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Foreword

The 16th International Conference on Human–Computer Interaction, HCI
International 2014, was held in Heraklion, Crete, Greece, during June 22–27,
2014, incorporating 14 conferences/thematic areas:

Thematic areas:

• Human–Computer Interaction
• Human Interface and the Management of Information

Affiliated conferences:

• 11th International Conference on Engineering Psychology and Cognitive
Ergonomics

• 8th International Conference on Universal Access in Human–Computer
Interaction

• 6th International Conference on Virtual, Augmented and Mixed Reality
• 6th International Conference on Cross-Cultural Design
• 6th International Conference on Social Computing and Social Media
• 8th International Conference on Augmented Cognition
• 5th International Conference on Digital Human Modeling and Applications
in Health, Safety, Ergonomics and Risk Management

• Third International Conference on Design, User Experience and Usability
• Second International Conference on Distributed, Ambient and Pervasive
Interactions

• Second International Conference on Human Aspects of Information Security,
Privacy and Trust

• First International Conference on HCI in Business
• First International Conference on Learning and Collaboration Technologies

A total of 4,766 individuals from academia, research institutes, industry, and
governmental agencies from 78 countries submitted contributions, and 1,476 pa-
pers and 225 posters were included in the proceedings. These papers address
the latest research and development efforts and highlight the human aspects of
design and use of computing systems. The papers thoroughly cover the entire
field of human–computer interaction, addressing major advances in knowledge
and effective use of computers in a variety of application areas.

This volume, edited by Panayiotis Zaphiris and Andri Ioannou, contains pa-
pers focusing on the thematic area of learning and collaboration technologies,
addressing the following major topics:

• Design of learning technologies
• Novel approaches in eLearning
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• Student modeling and learning behavior
• Supporting problem-based, inquiry-based, project-based
and blended learning

The remaining volumes of the HCI International 2014 proceedings are:

• Volume 1, LNCS 8510, Human–Computer Interaction: HCI Theories,
Methods and Tools (Part I), edited by Masaaki Kurosu

• Volume 2, LNCS 8511, Human–Computer Interaction: Advanced Interaction
Modalities and Techniques (Part II), edited by Masaaki Kurosu

• Volume 3, LNCS 8512, Human–Computer Interaction: Applications and Ser-
vices (Part III), edited by Masaaki Kurosu

• Volume 4, LNCS 8513, Universal Access in Human-Computer Interaction:
Design and Development Methods for Universal Access (Part I), edited by
Constantine Stephanidis and Margherita Antona

• Volume 5, LNCS 8514, Universal Access in Human–Computer Interaction:
Universal Access to Information and Knowledge (Part II), edited by
Constantine Stephanidis and Margherita Antona

• Volume 6, LNCS 8515, Universal Access in Human–Computer Interaction:
Aging and Assistive Environments (Part III), edited by Constantine Stephani-
dis and Margherita Antona

• Volume 7, LNCS 8516, Universal Access in Human–Computer Interaction:
Design for All and Accessibility Practice (Part IV), edited by Constantine
Stephanidis and Margherita Antona

• Volume 8, LNCS 8517, Design, User Experience, and Usability: Theories,
Methods and Tools for Designing the User Experience (Part I), edited by
Aaron Marcus

• Volume 9, LNCS 8518, Design, User Experience, and Usability: User Expe-
rience Design for Diverse Interaction Platforms and Environments (Part II),
edited by Aaron Marcus

• Volume 10, LNCS 8519, Design, User Experience, and Usability: User Expe-
rience Design for Everyday Life Applications and Services (Part III), edited
by Aaron Marcus

• Volume 11, LNCS 8520, Design, User Experience, and Usability: User
Experience Design Practice (Part IV), edited by Aaron Marcus

• Volume 12, LNCS 8521, Human Interface and the Management of Informa-
tion: Information and Knowledge Design and Evaluation (Part I), edited by
Sakae Yamamoto

• Volume 13, LNCS 8522, Human Interface and the Management of Infor-
mation: Information and Knowledge in Applications and Services (Part II),
edited by Sakae Yamamoto

• Volume 15, LNCS 8524, Learning and Collaboration Technologies:
Technology-rich Environments for Learning and Collaboration (Part II),
edited by Panayiotis Zaphiris and Andri Ioannou

• Volume 16, LNCS 8525, Virtual, Augmented and Mixed Reality: Designing
and Developing Virtual and Augmented Environments (Part I), edited by
Randall Shumaker and Stephanie Lackey
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• Volume 17, LNCS 8526, Virtual, Augmented and Mixed Reality: Applica-
tions of Virtual and Augmented Reality (Part II), edited by Randall
Shumaker and Stephanie Lackey

• Volume 18, LNCS 8527, HCI in Business, edited by Fiona Fui-Hoon Nah
• Volume 19, LNCS 8528, Cross-Cultural Design, edited by P.L. Patrick Rau
• Volume 20, LNCS 8529, Digital HumanModeling and Applications in Health,
Safety, Ergonomics and Risk Management, edited by Vincent G. Duffy

• Volume 21, LNCS 8530, Distributed, Ambient, and Pervasive Interactions,
edited by Norbert Streitz and Panos Markopoulos

• Volume 22, LNCS 8531, Social Computing and Social Media, edited by
Gabriele Meiselwitz

• Volume 23, LNAI 8532, Engineering Psychology and Cognitive Ergonomics,
edited by Don Harris

• Volume 24, LNCS 8533, Human Aspects of Information Security, Privacy
and Trust, edited by Theo Tryfonas and Ioannis Askoxylakis

• Volume 25, LNAI 8534, Foundations of Augmented Cognition, edited by
Dylan D. Schmorrow and Cali M. Fidopiastis

• Volume 26, CCIS 434, HCI International 2014 Posters Proceedings (Part I),
edited by Constantine Stephanidis

• Volume 27, CCIS 435, HCI International 2014 Posters Proceedings (Part II),
edited by Constantine Stephanidis

I would like to thank the Program Chairs and the members of the Program
Boards of all affiliated conferences and thematic areas, listed below, for their
contribution to the highest scientific quality and the overall success of the HCI
International 2014 Conference.

This conference could not have been possible without the continuous support
and advice of the founding chair and conference scientific advisor, Prof. Gavriel
Salvendy, as well as the dedicated work and outstanding efforts of the commu-
nications chair and editor of HCI International News, Dr. Abbas Moallem.

I would also like to thank for their contribution towards the smooth organi-
zation of the HCI International 2014 Conference the members of the Human–
Computer Interaction Laboratory of ICS-FORTH, and in particular
George Paparoulis, Maria Pitsoulaki, Maria Bouhli, and George Kapnas.

April 2014 Constantine Stephanidis
General Chair, HCI International 2014
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Marcelo Soares, Brazil
Carla Spinillo, Brazil



Organization XIII

Distributed, Ambient and Pervasive Interactions

Program Chairs: Norbert Streitz, Germany,
and Panos Markopoulos, The Netherlands

Juan Carlos Augusto, UK
Jose Bravo, Spain
Adrian Cheok, UK
Boris de Ruyter, The Netherlands
Anind Dey, USA
Dimitris Grammenos, Greece
Nuno Guimaraes, Portugal
Achilles Kameas, Greece
Javed Vassilis Khan, The Netherlands
Shin’ichi Konomi, Japan
Carsten Magerkurth, Switzerland

Ingrid Mulder, The Netherlands
Anton Nijholt, The Netherlands
Fabio Paternó, Italy
Carsten Röcker, Germany
Teresa Romao, Portugal
Albert Ali Salah, Turkey
Manfred Tscheligi, Austria
Reiner Wichert, Germany
Woontack Woo, Korea
Xenophon Zabulis, Greece

Human Aspects of Information Security, Privacy and Trust

Program Chairs: Theo Tryfonas, UK,
and Ioannis Askoxylakis, Greece

Claudio Agostino Ardagna, Italy
Zinaida Benenson, Germany
Daniele Catteddu, Italy
Raoul Chiesa, Italy
Bryan Cline, USA
Sadie Creese, UK
Jorge Cuellar, Germany
Marc Dacier, USA
Dieter Gollmann, Germany
Kirstie Hawkey, Canada
Jaap-Henk Hoepman, The Netherlands
Cagatay Karabat, Turkey
Angelos Keromytis, USA
Ayako Komatsu, Japan
Ronald Leenes, The Netherlands
Javier Lopez, Spain
Steve Marsh, Canada

Gregorio Martinez, Spain
Emilio Mordini, Italy
Yuko Murayama, Japan
Masakatsu Nishigaki, Japan
Aljosa Pasic, Spain
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Abstract. In this work we present a teaching support action – Course Sprint - 
for the design and implementation of a course in a new virtual classroom. A 
Course Sprint is an intense and collaborative activity that brings together 
educators and instructional designers experts in teaching and learning 
technologies. The main objective is to create or redesign a set of learning 
activities considering the defined learning objectives and competences in the 
teaching program using creative thinking. The need of such an activity 
originated with the deployment of a new learning environment: how to get 
teachers to adopt this updated virtual environment for teaching and learning? 
The new classroom is activity-centered as opposed to calendar-centered and, 
therefore, requires teachers to change the design of the course and the learning 
activities.  

Keywords: collaborative learning, informal learning, online learning, 
instructional design, higher education, teacher trainning, coaching, continuous 
professional development. 

1 Introduction 

In order to adapt the instructional design to the constant changes of learners, the 
context, and the learning resources available teachers should review and redesign 
courses and activities constantly. Nevertheless, often the lack of time and support to 
undertake this redesign process pushes educators to repeat year after year the same 
learning process, using the same activities, content and strategies for teaching and 
learning.  

Technology for teaching and learning is another element that is directly affecting 
the education sector and showing the importance of review teaching plans. As a 
result, in online learning, which is the case of our University, it is even more 
important to provide teachers with adequate support for redesign their courses 
efficiently. 

Much of the design methodologies currently available are very time consuming 
and do not specifically take into account the teaching goals and competence level 
neither consider the most common possibility of having an existing learning design 
that needs to be redesigned. 
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In this work we present a teaching support action for the implementation of a 
subject in a new virtual classroom. Here the design of new virtual classroom works as 
a perfect excuse for teachers to review their instructional designs. We call this action 
“Course Sprint” (CS). A CS is a collaborative and intense activity with faculty 
members, tutors and instructional designers to (re) design the learning activities of a 
course in 4 hours taking into account the learning objectives of the course and the 
available technology for teaching and learning. 

2 Background 

For the ideation of the CS we considered the main characteristics of our context, our 
teacher’s needs and we analyzed current trends in support actions for instructional 
designers and continuous professional development for teachers. 

2.1 Context 

The Open University of Catalonia (http://www.uoc.edu) is a fully online university 
that develops all teaching and learning activities through a virtual campus. There are 
256 faculty members from different departments responsible for the design, 
implementation and monitoring of the courses developed in the virtual classroom. 
Tutors are responsible for the class activity, the follow-up of the students’ learning 
process and the evaluation of continuous assessment exercises and final exams. 
Currently, we have 3.406 tutors for the 2.562 courses being offered. 

The definition and design of the learning activities is often done collaboratively 
among faculty members and tutors as both are implied in the teaching process. Both 
teachers and tutors have a tight agenda, having little time for participating in long 
processes of instructional design. Also, the fact that tutors work totally online and 
have a full-time job – besides collaborating at the UOC - makes it difficult to find 
time for face to face meetings. 

The rapid changes in technology and in online learning as well as the requirements 
brought by the European Higher Education Area (EHEA) [5] pushes for the constant 
evolution of the learning management system. As part of this evolution, a new 
classroom environment has been designed and iteratively improved during two 
academic years. For the current year, the goal was to have a more massive pilot of this 
new classroom. As a result, we designed several accompaniment actions to promote 
the change to this new classroom: from the more traditional and formal training 
sessions to Course Sprints. As a result, this new classroom is currently available in 
333 subjects (13%), affecting 113 faculty members, 430 tutors and 14.510 students. 

The new classroom is activity-centered as opposed to calendar-centered and, 
therefore, requires teachers to change their mindset and the design of the course. In 
consequence, the adoption of this new environment implies for educators to both learn 
a new web application and the (re)design the learning activities. Our goal was to 
design and implement the right accompaniment actions to help teachers in this 
process.  
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2.2 Instructional Design Theories and Models 

Instructional design is a discipline aimed at the development of learning experiences 
and environments which promote the acquisition of specific knowledge and skill by 
students [10]. There are different design models that offer support and guidance for 
the creation of learning experiences. There are also other models of design not related 
directly with education that offers us good input: such as design thinking or lean 
entrepreneurship. 

Many of the models are quite similar in that they essentially mostly address the 
same four components in some form or another: 1) the learners; 2) the learning 
objectives; 3) the method of instruction; and 4) some form of assessment or 
evaluation. Some of them such as ADDIE [6] are more focused on the process and 
others are more centered on working on the different components that compose the 
instruction like Dick and Carey Model [4]. Being these models very time consuming 
and very rigid in their implementation, some other models were proposed based  
on flexibility and iterative processes like Kemp’s Model [12] or Rapid Prototyping 
Model [11]. 

The IMS Learning Design specification [8] was also taken into account. This 
specification is able to use any pedagogical model to get units of learning run-able 
and editable in an interoperable way. IMS-LD augments other well-known e-learning 
specifications aforementioned, like SCORM, IMS Content Packaging, IMS Question 
and Test Interoperability or IMS Simple Sequencing. Furthermore, IMS-LD describes 
among other things the roles, the activities, the basic information structure, the 
communication among different roles and users; and all these under the pedagogical 
approach decided by the teacher and-or the e learning designer. Although it seems 
like a good approach to consider in our online learning environment, the IMS-LD is 
too complex and theoretical and the software available to help create learning objects 
is not mature enough.  

These models as such were discarded as an option to promote the adoption of the 
new virtual environment. Teachers would not take the time to go through the 
documentation and the training was too theoretical and far from the real 
implementation problems. However, we did get inputs and insights to help us shape 
the support action we were aiming for. 

Other less education related approaches like Design Thinking [3] also provide an 
adequate framework. However, again, the process spreads over time and, as a result, 
requires too much involvement for teachers. Our goal was to design a solution that 
would provide a one-time and not too long involvement; instead of day-long or 
sessions spread during different days. Design thinking promotes the combination of 
empathy for the context of a problem, creativity in the generation of insights and 
solutions, and rationality to analyze and fit solutions to the context. All these elements 
as well as the creativity aspect are important for the design of the learning activities 
support.  

Lean Entrepreneurship and its uses in education were analyzed as well as the T-
PACK methodology and the ISTE coaching proposal. The Lean Startup [9] provides a 
scientific approach to creating and managing startups with the goal of offering a 
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desired product to customers' hands faster. The Lean Startup (LS) method is about 
how to drive a startup-how to steer, when to turn, and when to persevere-and grow a 
business with maximum acceleration. It is a principled approach to new product 
development. A core component of Lean Startup methodology is the build-measure-
learn feedback loop. This makes the LS very interesting in education as a perfect way 
of constantly evaluating the learning experiences adapting it to learners and context. 
In this sense, it is similar to the iterative nature of design thinking and more generally 
of user-centered design approaches.  

The Technological Pedagogical Content Knowledge (TPACK) model [14] attempts 
to identify the nature of knowledge required by teachers for technology integration in 
their teaching, while addressing the complex, multifaceted and situated nature of 
teacher knowledge. An possible solution for the implementation of a TPACK model 
are the technology coaches defined by ISTE [13]; who assist teachers in using 
technology effectively for assessing student learning, differentiating instruction, and 
providing rigorous, relevant, and engaging learning experiences for all students. 

All these different models, theories and approaches to instructional design helped 
us better design the accompaniment action and take the aspects and ideas that best fit 
our context and the needs and characteristics of faculty members and tutors.  

Being a multidisciplinary department with many of its members software 
developers, we also looked at agile methodologies and especially at hackathons [7] 
which are collaborative and intense activities. During these events, computer 
programmers and other profiles involved in software development, including graphic 
designers, interface designers and project managers, collaborate intensively on 
software projects. The focus is on producing an end-product by the end of the event. 
This specific characteristic was key in the type of action we were looking for.  

Booksprints [1] are similar to hackathons, they bring together a group to produce a 
book in 3-5 days. There are five main parts of a Book Sprint: 

1. Concept Mapping: development of themes, concepts, ideas, developing ownership, 
etc. 

2. Structuring: creating chapter headings, dividing the work, scoping the book (in 
Booktype, for example). 

3. Writing: distributing sections/chapters, writing and discussion, but mostly writing. 
4. Composition: iterative process of re-structure, checking, discussing, copy editing, 

and proofing. 
5. Publication 

This structure was also very useful and adequate to the (re)design of learning 
activities and can be mapped to the process of creating these activities and then 
implementing them into the new classroom. 

3 Characteristics of the New Support Action 

Learning from the several aspects we gathered from current instructional design 
models as well as software and design development processes together with our 
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specific context and end-users, the new support action for faculty members and tutors 
had to cover the following characteristics and aspects:  

• Promote adoption of the new virtual classroom environment. Now is activity-
centered as opposed to calendar-centered and, therefore, requires teachers to 
change their mindset and the design of the course.  

• Train faculty members and tutors about this new classroom and its characteristics. 
• Short and self-contained. The lack of time of our target users and the fact that they 

are spread in different locations are a big constraint. 
• Different agents implied in the design of each course/subject. In our university 

there are two different agents responsible of designing and teaching in each 
subject: The teacher and the tutor. Both teachers and tutors assist to the Course 
Sprint. 

• Awareness of the students’ needs as well as the differences between teachers of 
different departments and with a diverse interest in learning technology. Teachers 
need different types of support depending on the characteristics of the subjects they 
teach and also the students’ needs. There are subjects that are completely new, 
others that are already designed but need some revision. There are some subjects 
with big number of desertion, others that are well considered but have not been 
revised for a long period of time, for instance. 

4 The Course Sprint Structure  

During Course Sprints [2] faculty members and tutors design the learning activities 
taking into account the learning objectives of the course and also the competences 
students have to acquire during the semester. Contents are considered as resources for 
students to solve the activities and not as the main tool of the learning process. We 
also offer teachers the possibility of including Open Educational Resources as reliable 
material that can be included to help students to work the activities of the minor. 

The 4-hours session is structured in the following phases:  

1. Introduction of the new virtual classroom and the teaching and learning tools 
available in the virtual classroom (wikis, blogs, microblogs, etc.). During 30 
minutes we make an introduction to the new classroom for teachers to familiarize 
with the new classroom design.  

2. Analysis of the virtual mind map created with the goals and competences that the 
course needs to cover. Before the brainstorming activity, we introduce the mind 
map we have created for the session. The main map is based on goals and skills 
that the course/subject needs to cover and want to help teachers to think about 
possible learning activities. 

3. Brainstorming of learning activities based on the mind map. Using the virtual mind 
mapping tool, teachers include, first, individually, afterwards as a group and during 
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30 minutes, all the activities they think are adequate for students to achieve the 
goals and skills established. This stage of the session is very important as usually 
teachers establish the activities based on content and not on goals and skills. It 
requires them to define activities from a new point of view. 

4. Introduction to Open Educational Resources (OER) research techniques. Library 
staff explain basic research techniques for teachers to be autonomous to find and 
include OER in their learning activities. 

5. Selection of the learning activities to design. Using the virtual mind map, faculty 
members and tutors explain the activities he/she have added to the map trying to 
find similar ones proposed by others and trying also to estimate the time required 
to the student and its place in the course planning. We define a group of parameters 
for each activity: public/private, product (final result of the activity), 
individual/group. 

6. Design of activities. From the selection made in step 5, we organize teachers in 
groups for developing the activities using the templates previously prepared. In this 
template we propose a flexible organization for the description of each activity.  

7. Search for online resources to complement the activities. A specialist in 
documentation and OER research is present during the session helping teachers 
find new resources associate to the activities they propose. These resources are a 
complement to the mandatory material associated to the course or subject. It is also 
a good moment for teachers to ask doubts about research techniques to the 
specialist. 

8. Publish the activities in the new virtual classroom. Once the activities are 
developed, teacher access to the new classroom and published it. Teacher learns 
with this practical exercise how the new classroom works acquiring the basic 
knowledge for being autonomous in the management of their virtual classrooms. 

In order to prepare each session and adapt the structure to the specific needs and 
characteristics of the teachers and the course, previous to running a Course Sprint, it 
is very important to meet faculty members to know their concrete needs for adapting 
the sessions. Depending on that some of the phases of the CS were longer, shorter or 
eliminated. 

As mentioned for step 2, also previous to the Course Sprint, we create some 
documentation that was used for the dynamic of the sessions. First of all, we create an 
online collaborative space for the brainstorming phase. This space is configured 
specially for each course we are going to work. Here, we include objectives (blue in 
the figure) and skills (black in the figure) that had to be worked in the concrete 
subject. All this information is taken from the syllabus that faculty members 
previously facilitate us.  

During the session – stage 3 - teachers create the possible activities (pink in the 
figure) they are going to work with students taking into account the desired learning 
goals and competences. This online system offers us the possibility of working first in 
an individual way and collaboratively afterwards. 
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Fig. 1.  

We have also created templates for the design of the activities phase. In this phase, 
teachers, based on the brainstorming phase, select and develop the activities that are 
going to be part of their course. Here we work the concrete definition of each activity 
using the template as a way of helping teachers to refine each activity description. 
Some sections are suggested in the templates for the definition of each activity: 
Description and instructions; Objectives; Skills; Contents; Materials and resources; 
Teaching and learning tools; Important dates; Dedication and pending issues. These 
sections are just a starting point, teachers can change them if needed. 

All this material stays available for teachers to be used after the CS session. 

5 Evaluation and Results 

We have run 21 Course Sprints with 71 teachers from different specialties during the 
4 months previous to the start of the semester; which is when teachers revise the 
syllabus and learning activities of their courses. Most of the sessions were face to 
face. However, when there were tutors that could not assist, we offered them to 
participate via a videoconferencing tool.  

The evaluation of the CS experience has been made using qualitative, informal and 
quantitative methods collecting data with different instruments. 

We created a questionnaire in which we asked about different aspects of the CS: 
utility of the CS, relation between time spent and benefits, methodology valuation, 
resources evaluation, utility of the products of the session and an open-ended question 
about possible improvements of the CS. The figures below show the responses of 16 
of the participants. 
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Fig. 2.  

At the open-ended question about possible improvements of the CS, teachers gave 
us positive feedback about the adequacy of the session to the established goals. Also 
gave us some ideas for the improvement of the session related especially with the 
length, proposing doing the CS in 2 sessions for example or working part of the 
session online before the face to face meeting. On the other hand they valued 
punctuality and organization the most.  

From the feedback on the sessions, we gather that the experience has been very 
positive. In a short period of time, teachers get to know the new environment, 
(re)design the learning activities and have the virtual classroom ready to start the 
semester. We have also seen that teachers that do not go through this course have a 
hard time when they switch to the new classroom. When they go through the Course 
Sprint previously, they already know the new system and it was much easier to adapt 
and guide their students though the new interface and their functionalities. 

Also, the more Course Sprints we made the more we learn about teachers and their 
needs. That offers us the possibility get data to keep working on the enhancement of 
both the virtual learning environment and tools and the accompaniment actions we 
offer. 
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6 Conclusions 

Technology by itself does not change the teaching methodology and practice. In this 
paper we have presented how we have created a support action to use the changes 
made in our learning environment as a perfect reason to motivate teachers to rethink 
their teaching tools and methodologies. Our goal was to support teachers in the design 
of the courses and learning activities. We do not expect them to learn first about 
instructional design or the available teaching and learning technologies. 

The method itself very flexible, and has allowed us to place the focus on specific 
aspects depending on the needs of the participants by adding or removing time from 
others. The situation of the programs, subjects or teachers may be very different from 
one another, and in this sense the CS has demonstrated to easily meet the needs  
of each session. For example, some teachers may require support in the definition of 
learning objectives, while others may only be interested to focus in the design of 
innovative learning activities. Other teachers come with a clear idea on what they 
want to do, but they need to know which ICT tools can be used for their ideas. 

A really interesting collateral effect of this collaborative activity with the educators 
and instructional designers is that they are obliged to deal together with most of the 
issues of that course, and this is a way to make communication flow and share 
important aspects of that course. Making decisions in a group is also a way to make 
teachers more comfortable with their tasks and make sure all the participants in the 
course design share a particular view. 

Another parallel effect is that, by supporting a teacher on the course design of a 
specific subject, probably we will be indirectly improving other subjects he or she is 
teaching. Based on our experiences, the sessions with teachers made new ideas 
emerge in our teachers' minds, and many of them may take advantage of these ideas 
to introduce changes in other subjects. Besides, at the end, the best impact is done on 
the students, who will enjoy of a better learning experience. 

Course Sprint sessions are teacher training sessions. In this sense, CS is a powerful 
contribution to the teacher training programme in a particular institution, with the 
added value that as you train a teacher, you are also getting a subject designed. This is 
an essential factor to consider: teachers will be more engaged and open to teacher 
training actions if they can see that the training provides a useful product for them. 

The role of the facilitator, coach or expert in educational sciences and ICT is the 
most appropriate to support teachers in CS sessions. These facilitators need to learn 
about the course to be (re)designed, have a clear idea of the competences and 
objectives related to it, and think of a methodology or potential activities to reach the 
learning objectives. The knowledge about a considerable range of ICT tools is 
necessary as well as the most important pedagogical strategies. Creativity, 
spontaneity, real listening skills and flexibility are some of the essential abilities that 
this facilitator should bring to the process. 

These conclusions will be widen once the courses that were designed through CS 
are finished. By that time, we will be able to collect data about the evaluation of such 
courses and then we will compare it with the same course designed without the CS 
session. For now, we know that the experience is positive for educators and helps 
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accomplish our main goal: to facilitate the adoption of the new classroom through a 
short and handson activity so educators would both get to know the environment and 
(re)design the learning activities. 
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Abstract. Educational animation as a resource for learning has proliferated due 
to the inclusion of technology in schools and the possibilities brought by new 
media and graphic design software. By using animation for learning this feature 
gains more stakeholders with different goals (learning and teaching) and be-
comes a complex product. Aiming this, it is necessary to use auxiliary tools to 
cover all the functions of the project. The Business Model Generation (BMG) is 
a tool that displays all stakeholders of a business and their relationships. This 
article tries to apply the idea of this tool as an auxiliary canvas for creating re-
quirements for animation. For those presents the BMG canvas and proposes a 
canvas for design educational animations. Finally, to show its uses two anima-
tion samples were evaluated by the model built, to demonstrate the ability of the 
canvas to be used as a tool for collaborative requirements elicitation. 

Keywords: animation, design, educational animation, and canvas. 

1 Introduction 

Nowadays, the use of animations as learning objects has been expanded [1]. The en-
tertainment characteristic of animation helps to improve motivation in the teaching / 
learning process. On the other hand, the educational animation design becomes more 
complex, considering that more elements and stakeholders must be taken into account 
to produce an efficient educational animation. 

The stakeholders group includes, basically, four types: content creators (educators 
in general), designers (animation conception and production), teachers as users (indi-
rect users) and apprentices (direct users).  

The design process must consider all requirements of this group, thus this process 
needs a tool that helps to manage and conciliate decisions in a collaborative way. To 
solve this problem, this paper proposes the use of a canvas based on the model pre-
sented in "Business Model Generation Canvas" [25, 26]. The proposed canvas allows 
both a modular and a holistic view of all design process. Besides, it allows collabora-
tive design. 

In the area of education, the use of Canvas Business Model Generation is also jus-
tified because in addition to facilitating the design of materials, it can aid in the analy-
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sis of the context of learners and provide them a better fit of the proposed tasks. The 
analysis cultural, social and cognitive of users can help the design team elaborate the 
requirements of the project and put into practice the concepts of learning that focuses 
on apprentice learner theory (constructivism, constructionism, meaningful learning, 
situated learning, tangential). Having clearer understanding of the target audience 
could generate more motivating and engaging materials for learners. 

This article examines the production of educational animations, a tool for business 
model proposal, and presents examples of the use of the model as a form of assess-
ment that may evidence the actions that have been and could be taken, if the model is 
used at the conception phase of a given animation. The examples show some uses of 
the canvas. 

2 Animation Educational and Participative Design 

The first step to develop the canvas was modules of definition and specification. This 
goal required a literature review. 

There are different settings for the animation definition. Lowe and Schnotz [15] 
define it as pictorial representation that varies over time, a form of representation and 
information transmission. Thomaz and Johnston [30] emphasize the animation as a 
media to motivate and transmit emotions. Since the study was focused on educational 
animation, it is expected that both visions appear balanced in design process. 

This process is often guided through steps, and the entertainment industry estab-
lished some animation design models [3, 11, 12, 20, 27, 29, 30, 32]. Basically, the 
models present four phases: conception, pre-production, production and post-
production. 

The conceptual phase reaches the end with the Animatic production. The Animatic 
is a preview of the animation, a kind of animated storyboard with times, sounds and 
movements planned [11]. The other phases are responsible to complete the production 
accordingly to the animatic. 

The presented models are appropriate to develop animations focused in entertain-
ment but they do not address educational issues, even in the conceptual phase. In 
addition, the lack of a process to develop educational animations usually transfers the 
animation concept phase to designers or to the teachers. The conception is based on 
designers/teachers experience and feelings, it depends of each particular designer  
or designer team allocated to develop the animation, thus the conception phase does 
not consider or consider partially the real needs of the stakeholders and the project 
objectives.  

As already mentioned before, it is considered in this paper as stakeholders of edu-
cational animations: content creators (educators in general), designers (animation 
conception and production), the teachers’ users (indirect users) and apprentices (direct 
users). To serve them, the adoption of design practices that enable collaboration and 
effective participation of stakeholders in the process of generating these animations is 
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needed. This article refers to the processes of user-centered design, and more specifi-
cally the participatory design. There are several definitions for participatory design, to 
Muller, and Haslwanter Daytorn [24] this term arising from studies of HCI can be 
defined as “is that the ultimate users of the software make effective contributions that 
reflect their own perspectives and needs, somewhere in the design and development 
lifecycle of the software”.   

However, this research adopts what Baranaukas, Martins and Valente [5] call co-
design, a form of design that has bases in participatory design, but it gathers people 
who do not share the same work context (teachers, students and developers), and who 
will benefit from the product’s results, view that has been an emphasis on human 
mediation for making animation. Co-design is understood "as the action to work to-
gether with people through various artifacts (including pencils and paper prototype 
systems, narratives, ethnographic research, etc.) to clarify the meanings they con-
struct " this option is necessary if one wants to narrow the gap between the results or 
the product of the expectations of the people most impacted by the projected solution. 

Thinking of these perspectives many tools were surveyed. In HCI there are many 
tools and techniques for software design. Muller, Haslwanter and Daytorn offer  
61 ways to work with participatory design, with the main advantages for its use in 
projects being the possibility of democratic and social participation of different  
professionals, efficiency and effectiveness and provided a greater acceptance by  
users [24]. 

By presenting these advantages, it was adopted the use of participatory and user-
centered design tools as a basis for the design of educational animations. 

Of course there are big productions made by film studios that have a comprehen-
sive roadmap and can certainly balance these items. However designers, professionals 
and teachers who do not hold this training or resources make a large part of the learn-
ing materials, mainly for public schools. Therefore, to assist these developers sug-
gested the Business Model Generation. It is a tool for business planning, but it can 
assist in the development of materials for education. 

This Canvas has some features that can help developers and teachers, therefore, 
treat the course material as a product and direct it to the students is a proposal that 
meets all the new trends of the interacting education. 

3 Business Model Generations 

According to Osterwalder, A. & Pigneur, Y., the Business Model Generation Canvas 
is structured to describe, analyze and design business models. The union of business 
techniques, strategies and concepts, forms this tool. 

Figure 2 shows nine categories defined by the model; they address specific issues 
to plan a business. Modules show the task segmentation and prioritization (inputs and 
outputs) and that they can be completed collaboratively (with stickers), what differen-
tiates the canvas of a conceptual map [9, 25, 26]. 
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Fig. 1. Business Model Canvas [25] 

The business model was adopted because the animation is treated as a product that 
needs to pass through processes and need to understand and work with different areas 
of expertise. Such processes depend on settings and complex concepts in education, 
technology and design, different fields that do not always share their concepts. 

Educational animation can be considered products that need to be designed to pro-
vide situations and teach, which does not necessarily only depend on technical fac-
tors. The playful, motivation and entertainment can assist in this process. 

In the book Business Model Generation has numerous motives and uses that can-
vas has acquired in worldwide. Among the main reasons for its adoption by entrepre-
neurs the BMG authors mention these:  the canvas allows the visualization of links 
between parts of a process, addresses the problem (the business) holistically, present-
ing and exhibiting the most varied details; unifies different language experts which 
helps to clarify the perception of process and product; confronts actions with pros-
pects of success and shows the entire staff implications, actions and prospects of the 
business. 

All these vantages can be used for designing animations: best view, the holistic 
view, the exposure of details, the unification of process' terms can assist in the  
production of animation. The use of this tool can professionalize the production of 
educational animation and consequently improve education itself by offering an alter-
native to this medium be used efficiently not only just for entertainment, but also for 
learning. 

4 Structuring the Model 

The BMG canvas was the inspiration to define a canvas that helps the development  
of the conceptual phase of an educational animation. The proposed canvas, as a mod-
ular and collaborative tool, can help to solve or minimize this problem. Note that the 
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current canvas is restricted to the conceptual phase, a crucial part of the educational 
animation design. 

Figure 2 shows the initial proposal of a canvas-based business model. The model 
uses four modules and an integration scheme. These modules were designed to meet 
the 4 stakeholders and list the necessary elements to suit each group and the resources 
that need to be defined for each animation. The elements of each module were defined 
based on a bibliographic research and each module treats a specific part of the design 
process: 

1. Content  - what teach? - Type, subject, age, pedagogical line [1, 2, 7, 10, 21, 23, 
33];  

2. Objectives - why teach? - Motivate, illustrate, involve, visualize, thrill [1, 2, 7, 31, 
33];  

3. Resources - how teach? - Physical support, required resources and presentation 
types [1, 2, 3, 4, 6, 7, 8, 13, 14, 15, 16, 17, 18, 19, 21, 22, 28, 31];  

4. Target-public – for whom? Indirect and direct users [2]. 

 

Fig. 2. First Canvas for design of educational animations 

However, this initial model does not hierarchizes input or output for the shares and 
no inserts modules and possible elements that could go into each phase, so he was re-
structured as shown in figure 3, where it has an order which lists objectives, content 
and resources. These modules are based on the key decisions to be made in the con-
ceptual phase. 

The modules created are only for illustration and may be added others according to 
the needs of the project. With this we can generate relationships, justify actions and 
allow the participation of other experts and other areas that may generate demands for 
the animation. 
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Fig. 3. Ultimate canvas for the Design of educacional animations 

How the interests of stakeholders are different, with the generation of this canvas 
leave clearer decisions and requirements of the project for all involved. These mo-
dules are the result of recommendations from the dissertation of Alves [2]. Therefore, 
for each module have a set of questions that can be answered to establish the requi-
sites (Table 1).  

This representation shows a wider view of the animation providing an overview of 
the project requirements and of the stakeholders (teachers and designers), demonstra-
ting how each action was taken and justifying each step of production. 

The modules are interconnected and each choice provides a new perspective for the 
construction or the possibility of inclusion of other elements. 
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Table 1. Questions to fill the canvas 

 

Evaluation of educational animation 

Objectives - Why? 
1) Principal goal: Why animate content? 
2) Secondary goal: There is some content associated with? 

Functions  - Stakeholders 
For students: For teachers: 

Motivate? / Explain content? / Show the 
contents? / Entertain the student? / Illu-
strate content? / Display the contents? / 
Generate interaction? / Other 

Motivate the students? / Explain content? / Show the contents?  
/ Entertain the students? / Facilitate learning? / Display the 
contents? / Illustrate content? / Contextualizing? / Generate 
interaction? / Other 

Content - What? 
Theme: What is the theme of the animation? 

Age: What is the age group for the Project? 

Type: Fact / Procedure / Concepts / Principles / Attitudes / Values  

Media: TV / Computer / Tablet  / Mobile / Cinema 

Technics: Direct / Pose to pose 

Rules for content: What is the government legislation? Standards? 

Associated with: What is discipline? 

Environment:  Classroom / Laboratory / Home / Auditorium 

Accessibility: 
 

1) What is the target? 
2) The animation has alternative texts or images?  
3) You will be allowed to migrate from one media to another? What?  
4) What file format will be available?  
5) How does the interaction in the case of disabilities? 

Usability Usability principles. 
Culture: 1) Adaptation of language, elements? /  Others 

Motivation: 
 

1) The animation will be based on a narrative?  
2) The animation has characters?   
3) What is the content? Technical, serious, playful, humorous?  
4) Will be used Language features? Metaphors, analogies?  
5) How wills the aesthetic of animation? Which style, dash, drawing animation?  
6) What is the degree of fidelity of representation towards the real object?  
7) What degree of control and user interaction on the animation? 

Resources - How? 
Visual lan-
guage: 
 

Syntactic composition: 

1) Analyzes the Position: position of the frames (physical position or sequence of animation 

that can be analyzed through the structuring of keyframes). 

2) Analyzes the size: the size and scale of the elements within the frame of the animation. In 

the case of events the issue of macro and micro situations that make up the information.  

3) Analyzes the value: texture, volume and colors; use of dimensions (2D, 3D). 

4) Analyzes the framing shots. 

5) Drive a study of the orientation of the material: the gaze direction by direction indicators 

(arrows, textual, narration or sound) or motion. 

6) Conducts studies of color: hue and saturation, textures, real and artificial, static color 

patterns and color patterns of events and dramatic situations. 
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Table 1. (continued) 

 

This model is still being tested but, to justify the choice of the Business Model 
Generation, an initial test with existing animations has been made. This strategy was 
adopted to justify the use of BMG and show the effects could provide a canvas in the 
design of educational animations process. 

For this, 2 animations were selected in an intentional non-probabilistic sample to 
demonstrate how the canvas would work before applying it in a real design process. 
The selected animations are freely available on Youtube®. The two animations were 
selected because they have similar contents but different goals. The first is a playful 
and informative while, the other presents technical and informative content. The au-
thors performed the assessment presented; therefore, the participation of experts and 
training of the variables that could be done by more people (which will be done in the 
future) would be necessary. The next section shows the results of these analyses. 

The animations were chosen due to submit the same theme (greenhouse) but with 
different structures and different ways of presenting information. To demonstrate 
these differences form the canvas following built based on the proposed model. 

The first animation (Figure 4) analyzed belongs to a series of Brazil animations 
called Collective conscious, created for Canal Futura®, a TV channel linked to edu-
cation. The animation was created by Akatu®, which values the conscious consump-
tion, HP and Canal Futura® company. 

The analysis revealed some characteristics displayed by animation that may have 
been thought of in his briefing. The fun aspect, intended to teach values and concepts 
and generate reflection, it is reflected in the attitudes of the characters and the meta-
phors used. The use of colors, emotional, and moral appeals give an aspect of humor 
and attract learners’ attention. The canvas can explicit the elements that have been 
used in the presentation, which provides the possibility of generating an assessment 
document that can be used as requirements document for the creation. 

7) Evaluates the emphatic contents. 

8) Considers information as cause and effect. 

9) Groupings: connector elements, composers of the forms. 

10) Disposition of information: a way to organize the graphical representation. 

11) Analysis of movement: explicit and near real movement or unreal movement, but 

representative. 

12) Analysis of time: timing, acceleration and deceleration. 
13) Setting events: continuity, overlapping action, secondary action, transformation of 

information into narrative, scenes, sequences, plans and frameworks, use of exaggera-
tion, anticipation, stretch and shrink. 

Verbal lan-
guage: 

1) How the text is inserted into the animation? Subtitles? Sound?  
2) How the text relates to visual?  
3) There are visual texts? 

Sounds: 
 

1) How is the sound?  
2) True to the object represented?  
3) Playful? Illustrative? Narrative audio? 
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The second animation evaluated (Figure 5) also addresses the greenhouse and it 
was designed by Mamute Midia® for the INPE (Portuguese for Brazilian National 
Space Research Institute). Its analysis shows similar information when compared to 
the first animation, but with a different design. The animation turned into an animated 
infographic in 3D, with visual text (written) and spoken data. This animation uses 
analogies and even accessibility options (texts spoken and written). It aims to transmit 
technical information and to offer points of interaction with the content for the students.  

The two canvas built showed different actions taken for each animation to try to 
achieve the needs of each one. 

The canvas can also show that each requirement can require some different ele-
ments.  For example, the first issue presented need the motivational factors that al-
lowed the adoption of animated characters that was not used in the second animation 
that valued the real information and the teaching content. 

 

 

Fig. 4. Canvas of evaluation: Animation “Consciente Coletivo” episode 2. <http://www. 
youtube.com/watch?v=EEWturRPRuI&feature=c4-overview-vl&list=PL0799B2AEDB98CC4D> 
Access in Feb 01. 2014. 
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Fig. 5. Canvas of evaluation: Animation “Efeito Estufa” episode 2. <http://videoseducacionais. 
cptec.inpe.br/swf/mud_clima/02_o_efeito_estufa/02_o_efeito_estufa.shtml> Access in Feb 01. 
2014. 

This test is insufficient to support the use of the canvas, but they have showed that 
their use may become clearer reports and briefings and visibly to justify the choices of 
developers. 

5 Conclusion 

The authors consider that this model: 

a) will allow an holistic, modular and flexible view of the design process, 
b) will increase the amount and the quality of the participatory decisions and 
c) will help to improve the quality of the educational animations produced. 

The idea of Business Canvas can help the designers to work in an interdisciplinary 
and collaborative perspective, can reduce design errors and approximate the perspec-
tive of materials for teachers and students by providing best learning experience.  

As future work, more tests on actual production situations animations are needed 
to evaluate the use of canvas as a form of animation design. The next step will consist 
of a consultation with experts and a case study on the use of the tool in a given period 
of time in a company's actual educational animation. 
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Abstract. This paper looks specifically at how to develop light weight methods 
of evaluating pedagogically motivated software. Whilst we value traditional 
usability testing methods this paper will look at how Heuristic Evaluation can 
be used as both a driving force of Software Engineering Iterative Refinement 
and end of project Evaluation. We present three case studies in the area of Pe-
dagogical Software and show how we have used this technique in a variety of 
ways. The paper presents results and reflections on what we have learned. We 
conclude with a discussion on how this technique might inform on the latest  
developments on delivery of distance learning. 

Keywords: Heuristic evaluation, pedagogy, pedagogical software, disability, 
technology enhanced learning, flexible learning. 

1 Introduction 

This paper addresses practical concerns about evaluation methods and techniques in 
the context of educational software. In it we discuss methods of evaluating software 
and pragmatic approaches about how this can be done in practice. We note that whilst 
this is often hard to do, it is a vital part of the software development lifecycle. Formal 
experimental empirical studies can be difficult to set up, organise and run. This paper 
discusses our experiences with a lightweight alternative. What this paper does is re-
flect on issues we have found and provides details through case studies to demonstrate 
the application of Heuristic Evaluation as an alternative possible solution route. Heu-
ristic evaluation is a well established method for quickly evaluating the efficacy of 
new media solutions to interface issues [12-14]. One type of new media is that per-
taining to pedagogy and educationally motivated software. Squires and Preece [16] 
first proposed using heuristic evaluation as a way of measuring quality, learning po-
tential, and usability in educationally motivated applications. Albion [1] and Benson 
et al [3] are examples of this methodology being applied.  

In this paper we will reflect on three case studies that have used this evaluation 
technique and the value and insight that it has afforded. The heuristics used here were 
developed from Squires and Preece [16] so all three studies used the same questions. 
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The first was a Semantic Web motivated Virtual Learning Environment, proposed as 
a general learning architecture, but instanced here as a computer science tutor [17].  

This case study used heuristic evaluation at the end of a long software build to eva-
luate the usability and learnability of the final product. The second case study [8-9] 
looked at ontology-driven personalisation of services in the context of university stu-
dents with disabilities. Thus the context and nature of the subjects of the evaluation 
was notably different from that of the first approach. Heuristic evaluation was carried 
out by both subjects with disabilities and without. The task was to locate resources 
and manage the learning packages in the context of a university using a specially 
designed software help and navigation tool. The third case study used heuristic evalu-
ation to gain an understanding of the usability of a rolling prototype tutoring system 
for C# [4]. The prototype was evaluated by a group of experts who had established 
experience in teaching programming at First Year University level to an introductory 
computer science cohort. The technique was thus used not as an end user evaluation 
but as part of a rolling software development to get expert input into the evolving 
software tutoring tool.  

This paper will report results from all three studies. In all the cases reported heuris-
tic evaluation was found to be an effective tool and one that was easy and fairly fast to 
use. An evaluation of the effectiveness of all three case studies will be given and we 
will give individual examples of some of the outcomes and effectiveness of this type 
of activity. We will conclude with a discussion about what we have learnt about em-
ploying this technique and compare the type of outputs achieved from the approach 
taken here to that which we might have got from more formal or traditional evaluation 
methods. Indeed where we aim to turn next is to carry out a traditional empirical 
evaluation experiment with one of our case studies to compare the results. We look 
forward to being able to report on that in the future. 

2 Case Study: A Schema-Driven Flexible Virtual Learning 
Environment 

2.1 The Schema-Driven Approach 

This case study is based on the evaluation of a system that was designed to provide a 
software platform for the provision of personalised content for virtual learning envi-
ronments [17]. The system was designed to use a schema - that is machine-readable 
versions of instances of an educational process - providing a management system to 
allow the system to provide flexibility to the user in terms of building a personalised 
learning schema based on the users’ needs. For this approach, semantic web concepts 
were utilised so that the users would be able to make their choices in terms of options 
such as the style of learning, and then the system would compile – i.e. combine and 
build – a suitable overall learning schema for the user. 
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2.2 Evaluation of the System 

Once the prototype system was developed, the issue remained of how to evaluate its 
effectiveness. It was thus decided to develop an evaluation based around a set of usa-
bility elements, considered against the user’s context i.e. the usability of the e-
learning software, considering the designer/learner models, learner control, teacher 
customisation, and pedagogy. The heuristic evaluation approach in this case study 
was based around comparing the prototype against the perceived effectiveness of 3 
other existing systems (for details of this see [17]). 

In terms of Human-Computer Interaction, the system usability of the prototype was 
assessed as part of the overall heuristic evaluation, with regards to Nielsen’s heuris-
tics, for example “user control and freedom” , “flexibility and efficiency of use” and 
“help users recognize, diagnose, and recover from errors” [14]. Further, the prototype 
was considered against the assessment criteria for eLearning systems designed by 
Squires and Preece [16] that was developed from Nielsen’s [14] heuristics. These 
criteria included “learner control”, “teacher customisation” and “pedagogy”. 

For the prototype eLearning system in this case study, the participants were pro-
vided with information at least 3 days before the evaluation, which consisted of a 
hand-out with instructions, identifying the goals of the study, a set of definitions used 
in the evaluation and what they would be expected to do. The evaluation focussed on 
the typical use of the system – i.e. as users within the context of eLearning – not on 
general usage. To be specific, the study concerned the usability regarding flexibility 
of the selected eLearning tool around, for example, learner control, teacher customisa-
tion and pedagogy.  

The participants were provided with instructions on using the different systems to 
carry out the requisite tasks, e.g. to select learning units, to collect these together to 
develop an overall learning process, and to review how they were able to manage that 
process. The study itself had 10 participants, ranging from 3 professors to a range of 
computer science PhD students. Interaction was constrained with the use of scripts  
to try to constrain the range of actions so that each system could be compared in a 
systematic way.  

After each participant had used each system, there was a heuristic evaluation  
session to gather data on their use and perceptions of the system. There was also an 
opportunity to provide views on the overall process. 

2.3 Results of the Evaluation 

The evaluation produced data on the participants’ views of using all 4 systems – that 
is the prototype system and the 3 comparison systems. The participants used the same 
evaluation heuristics enabling comparison across the systems. By collating data into 
Agree, Disagree or Maybe the different systems could be compared, especially in 
terms of the usability of the different systems. This enabled the ease of use of the 
prototype to be evaluated against the other systems. This provided a good indicator of 
the usability of the system, with 70% agreeing the prototype enabled the user to de-
velop a suitable learning schema for them (with only 10%, 20% and 10% agreeing 
this for the comparison systems). All 4 systems received positive (70% or more) 
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agreement on the question of whether the software provided multiple views and re-
presentation. For full details of the evaluation see [17]. The use of heuristic evaluation 
for the flexible virtual learning environment enabled the system to be compared 
against 3 other systems. The evaluation showed the benefits and some limitations in 
the prototype system.  

The participants in the evaluation were asked to comment on the evaluation me-
thodology itself. The results from this showed that 90% felt the evaluation did show 
differences between the 4 systems, and the limitations of each, and 80% agreed that 
the evaluation results provided useful statistics by which to compare the systems. 

3 Case Study: The ONTODAPS e-Learning System 

3.1 What is ONTODAPS? 

To respond to the current need for inclusive blended learning in contemporary educa-
tion which is greatly driven by information and communication technologies (ICTs), a 
disability-aware e-learning system needed to be designed, implemented and eva-
luated. The Ontology-Driven Disability-Aware Personalized E-Learning System 
(ONTODAPS) responds to that need and personalizes learning resources for students 
(both disabled and non-disabled) based on their disability type and severity whilst 
considering their learning goals and the preference of the formats in which learning 
resources should be presented.  

3.2 The Need for a Disability-Aware e-Learning System 

Although ICTs greatly facilitate learning for students without disabilities, it could 
pose a significant challenge to disabled students when the technologies are not access-
ible. With the success of the Web, learning is now being delivered online and numer-
ous e-learning systems have been developed to facilitate learning. Nevertheless, some 
of these learning systems are not accessible to learners with disabilities. This problem 
could arise when the developers of the systems do not adhere to guidelines for access-
ible design such as WCAG 2.0 and do not consider the needs of disabled learners 
during the design process [9]. By engaging with disabled students at the University of 
Hull, directly in lectures and through mentoring sessions, we have been able to under-
stand the difficulties these students face with using existing e-learning environments 
and to obtain their recommendations for increased accessibility in e-learning systems. 

Over the past decade, our research has focused on how we deliver learning to stu-
dents using educational software. With increasing awareness on the challenges faced 
by the increasing numbers of disabled students while trying to use blended learning 
technologies, we spread our tentacles into inclusive education, seeking novel ways  
to deliver courses in an inclusive way. From searching literature, we have found  
that very little research is being done to improve the learning of disabled students 
from a personalization approach particularly employing semantic web technologies 
and considering the needs of students with multiple disabilities. This response con-
forms to contemporary legislations in various countries that call for service providers 
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to include the needs of disabled people through accessible systems. Such is the case 
with the Special Educational Needs and Disability Act, 2001 in the UK, the Accessi-
bility for Ontarians with Disabilities ACT, 2005 and the Americans with Disabilities 
Act, 1990 just to mention these. The design process through which experts in disabili-
ty and disabled students and other stakeholders are involved in designing inclusive 
and accessible blended learning systems adopted in the ONTODAPS design is in 
accordance with the disability-aware design approach [11]. 

3.3 Main Functionalities of the ONTODAPS System 

ONTODAPS functions as a multi-agent e-learning system that is driven by the 
ADOOLES (Abilities and Disabilities Ontology for Online LEarning and Services) 
ontology. The architecture of ONTODAPS is presented in Fig. 1. 
 

 

Fig. 1. Architecture of the ONTODAPS e-learning system [8] 

As ONTODAPS currently employs an interface technology, a student seeking per-
sonalized learning resources interacts with the system through a visual interface im-
plemented with Java. The student identifies himself through an authentication  
mechanism involving a username and password and the system then recognizes the 
student’s disability type based on information stored in his profile. The student selects 
his learning goals and an indication of the severity of his disability. The ADOOLES 
ontology which represents knowledge about the student and the learning resources 
and goals is queried and information is passed onto the information retrieval agent 
which makes inference and then presents information to the information translation 
and presentation agent. The outcome is learning resource presented to the student in a 
format that is compatible with his disability and also meets his learning needs. If a 
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student is visually impaired for instance, learning resources could be presented as 
audio or text and the text in the interface is also read out to the student through an 
inbuilt screen reader. 

It is noteworthy that ONTODAPS has an administrative interface where adminis-
trators could manage the learning of the students and upload learning resources, set-
ting up goals and also adding users to the system. There is also the possibility of a 
new user to register on the system and thence to manage their profile. 

3.4 Heuristic Evaluation of ONTODAPS 

Heuristic evaluation, fundamentally based on Nielsen’s ten heuristics [14], is a cost 
effective evaluation method used in finding problems with the design of a piece of 
software before its release. The aim of this is to fix the problems found before users 
can use the system. Heuristic evaluation can also be used to evaluate educational 
software and has been successfully employed to do this. 

Table 1. Heuristics used to evaluate ONTODAPS 

No Heuristic 
1 Ensures visibility of system status 
2 Provides match between the system and the real world 
3 Flexible enough to provide the user enough control and freedom 
4 Is consistent and follows common operating system standards 
5 Prevents errors 
6 Supports recognition rather than recall 
7 Supports flexibility and efficiency of use 
8 Uses aesthetic and minimalist design 
9 Helps users recognise, diagnose and recover from errors 
10 Provides help and documentation 
11 Has clear goals and objectives 
12 Context is meaningful to domain and learner 
13 Content clearly and multiply represented and multiply navigable 
14 Provides navigational fidelity 
15 Provides appropriate levels of learner control 
16 Supports personally significant approaches to learning 
 
We evaluated ONTODAPS after learning with software heuristics [16], also incor-

porating some educational design heuristics [15] in a similar manner to [1] and [5]. 
To heuristically evaluate ONTODAPS, we used ten experts in pedagogy at the Uni-
versity of Hull who had at least three years’ experience in evaluating educational 
software and in human-computer interaction. 

Before the evaluation, the experts were given a guide to ONTODAPS which was 
presented in three formats: audio, video and text format. The experts could choose the 
format they preferred. After going through the guide, they were asked to interact with 
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the system at least twice and then to perform specific tasks before evaluating the sys-
tem based on specific heuristics as shown in Table 1. 

3.5 Results of Heuristic Evaluation of ONTODAPS 

For each heuristic presented in Table 1, evaluators were asked to rate the software on 
a scale of 10. The mean scores for each heuristic obtained from the ten expert heuris-
tic evaluators are presented in Fig.2. 

 

 

Fig. 2. Results of heuristic evaluation of ONTODAPS 

Generally, ONTODAPS was seen to follow common operating system standards 
with its menus following platform standards. It provided appropriate levels of learner 
control by allowing learners to self-direct their learning through personalizing learn-
ing resources and allowing them to choose the format in which the resources are  
presented to them. Nevertheless, there were some usability problems in the area of 
system visibility status, needing much improvement in keeping users informed of 
what is going on through appropriate and timely feedback. Heuristic evaluation also 
helped find the need to fully grant keyboard only users access to the system by acti-
vating keyboard functionality. Thus, by carrying out a heuristic evaluation of the 
software, various usability problems categorized into major, minor and cosmetic 
problems were found and the system improved upon. By employing specific heuris-
tics suitable for educational software, we ensured that the evaluated system meets the 
standards of educational software and focusing on special educational needs, we also 
ensured that the software is fully inclusive, meeting the needs of disabled users. 
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4 Case Study: An Inquiry-Based C# Tutor 

The third case study was an Inquiry based tutoring system for C#. Inquiry based 
learning [7] aims to put the user as the centre of the learning process and through their 
exploration acquire, at their own pace, through their own efforts, and in their own 
language acquire the desired skills. The overall make of the tutoring system is heavily 
influenced by Anderson [2]. The novel thing in this case study is that the approach 
taken here was one of iterative refinement of the prototype. We engaged with the 
experts as soon as the first robust prototype was available. So instead of using heuris-
tic evaluation as an end evaluation technique, we embedded it into the very body of 
the development process. The target audience for the tutoring system was novice pro-
grammers but the aim was to get expert teachers evaluating the interface from the 
start. Every usability and learning problem found should be recorded and the violated 
heuristic found and given a severity rating scale. 

 
Severity Scale 
0) I don't agree that this is a usability problem at all 
1) Cosmetic problem only; need not be fixed unless extra time is available 
2) Minor usability problem; fixing this should be given low priority 
3) Major usability problem; important to fix; so should be given a high priority 
4) Usability catastrophe; imperative to fix before this product is released  

 
Once the usability errors have been found then the expert will need to go back 

through the C# tutorial to ascertain the extent of the problem by applying a scale [3]. 
 

Extensiveness Scale 
1) This is a single case 
2) This problem occurs in several places in the program 
3) This problem is widespread throughout the program  
 
The Heuristic evaluation proved to be successful and led to significant updates in 

the software at each iteration. When initially carrying out the evaluation it was be-
lieved that the software was almost at a stage of completion. Luckily the software 
evaluation was started early enough so from the feedback given, there was enough 
time for a significant amount of updates to take place. 

An alpha study was carried out using PhD students which led to initial important 
modifications. The updated software was then sent to seven experts (who have at least 
5 years teaching programming experience), in order to carry out the heuristic evalua-
tion. After four evaluators replied, the collated results were extremely interesting and 
found some issues that had not been considered in the development of the project. The 
experts really tested the extremities of the program by not following set paths or read-
ing the instructions: - an oversight which had been taken for granted. From the feed-
back given it led to more software updates to try and improve the system based on the 
comments provided.  
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This led to the completion of prototype 6. This version was then sent out to the 
same seven evaluators asking if they had time to carry out a heuristic evaluation on 
the current prototype. One of the evaluators responded promptly and their feedback 
pointed out some fundamental issues which needed to be dealt with immediately. The 
updates were duly carried out and led to the completion of prototype 7. This prototype 
was sent to five of the evaluators who had already been sent the previous versions  
and a new external (to the University) evaluator who also has had at least 5 years 
experience teaching programming. Thus heuristic evaluation informed an iterating 
evolution of prototypes. Some experts commented on a single version but others were 
involved over the whole process and were able to give insights into the evolution of 
the whole. Heuristic evaluation provided a key role in a rolling evolution of a soft-
ware project. 

 
To summarise the changes heuristic evaluation made overall for this process im-

portant revisions were made as follows: 

• Important HCI navigational changes 
• HCI Conformity and Consistency Changes 
• Important Changes to Wording 
• Updates to Pedagogic Issues 
• Tutorial Learning Content 

5 Evaluation, Discussion and Conclusion 

The paper has considered some of the practical concerns about evaluation methods 
and techniques for educational software. It is not our intention to find a substitute for 
classical empirical studies. In an ideal world it would be great to be able to run full 
empirical evaluations of our target software using large numbers of subjects in a bal-
ance empirical design. Indeed this assumes that sufficient numbers of suitable users 
are available. The design of these studies is not a trivial task in addition to pragmatic 
issues. In the rapidly changing world of computing, technology functionality, interac-
tion model, and the continuing evolution of the affordances of the technology, we 
need to evaluate the artifacts that we create. Indeed the emergence of things like ubi-
comp (Ubiquitous Computing, [18]) and how we interact with technology may well 
be on the move and we need a way of evaluating the effectiveness as we move to new 
delivery surfaces. Thus a quick and light touch way of being able to evaluate the pe-
dagogical software is a timely thing. As time is an essence heuristic evaluation has 
here provided us with a way to answer these questions. We saw how this could be 
done in Case Studies 1 and 2 as a way of evaluating the pedagogic tool that was pro-
duced at the end of the project. Case Study 3 does demonstrate how it can be used 
actively to drive the very design process so that the output of the expert study feeds 
directly into the next generation of prototype, demonstrating how this approach could 
be deployed in a fast changing interface design. 

There has been criticism in the past that heuristic evaluation just tests the opinion 
of those who are carrying out the evaluation [12]. It may not actually spot any real 
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interface issues or problems, but just instead the preferences of the experts employed. 
Care has been taken in all these studies to choose experienced computer scientists in 
all these, students who we hope can be relied on to make expert judgement about HCI 
and pedagogy judgments. Indeed all three of the studies took place in a university 
context so the experts were in a position to comment on their effectiveness. Further-
more the use of the set series of questions [16] would act to focus the dialog onto the 
matter in hand. 

Another issue that raised concerns was false alarm – where the expert identifies an 
interface issue which is actually of no concern to the user. Now it can be argued that 
false alarms are actually good things if it leads to more rigorous testing and investiga-
tion. As the audiences for online courses increases so may the range of users – possi-
bly cutting down on false alarms by increasing varieties of behaviour. 

One area that we are currently keen to compute is to compare our results that we 
have got from these quick and light evaluations with the types of results that would be 
obtained from a traditional empirical evaluation in the context of pedagogically moti-
vated software (as opposed to more generally in HCI, e.g. [6]. We are currently in the 
process of designing and running such a study for Case Study 2 to see how closely 
these two results match or otherwise.  

The move to learning online and therefore by computer mediated means we are ac-
celerating even at the time of writing. In the past year or so we have seen a vast ex-
plosion in the use of MOOCs (Multiple Open Online Communities). These are now 
offered by a very large number of universities from all over the world offering 
courses, where student numbers are measured in their 100 000s, offering distance 
education for users in many different countries. Now trying to evaluate these systems, 
based on student experience, would present a problem, both due to the logistics of 
organising a multi-continent study, but also of issues of the extremely variable skill 
sets/life experiences of those who sign up for such courses. Anyone can sign up irres-
pective of whether these courses are appropriate given their study level. Thus any 
study would have to work who was being evaluated, how they were doing their study, 
and balance for such things in any study undertaken. However to extend the approach 
taken here will be an appropriate use of our light weight pedagogical evaluation de-
veloped here. Rather than casting around in the wide diaspora of users instead we can 
focus on the education material itself and carry out the evaluation by heuristic evalua-
tion using a college of experts. Thus heuristic evaluation of pedagogic software has 
the potential to allow us to evaluate brand new ways of learning. 
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Abstract. Narrative research is started to be used in educational context recent-
ly. This article focuses on a discussion of the reasons for choosing narrative re-
search approach in discovering the experiences of social media usage in higher 
education. Moreover, the preliminary information of ongoing study is provided. 
The authors use this method to convey their experiences about using social me-
dia for supporting their teaching and learning outside the classroom. The in-
creasing trend in social media usage among new generations is being used as  
an advantage to interact and communicate with students in ‘their way’.  

Keywords: narrative, narrative research, social media, collaboration, learning, 
storytelling. 

1 Introduction 

Once upon a time there was no social media support in education whereas these days 
there is a torrent of using technology and social media in higher education with the 
trend of increased usage of mobile devices, tablets and games among learners. Use of 
technology from younger ages challenges traditional teaching and learning approach-
es, where students seem reluctant to read books and write reports even not motivated 
to participate in the classroom. These changes necessitate efficient use of computers 
and communication technologies in education. Thus, the social media which already 
entered in student lives should be injected in the educational environments for effi-
cient and demanding daily use. In this way surfing, sharing, and networking facilities 
of social media may be used more intensely for educational purpose. These will also 
support the innovative constructivist, active and social learning strategies. 

One of the authors has been using social media in various courses since 2007 while 
the other one 2008 onwards. This paper is a narrative account of their experience. A 
brief review of social media usage in education domain is being introduced in sections 
2-3 together with a literature review focused more on narrative research. The frame of 
this study in terms of the reason for selecting narrative and the methodology followed 
is taken up in subsequent sections. Since it is an ongoing study, in this paper it is 
aimed to discuss the narrative research and the reasons for using it, the findings of the 
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research study will be provided in another work. Conclusions are drawn at the end 
and suggestions are offered.  

2 History of Social Media Usage 

Social media and social networking are the communication tools/technologies where 
people interact for sharing information and having discussions in addition to exchang-
ing content. “They appear in many forms including blogs and microblogs, forums and 
message boards, social networks, wikis, virtual worlds, social bookmarking, tagging 
and news, writing communities, digital storytelling and scrapbooking, and data, con-
tent, image and video sharing, podcast portals, and collective intelligence” [1]. These 
different forms of social media enable virtual practice of interaction. Research results 
revealed that, mostly for first year students, interactive media creates an opportunity 
to collaborate with their peers and faculty members [2]. Social media such as Face-
book, Twitter, YouTube and Wikipedia are widely held emerging technologies within 
young generation. 

Summarizing the history of social media is beneficial to see how it was drawn and 
how it is now. ‘Friends Reunited’ is stated as the first online social media founded in 
Great Britain by year 1999, followed by ‘Friendster’ (2002), ‘MySpace’ (2003) and 
‘Facebook’ (2004) in USA [1]. Open membership was allowed for everyone in Face-
book (2006), where the number of users around the globe hit 200 million in 2009 and 
recently 1.11 billion in 2013. In addition, Australian survey results claim that 13 per-
cent of social media users were logged on at school. 

3 Social Media for Education 

Many research and practices investigate the use social media as an extension to class 
learning environment [4], [5]. Even some universities, such as Victoria University in 
Australia, created their own social networks for students and prepared best practice 
guidelines for the use of social media for faculty members’ use. Victoria University 
Social Media Registry [6] shows that they allow institutional social media tools for 
some purposes, such as record keeping of student participation for assessment, creat-
ing “authenticated, equitable, secure, accessible and safe” virtual environment for 
students.  

There are many researches which claim the use of social media by the students for 
educational purposes. However, some other research [2] shows that higher education 
students significantly prefer use of social media for social purposes than academic 
purposes. A similar study conducted by student researchers in New Hampshire  
show that 96% of students use Facebook where majority of students use it for social 
(89%) and entertainment (79%) where educational (26%) and professional (16%) use 
is less [7]. 

Another remarkable research is the use of blogs in Taiwan [5] where pre-service 
teachers doing master’s degree were investigated. Outcomes of this study, in terms of 
pre-service teachers’ professional development on the blogs, the difficulties they have 
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encountered, problem solving strategies employed, and the students’ perception of 
blogging were documented. The results have showed that blogging helped pre-service 
teachers to share their reflections of theories and practices, besides developing online 
interaction with the readers with active engagement. 

Social media offers many opportunities for the higher education faculty members 
as well as learners. According to a recent research, it is found that nearly 90% of fa-
culty members have been using social media for the courses they teach and for their 
professional development outside the class [8]. They also reported that there are no 
major differences between different groups (online teaching, tenure status, full-time, 
etc.) of faculty members in social media usage. 

Besides using popular social media sites such as Facebook, Twitter, YouTube and 
Wikipedia, users create their own social websites and social networks for specific 
interest groups. For example Ning, Netlog, Weebly and Xing networks can all be used 
both in social life and as an educational learning environment. By being aware of 
these opportunities, higher education students may wish their faculty members to 
adopt such new educational opportunities in their teaching. 

Since there is an increasing trend in social media use, the authors of this work ex-
perimented with using this as an advantage to interact and communicate with their 
students in ‘their way’ outside the classroom. As mentioned above, the authors have 
started using social media to support the teaching and learning in classes since 2008.  

The aim of this study is to create a framework to narrate positive and negative ex-
periences of two higher education faculty members in using social media; pros and 
cons of using social media are offered from the faculty perspective. The narrative 
research was adopted to discover both personal life experiences. In other words, both 
narrators tell their stories regarding the use of social media in higher education.  
This is ongoing study, so in this paper only the groundwork of the research process is 
provided. 

4 The Narrative 

A synonym of the term ‘narrative’ is ‘story’ or ‘history’. Narrative is defined [9] as “a 
vital human activity which structures experience and gives it meaning”. The process 
and the product features of narrative and the mode of inquiry differentiate them from 
each other. Narrative can be seen as a way of structuring and organizing new expe-
riences and knowledge by constructing knowledge and making it more learnable [10]. 

Studying narrative is a way of studying the ways humans experience the world 
[11]. There cannot be any person who does not have narratives [12]. Whereas [13] 
argues that life itself could be seen as a narrative that consists of many other stories. 
Narrative research is gradually used in studies of education. Teachers and learners  
are the main touchstone in education and they are the storytellers ‘in their own and 
other’s stories’ [11]. 

Narrative inquiry is both a phenomenon and a method where people tell their sto-
ries; narrative researchers explain such experiences by collecting stories and writing 
narratives of them [11]. Narrative inquiry provides an opportunity to the researcher 
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access to the personal experiences of the participant, the storyteller. Storyteller speaks 
and declares life as experiences in a narrative form that is called story [9]. Thus, the 
researcher has an opportunity to study the subjects in their natural setting and under-
stand the behavior, actions and feelings in a whole context. 

5 The Reason and Context for Using Narrative  

Usually narrative research is used in such diverse domains as sociology, anthropolo-
gy, history, nursing, psychology, and communication studies [14]. Recently narrative 
research has been used in educational practices, especially in exploring experiences of 
teachers’ and students’ lives. However, there is not that much research conducted on 
the use of Web 2.0 technologies, and Social media by faculty members and their life 
stories.  

We believe that while there is an intensive use of Web 2.0 and social media in edu-
cation especially in higher education, there is a need to discover and understand lec-
turers’ stories regarding integration of social media into their way of teaching and 
their students learning outside the classroom walls. One such research conducted [15] 
aimed to understand faculty reflections during the process of adapting digital technol-
ogies by listening to their life stories. 

We the authors of this paper, and narrators, have had positive and negative expe-
riences, and in some good and bad examples in practice. However, we wanted to 
bring a different point of view and carry out personal experiences in different social 
and disciplinary settings through a longer timeframe. We wanted to better understand 
our experiences and attitudes as faculty, behaviors to social media by telling our own 
stories. We chose storytelling because we believed that by doing so our colleagues 
and even we as storytellers may better learn pros and cons of using social media in 
higher education. Telling and hearing our own and each other’s stories which are self-
reflections of experiences may help to estimate our weaknesses. As [14] mentions, 
narrating may also engage and convince the readers. Indeed, some people prefer lis-
tening to storytelling for better learning. Thus, you will read our stories straight from 
us; not in the way other researchers molded it [16], exempted from intervention of 
other professionals [17]. 

6 Methodology 

The purpose of this study can be identified with the following research questions:  

• How do social media get used in higher education to support learning? 
• What kinds of problems are faced while using social media in higher education?  

This study is a qualitative research study that used narrative research as a strategy 
of inquiry. The qualitative research enables the researcher to reach detailed data in its 
natural setting and since it is interpretative it gives an opportunity to the researcher to 
interpret the data. It also focuses on participant’s experiences and ideas [18]. As a 
strategy of inquiry, a narrative research aims at understating “the outcome of interpre-
tation rather than explanations” by providing an opportunity to gather data from real 
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life and lived experiences [9]. Narratives are related with life stories. [13] defines “a 
narrative is a story that tells a sequence of events that is significant for the narrator or 
audience or her or his audience” (p.60). Narrative research gives us stories about lived 
experiences that are not forgotten and the way of experiencing them [13]. In our case, 
the narrative approach highlighted the way that we integrated the social media into 
our courses as an educational tool outside the classroom.  

Storytelling method was used to collect data in this study which includes the sto-
ries of two higher education faculty members who have been using social media as an 
educational tool in their teacher education since 2008 and information technology 
courses since 2007. The stories are about participants’ use of social media in support-
ing their teaching. Stories explained how and why the participants started to use social 
media, the aims of using social media, the ways of using it. Moreover, the causes of 
using social media and the difficulties experienced, pros and cons of using social 
media in educational setting are all told.  

In this study we have told our individual stories, which included our detailed expe-
riences of what is done, how it is done, why it is done and our point of views. In the 
analysis we re-read our stories and reorganized them regarding to the aim of the re-
search. In other words, the participant’s stories [19] were restoried.  

In narrative study, the cases that told their stories are a typical rather than repre-
sentative of population [20]. We believed that since participants and researchers are 
the same persons so the bias is more or less disappeared from the aspect of researcher. 
There was not a direct interview so at the first hand there was no direct interaction 
with the researcher and participant.  

Validity of the research was ensured as follows: 

•  After restorying the stories of others we took them back to story owner in order to 
confirm accuracy. 

• We used ‘peer debriefing to enhance the accuracy of account’, [18] (p.196) 
• Actions and applications that were done through the social media was controlled 

and compared with the stories.  

Moreover, since the narrative inquiry provides an opportunity to researcher and 
participant work collaboratively in understanding behavior and discovering explana-
tions, validity of the participant may be obtained [21].  

7 Findings and Discussion 

The aim of this research study is to understand and share the experiences of two uni-
versity faculty members integrating social media into their courses. Since this is an 
ongoing study we may only provide preliminary findings and information regarding 
to the research results. The preliminary findings of the research show that both narra-
tors have started to use social media in order to provide students an opportunity to 
connect and interact with their peers and lecturer outside the classroom. Another rea-
son both the participants preferred to use specific social media is that they believed 
that their students use this social media very commonly for socialization with their 
friends. The instructors wanted to take advantage of this fact for their courses. Fur-
thermore, they aimed to motivate students with different learning styles to participate 



 The Experiences of Social Media Support in Higher Education 41 

 

in course related activities online for some might prefer virtual learning environments. 
However, one of the participants stated that “unfortunately, there are still students 
who do not participate even in Facebook group”. 

8 Conclusion 

Social media is one of the important communication technologies that new generation 
students use commonly in communicating with their friends in their social life. They are 
using this technology very commonly within their daily life for socialization. Since they 
spend a long time with this technology it might be beneficial to use it in lessons in order 
to enhance teaching and learning in the classroom. The participants of this research 
study shared their experiences in using social media as part of their course work. 

With this research study it is aimed to understand the difference and similarities in 
social media usage from different points of view of faculty members. Moreover, this 
paper is expected to review the narrative research and its applicability in technology 
enhanced learning. The results of this study will enlighten various types of using so-
cial media, weaknesses of using it, solutions to strengthen the use of social media as 
an educational tool in higher education rising from the recorded stories of two faculty 
members. The real stories that took place may help or guide the others who are will-
ing to go through the process of preparing and using social media learning spaces as 
educational environments.  

Moreover, the studying of life stories of researchers encourages self-reflection 
which should help participant researchers in understanding their weaknesses of the 
use of social media for learning purposes, so develop a refined strategy for future 
application and even may decide that they may need support. Since two researchers 
who are also participants working collaboratively, their active, collaborative and en-
gaged participation to the research in constructing stories of past experiences may 
help them to develop new experiences. 

We wanted to share our personal experience stories with academia with the belief 
in storytelling. Having in mind that, as [14] points out, we can engage and convince 
the readers to for experiencing innovative use of social media in education. Emphasiz-
ing that narrative applications are extended “beyond lived experience and worlds 
‘behind’ the author” moving towards “human interaction in relationship” [14] (p.392). 
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Abstract. This paper describes a methodology for the development of a didac-
tic installation intended to explore the spatial, volumetric and formal relation-
ships that, being present in any architectural work, are basic to understand the 
compositive and stylistic aspects that define some historical key buildings as 
paradigms of the history of Architecture. Such an exploration can only be done 
by providing the user with the ability to inspect the exterior and interior spaces 
from all angles and distances and perform cross-sections through any meaning-
ful plane.  

One of the main challenges of that kind of interactive visualization resides in 
the geometrical complexity that is present in many historical examples, espe-
cially if there is a certain level of detail involved. The use of forms of illumina-
tion that reproduce indirect lighting and diffuse reflection, which are needed to 
properly simulate many interior  lighting conditions also increments the diffi-
culty to achieve a fluent simulation. Hence, one of the issues to solve is that of 
applying a methodology intended to maximize the efficiency of the model in 
terms of rendering computational cost.  

The authors chose the Cathedral of Santiago de Compostela as a case of ap-
plication. The temple was modeled with a high level of geometrical detail and 
lit using global illumination, creating a model valid for real-time presentation in 
order to be examined, explored and manipulated using natural interaction.  

Keywords: Real-time architectural visualization, Multitactile interaction,  
Natural Interfaces, Cross-section, Cathedral of Santiago, Radiosity. 

1 Introduction 

The techniques used in architectural visualization have always been linked to the 
historical, technical and cultural moment in which they develop. The great paradigm 
shift in the techniques of architectural representation which took place in the late 
eighties was enabled by the development of Computer Aided Design. The develop-
ment of these new systems allowed an evolution from the classical representation 
modes based in plans, elevations and cross-sections, perspectives and physical models 
to a new, more complete, three dimensional form existing in virtual space which can 
provide almost unlimited views of a design. 
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There is little doubt of the excellent visual quality of renderings and animations 
which can be achieved from a three dimensional model of a building. Rendering algo-
rithms allow the modeler to attain a level of hyperrealism so that the digital image can 
be indistinguishable from the real.  

In recent years, many experiences can be found that make use of visualization 
software such as Lumión [1], WorldViz [2] and videogame engines such as UDK [3 
4, 5, and 6], Unity [7, 8] o CryEngine [9, 10] which provide with high visual quality 
and the capability of making architectural walkthroughs in the interior space of a 
building.  

On the other hand, several authors have worked on navigation and camera control 
using multitouch interaction for three-dimensional user interfaces [11, 12, 13, and 14] 

Additionally, there are several examples of software that permits users to make 
single cross-sections interactively on 3D models, such as Sketchup [15, 16] or Con-
structor SDK [17, 18] inside a CAD editor. 

This paper presents a combination of the aforementioned features, in an application 
suitable to perform the spatial, volumetric, and sectional analysis of any building. 
Being especially suitable for complex historical buildings such as the case presented 
of the Cathedral of Santiago de Compostela by means of a natural interaction scheme 
implemented on a multitouch device that makes use of common gestures to interac-
tively manipulate, examine and cross-section the model.   

The analysis of the architectural form is a process that surpasses the simple con-
templation of the building since it involves semantic factors which define the compo-
sition of the built object. Mass, space and function blend together materializing  
constructive elements which have relations that have to be understood to obtain an 
adequate interpretation of the building. 

In all times, Architecture has searched for formal solutions that could satisfy the 
formal requirements of the building, adhering to the structural and constructive limita-
tions of the techniques of its time by means of invention and design. The form of the 
building and its components then emerge from a mix of the techniques and aesthetics 
of a precise historical and cultural moment which defines a style.  

The Cathedral of Santiago de Compostela constitutes a good example of the con-
currence of stylistic features from different epochs living together. The initial Roma-
nesque layout, frequently used as a paradigm to describe the characteristics of this 
style, was modified throughout the centuries with multiple additions and refurbish-
ments. Those changes transformed parts and added new elements, sometimes in a 
subtle manner but sometimes in a spectacular way, like in the case of the façade of 
Obradoiro, designed by architect Casas y Novoa in mid-18th century.    

The making of a digital model of a building intended to permit and interactive ex-
amination for such a formal analysis requires consequently the recreation of each and 
every constituent element with a level of detail adequate to a correct and complete 
visual description. 

It is well known that the creation of a digital model for real time interactive visua-
lization needs to fulfill very hard requisites in the making of the model in order to 
obtain a highly efficient geometry in terms of visual information versus rendering 
time. In this sense, the presence of geometry very profuse of elements to be 
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represented constitutes a major obstacle for computational efficiency. This is especial-
ly true if the model has to display computer costly visual features that are considered 
important such as projected shadows and diffuse illumination   

The following lines will explain the criteria and methodology used in this case. 

2 Objectives 

The main goal of this work is to obtain a methodology to develop virtual models of 
complex historical buildings for their architectural analysis using natural interaction 
techniques. Such models should fulfill the following requirements: 

• The model should be manipulated by means of rotation, zoom to any of its ele-
ments, and interactive cross-section through any horizontal, transverse or longitu-
dinal plane. 

• The virtual reconstruction should reflect faithfully the geometry of the building in 
its architectonical aspects to preserve the formal accuracy. Simplifications should 
be avoided in all constructive elements and the use of techniques of emulation of 
geometry with the use of textures would not be permitted. Only sculptural elements 
should be allowed to be substituted by a simpler equivalent.  

• Visual quality should be high enough to guarantee the presence of cast shadows 
and diffuse lighting effects. 

• The model could be handled using natural interaction criteria. 
• Only architectural shapes would be reproduced. Non-architectural elements such as 

sculptures, furniture, etc. could be simplified or discarded. The reconstruction 
would be limited to the main temple, excluding the museum, crypt, and the side 
chapel of Corticela. 

3 Methodology 

3.1 Project Design  

The fulfillment of the aforementioned objectives imposed strong restrictions to obtain 
a highly efficient model, in spite of its geometrical complexity, that could be interac-
tively manipulated using a common personal computer. 

Global illumination was a necessary requisite to visualize adequately both the 
nuances of the volumes in shadow areas and the diffuse illumination of the interior. 
As of today, the calculation of global illumination in real time is something out of the 
capacities of the common computers. Although there are interesting works [19] in this 
direction, the characteristics of this case made necessary to utilize an approach based 
on the pre- calculation of the illumination. Current technologies implement this ap-
proach assigning a light map to each of the model’s surfaces. However, the expected 
complexity of the model did not permit a solution of this kind due to the high number 
of texture files needed and the amount of memory required to host them within an 
acceptable resolution range.  
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Nevertheless, the high level of polygonalization of the model is just a concept af-
fine to one of the algorithms used to calculate global illumination: the progressive 
refinement radiosity. This approach, although is not frequently used today in standard 
visualization software, permits to obtain and store illumination data in the vertices of 
a secondary mesh which is associated to the model, called energetic mesh.  The cal-
culation and further use of distinct energetic meshes on the interior and the exterior 
would allow combining two very dissimilar lighting states which correspond to the 
interior, lit with artificial light and the exterior, lit with solar light. 

In order to permit the inspection of the spatial structure of the temple and the rela-
tions between inner and outer spaces, the application incorporates an interactive 
cross-sectioning system along three orthogonal axis, allowing the user to obtain any 
combination of longitudinal, transversal or horizontal section. This system coordi-
nates with a natural interaction model based in the zoom, pan and rotate actions that 
can be found today in many multitouch device applications. 

3.2 Documentation  

The information needed to build the digital model was extracted from existing publica-
tions related to the planimetry of the temple [20, 21, 22], together with high resolution 
photographic documentation made specifically for this project. The final application 
also includes a mechanism to access those images.   

3.3 Modelling 

The model was made using AutoCAD, praying special attention in the architectural 
formal syntax for the creation of all of its elements, and attending to the stylistic rules 
of generation of every shape, that is, considering a column for instance, as the sum of 
base, shaft and capital, not as the simple replica of a solid volume of given dimen-
sions. This approach permitted the generation of many reusable elements and the 
enhancement of the regularity, modulation and canonic appearance of the temple.  

3.4 Illumination 

The calculation of the global illumination was made using Lightscape, a software 
capable to generate a radiosity energetic mesh where every vertex stores an illumina-
tion value. The calculation used the progressive refinement radiosity approach, that is, 
the subdivision of each and every surface in smaller parts. The quantity of subdivi-
sions is based on the gradient of illumination along the surface. Here is where the 
complexity of the model played favorably for the calculation, since the presence of 
the myriad of small elements that constitute every part of the model permitted that, in 
most cases, the surface subdivision could be very small or null. 

The final radiosity mesh finally contained 3.8 million polygons for the exterior 
model and 2.1 million polygons for the interior, resulting a subdivision ratio with 
respect to the original meshes of 4.7 and 8.0. That is a result well under the common 
ratios which result from the application of this technique. Thus, similar visual results 
are obtained with significantly less computational cost. 
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Fig. 1. External view: main façade 

 

Fig. 2. External view: Northwest façade 

By means of this method, the illumination obtained displays adequately the diffuse 
reflection of light, both in the interior and in the shadow areas of the exterior. The 
contour of the shape of the cast shadows is also shown correctly. 
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Radiosity meshes were imported in 3DS Max and processed to be exported in OSG 
format using the corresponding plug-in after the application of LSColor, LSMesh and 
VertexColor modifiers. 

3.5 Interactive Application 

3.5.1   Engine 
The model of the cathedral can be examined using an application developed ad hoc. 
Real-time rendering is done by means of Open Scene Graph graphic engine [23], 
based on the OpenGL standard. 

Since the radiosity mesh stores the illumination in all of its vertices, there is no 
need of further lighting calculation during the real-time rendering. Hence, standard 
lighting can be deactivated with an enormous saving in rendering time, critical for the 
real-time visualization of a model of this complexity. 

Colors among vertices are calculated by bilinear interpolation of the vertices values 
using Gouraud shading [24], hence avoiding abrupt illumination changes which could 
produce visual artifacts. 

3.5.2   Cross-Section Planes 
The cross section effect is done by using two planes in every axis which divide the 
space of the scene discarding the geometry located in the direction of one of its nor-
mal vectors  

Since all surfaces in the models are polygons without any topological relation 
among them, it is extremely complex to obtain the surface of the cross section of the 
building through a given plane in real time. Instead of calculating this cross section, 
 

 

Fig. 3. Combined longitudinal and transversal cross sections with interactor axes in green  
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Fig. 4. Combined horizontal and longitudinal sections and interactor axes 

 

Fig. 5. Double plane transversal cross-section 

we used a much simpler approach consisting in applying a flat black color to every 
visible backface of a polygon. This way, the space between the interior and the exte-
rior models becomes black revealing the shape of cross-section through the desired 
plane very clearly. 
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3.5.3   Movement 
Architectural visualization requires interfaces with which both common and specialist 
users can examine every view of the model, from a close detail to a general view.   

In order to achieve this goal, the application implements multitactile display tech-
nology. It allows exploring the building using a gesture tracking paradigm closely 
related to that used in smartphones and other devices. One touch gesture controls the 
panning and two touch gestures control zoom-in, zoom-out, view orientation and 
pitch. User can also define the location of the section planes by sliding his or her fin-
ger along the representation of the XYZ axes. 

 

Fig. 6. User interacting with the application using hand-gestures 

 

Fig. 7. Gesture based controls of the application 

4 Results 

The result of this work was an installation that accomplished all objectives and be-
came part of the Loci Iacobi exhibition in Santiago de Compostela. 

The resulting model is adequate for the architectural formal analysis both for the 
non-expert user, who could be only interested in general aspects of the architecture of 
the cathedral, and for the expert and the specialist, who can analyze the temple using 
this formally rigorous virtual model.  
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This digital model also constitutes another new source of documentation of this 
Romanesque building, which has been developed and can be reused in those CAD 
working environments that are commonly utilized in the making of architectural pla-
nimetric documentation. 

5 Conclusions 

This paper investigates the use of progressive refinement radiosity, combined with the 
use of highly geometrically detailed models. The methodology explained here allows 
obtaining highly efficient models, which can be used in real time with the realism 
provided by global illumination. 

The application of natural interaction and gesture based criteria; combined with 
such a representation constitutes a very efficient tool for the inspection, and analysis 
of historical buildings in a fluent and intuitive way. 

The use of these types of tools can be of great support in the study of the history of 
Architecture, and for the comprehension of architectural compositive concepts since it 
provides a unique experience in the examination of the building, being especially 
helpful for the volumetrical, spatial and formal analysis.  
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Abstract. This paper explores the potentials of a new type of pedagogical agent 
– a Challenger Teachable Agent. The aim of such a pedagogical agent is to in-
crease engagement and motivation, and challenge students into deeper learning 
and metacognitive reasoning. It is based on the successful implementation of 
the Learning by Teaching approach in Teacheable Agents, and in addition it 
draws on previous work that has shown the potential of resistance or challenge 
as means to improve learning. In this paper we discuss how these two bases can 
be combined and realized through new types of behaviours in a Teachable 
Agent. 

Keywords: teachable agents, challenging agents, self-efficacy, educational 
technology.  

1 Introduction 

More than 2000 years ago Seneca the Younger wrote dicendo discimus, which is latin 
for “by teaching, we learn”, in a letter to Lucilius. Thus, the idea that one learns by 
teaching someone else has been around for a long time. In more recent years this idea 
has been realized in pedagogical approaches in classrooms. Studies have shown many 
advantages of the Learning by Teaching (LBT) approach, for instance, that people 
who learn in order to teach others to pass a test learn better than those who learn in 
order to pass the test themselves (Bargh & Schul, 1980). 

There are many aspects of LBT that contribute to improved learning. Leelawong 
and Biswas (2008) mentions structuring, taking responsibility and reflecting. To be 
able to present and explain a material to someone else, the teacher needs to be respon-
sible for what material to include and for the structuring of it. Leelawong and Biswas 
(ibid) showed that doing this leads to a deeper understanding of the material and bet-
ter organization of ideas. Schneider (2008) also showed that meta-memory functions 
are supported and trained when the teacher is checking whether s/he has a sufficient 
understanding of the material to be able to explain it to others. Thus there are many 
advantages concerning the preparation phase of teaching. When moving on to the 
phase of actual teaching, other mechanisms come into play, for example what Leela-
wong and Biswas (ibid) refer to as reflection, that the teacher ponders on how the 
information presented was understood and used. The teacher has to compare his or 
her expectations with the actual outcome, to see if there is material that needs to be 



54 C. Kirkegaard, A. Gulz, and A. Silvervarg 

 

explained in a different or more elaborate way. This may also lead to the teacher re-
flecting on his or her own understanding of the material and perhaps the teacher must 
revise his or her own ideas of the domain. Chin et al. (2010) describe how the three 
phases of teaching, result and repair, are repeated and how that results in a self-
regulated learning cycle for the teacher. 

In other words, the pedagogy of LBT can be powerful and involve several kinds of 
benefits. However, to implement fruitful LBT situations is not unproblematic. For 
example, when students teach other students, some students may find it hard to take a 
teacher role since they are not so knowledgeable or do not believe sufficiently in their 
own knowledge and competence. Also, if a student does a poor job as a teacher the 
students being taught are negatively affected. Moving to the digital arena is a way to 
keep the benefits of LBT and at the same time avoid the mentioned drawbacks.  

The LBT approach can be implemented in virtual learning environments where the 
real student teaches a digital tutee, often referred to as a Teachable Agent (TA). AI 
techniques guide the TA’s behaviour based on what it is taught (Brophy et al., 1999). 
This makes it possible for every student to have his or her own tutee to be a teacher 
for, and if the student fails at teaching no real person comes to harm. It is also possi-
ble to match the agent’s knowledge to the level of the student to provide a reasonable 
challenge. The digitalization also adds the possibility to introduce game characteris-
tics and other variables to support learning processes and emotional and motivational 
aspects. A further advantage with a digital learning environment is that it makes it 
possible to reach a larger audience.  

More details on teachable agents and the benefits of using them are provided in the 
next section. The reminder on the paper then explores the idea of a new type of teach-
able agent, a Challenging Teachable Agent (CTA). We present some current ideas of 
why challenging behaviour of pedagogical agents is desirable, and how this can be 
integrated with teachable agents. Finally we give some examples from ongoing work 
with implementation of a challenging teachable agent in a virtual learning environ-
ment for history. 

2 Teachable Agents 

There are many learning environments that make use of pedagogical agents, but most 
of these are tutors, i.e. the agent is the expert teacher. A teachable agent is the total 
opposite, an agent that is to be taught by the student. The teachable agent therefore 
should exhibit a behaviour that invites and motivates the user to teach. In this section 
we present results from studies that illustrate the positive effects teachable agents can 
have on motivation and also other aspects of learning, such as metacognition. 

2.1 Motivation and Effort 

Effort is an essential aspect when aiming for more and deeper learning. Students often 
prefer pedagogical methods that results in surface learning, since deep learning  
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requires more effort and it is more hard work (D´Mello et al., 2012). To aid the learn-
ing process, the student therefore needs to be motivated to make more effort and to 
strategically direct that effort.  

In the LBT domain a central motivational factor that is often mentioned with re-
spect to TAs is the protégée effect; i.e. “students make greater effort to learn for their 
TAs than they do for themselves” (s. 2). This effect was shown in a study where the 
alternatives were to either learn a material for a future test or to teach a TA (Chase  
et al., 2009).  

According to Chase et al. (ibid) the protégée effect is attributed to a synergy of dif-
ferent contributing effects: i) ego-protective buffer, which means that a possible fail-
ure would be assigned to the TA, and not the student directly, thereby reducing failure 
anxiety in the student. ii) responsibility, in that the student treat his or her TA as a 
social entity and shows concern and responsibility for its academic success. By taking 
that responsibility the student is motivated to revisit learning material, rethink his or 
her own understanding and try to come up with new and better ways of helping the 
TA to understand the material. iii) incrementalist theory. To world as a teacher, the 
student appear to accept the idea of incremental knowledge, i.e. that TAs could per-
form academically better after being taught by the student. 

2.2 Metacognitive Reasoning 

One way to reach deeper learning is to increase metacognitive reasoning in the stu-
dent. To stimulate metacognitive reasoning, we need to raise the students’ awareness 
of the causality between learning choices and the results of those choices. This can be 
illustrated using teachable agents since the choices made during teaching of the agent 
are reflected in the understanding and knowledge the agent has as a result. In this way 
the learning process is made more visible. The positive effects do not appear only 
when the digital learning environment is being used, but also in transfer situations 
(Schwartz & Martin, 2006). 

Letting students work with a TA that expresses its metacognitive reasoning, might 
stimulate the student to incorporate some of the learning strategies on herself. This 
was termed metacognition by proxy and was showed to be successful by Chin et al. 
(2010).  

A learning environment could further aid the metacognitive processes by giving 
the students directions and letting the TA be a model of “productive learning behav-
iour” (Blair et al., 2007). This could be realized by designing a TA that demonstrates 
useful learning strategies, in addition to direct instructions from the TA or learning 
environment. A student that has a higher level of awareness for the causality between 
learning choices and their result, i.e. metacognition about learning strategies, will 
have a higher ability to take responsibility and further on direct effort strategically in 
his or her learning process. 
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3 The Power of Challenge 

It can be tiresome and boring to interact with an agent that is always positive, compli-
ant and cheerful – and such agents are weak in believability (Cassell & Thórisson, 
1999). The TAs developed so far does not have much of a personality and usually 
accept all information provided by their teacher without questioning it. Although one 
of the seminal papers on TAs, (Brophy et al., 1999), proposed an agent that “may be 
impetuous, not listen or collaborate well”, this has to our knowledge hitherto never 
been realized nor evaluated. In this section we explore positive aspects of agents that 
do not collaborate well but rather challenge the user in different ways, and other as-
pects of challenges during learning. 

There have been approaches to experiment with characteristics as impetuousness 
within related fields with other types of pedagogical agents. Within the area of peer 
learning, Aïmeur et al (1997) describe a troublemaker agent in a virtual learning envi-
ronment that also includes a tutor agent. The troublemaker peer may suggest a correct 
or faulty solution and ask the student if she agrees or not. If the student does not 
agree, the troublemaker will debate about its solution until the student either agrees or 
the troublemaker runs out of arguments. If the student agrees, the troublemaker solu-
tion will be presented to the tutor for feedback. In a study conducted by Frasson and 
Aïmeur (1999), it was found that the use of the troublemaker agent “encourages the 
learner to question his own knowledge" and thereby motivates the learner. However, 
the troublemaker agent and the teaching strategy “learning by disturbing” implied 
academic improvement primarily for high achieving students.  

The learning by disturbing teaching strategy basically uses the intrinsic motivation 
that comes from not understanding each other, which sometimes, can be just what is 
needed. Dissonance theory proposes that when an individual experiences a conflict 
between her own and someone else's understanding, the individual also experiences a 
motivational drive to resolve the conflict (Aïmeur et al., 1997). To not understand one 
another might even be “an ignition to learn together” (Schwartz, 1999). An individual 
in a state of cognitive dissonance will get motivated to revise or defend his position to 
solve the mental conflict.  

In a LBT condition it could therefore be meaningful for the teachable agent to 
cause dissonance or small conflicts, by for example introducing errors in the same 
manner as the troublemaker agent. This can manifest itself in productive learning 
behaviours if the teacher needs to revise or defend his/her position. This can in turn 
lead to the teacher having to revisit information material or formulate arguments 
about why his/her position is more correct.  

Another way a teachable agent can challenge the student is in the choice of learn-
ing activities and the difficulty level of these activities. To facilitate learning the dis-
tance between the task difficulty and the student´s current level of mastery should be 
such that it creates a challenge. Clifford (2009) points out that a task needs to have a 
“moderate probability of success”, in order to generate intrinsic motivation. She rates 
a 50% probability of success to be moderate. Clifford also writes about “the privilege 
of learning by mistakes”, by encouraging students to try out task on a higher level 
than they master. An easy mastered task will not affect the intrinsic motivation since 
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it is considered under the student’s level of performance. A mastered task that was 
considered too difficult would be considered “out of luck” and would also not affect 
the intrinsic motivation. (Clifford, 2009). Thus, a teachable agent can push the teacher 
towards tasks of a challenging difficulty level. 

4 Designing a Challenging Teachable Agents 

Based on the theories and results from previous studies, which we have presented in 
the previous sections, we see a considerable potential in the combination of two po-
tent teaching techniques; learning by teaching and troublemaking. We choose the 
name ”challenger” TA (CTA) since we experienced that the word troublemaker in our 
contacts with schools had negative connotations, a troublemaker would be somebody 
who wants to make trouble – whereas a CTA would be a TA that wants to challenge 
the student in a positive way.  

We suggest that a CTA should be designed to address two qualitatively different 
tasks; i) to help the student add effort to the learning process, and ii) to help the stu-
dent direct his or her effort in the learning process.  

4.1 Increase Motivation and Effort 

Overrating Own Knowledge. An aspect that can fit an impetuous agent personality 
is a tendency to misjudge, and overrate its own knowledge. In line with this the CTA 
may insist on choosing learning and testing activities at a higher level than actually 
mastered. This would increase the level of challenge and may have positive effects on 
the level of intrinsic motivation (Clifford, 2009).  

Varying Willingness to Learn. True collaborative work is based on the precondition 
that the individuals enter a relationship with free wills and their own goals/intentions 
with the collaboration (Schwartz D. 1999). Therefore we choose to simulate that the 
CTA has its own will and sometimes questions why a certain activities should be 
done or express reluctance to do some activities. This will accentuate that it has its 
own agency and strengthen the student’s experience of responsibility towards, and 
also motivation for teaching, the CTA. Being questioned by the CTA about the task 
relevance can also spark metacognitive reflections within the student, as she has to 
find good arguments for persuading the CTA.  

4.2 Improve Learning Strategies 

Debating solutions in Learning Activities. “The desire to understand and be under-
stood -- to share meaning -- is a strong motivator of human behaviour” (Schwartz, 
1999, p. 8). The CTA can at times ask for explanations and clarifications before, per-
haps, accepting a solution to a task in a learning activity. Designing the CTA not to 
readily accept everything the student tries to teach, is a possible way of promoting 
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deep learning. A task oriented dialogue would also give the student an opportunity to 
train to use the domain specific concepts, relations and facts. 

Introducing Errors. This strategy was used by Frasson & Aimeur (1996) for their 
troublemaking learning companion. The idea is to provoke the student to react and 
justify his/her answer, and thus become more certain of it and its bases. Training to 
distinguish between right and wrong solutions is also a mean to achieve higher confi-
dence in the student with respect to the study material (i.e. self-efficacy).  

Inducing Confusion. Confusion or cognitive disequilibrium can be induced by e.g. 
contradicting information and can provide deeper learning in a controlled setting for 
learning. When conflicting information is perceived, the individual heightens its at-
tention towards the new information and tries to resolve the conflict through e.g. visit-
ing informational material. The purpose is to provoke the student to reflect, deliberate, 
and decide on what is true, thereby processing the material at a deeper level. (D´Mello 
et al., 2012). 

4.3 Individual Differences and Timing 

While we believe a Challenger Teachable Agent can have many positive effects on 
students learning, we hypothesize that student variables like self-efficacy, goal-
orientation and achievement will interact with different types of challenging behav-
iour and produce different learning outcomes and user experiences for different 
groups of users. For example, challenging tasks are viewed differently depending on a 
student’s goal orientation, since challenging tasks present the risk of failure, but also 
offer opportunities for learning (Ames & Archer, 1988). A performance oriented stu-
dent is more likely than a competence oriented student to try to avoid challenging 
tasks. Furthermore, students with high self-efficacy, may profit more from a CTA 
than students with low self-efficacy.  

Another important factor to pay attention to is the time-relation between challeng-
ing behaviours and student variables. We hypothesize that some challenging behav-
iours are preferably introduced at a certain progression-level and some others would 
be a consistent feature. We suspect that the behaviours should be gradually phased in 
or out. How often the different behaviours should be occurring, and when, may also 
interact with student variables. 

5 Realizing a CTA in a History Learning Environment 

The CTA is currently being implemented in a digital learning environment for history 
where the target users are 10-12 year olds. To our knowledge this is the first TA sys-
tem outside the STEM area. In the game narrative the old Guardian of History is 
about to retire and searches for a successor among his helpers. A potential successor 
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Fig. 1. The picture shows a historical setting with Galileo Galilee 

has to show extensive knowledge of history, and in order to gain such knowledge the 
helpers have a time machine at their disposal. The helper Timy is very eager to learn 
about history, but unfortunately gets motion sickness in the time machine. Therefore the 
student is asked to use the time machine to learn about history in order to thereafter 
teach Timy. Thus the narrative introduces the TA in a natural way that can encourage 
the protégé effect. The main character Timy is gender neutral, since our earlier studies 
showed that it decreases negative gender-effects that sometimes appear in interactions 
with virtual agents (Silvervarg et al 2012, Silvervarg et al 2013).  

The information gathering activities are performed with a time machine. During 
travels to the past the student can visit different historical settings and interact with 
people, documents and artefacts. Se Fig. 1 for the historical setting where the student 
is visiting Galileo Galilee in Pisa. 

When the student return from the time travels s/he shall try to teach Timy what 
s/he has learnt. A learning activity is a game-like task which is performed by the  
student and Timy. Typically the student can choose if Timy should watch when the 
student plays or if they should play together. The system includes various learning 
activities, and the activities can be performed at different difficulty levels. 

During a learning activity Timy will add new knowledge to his memory or grow 
more certain or uncertain about previous known facts that are included in the learning 
activity. Facts can be correct or incorrect, more or less certain, and typically reflect 
the student’s own knowledge of the domain. Different learning activities promote 
different kinds of facts. For example, the learning activity in Fig. 2 uses a time line to 
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Fig. 2. A learning activity where the user is teaching the digital tutee Timy by doing a Timeline 
activity together 

visualize facts about persons, events and time periods. In this example the student is 
doing the activity together with Timy. Timy questions that the student’s proposed fact 
is correct, stating that he thinks that the time period is not correct. The student can 
now insist that he or she is correct or ask Timy what he thinks is correct, and in the 
next step either accept or reject Timy’s suggestion. 

A testing activity will be unlocked when a sufficient amount of learning activities 
has been carried out. Timy will then by himself answer the questions using the 
knowledge he has been taught by the student teacher. If Timy was taught well, s/he 
will get a good grade and also grow more certain of the answers s/he provided. The 
results of the test give the student feedback on how well s/he has taught Timy and hint 
at information gathering and/or learning activities s/he may have to redo in case of 
uncertainty or errors.  

5.1 Challenging Behaviour during Learning Activities 

The challenging behaviours of the CTA are realised in the choice of learning tasks 
and the performance of the learning activities, where agent will interact with the user 
through multiple choice dialogue, as illustrated in Fig. 2. This are the first challenging 
behaviours to be implemented in our CTA: 

Varying Willingness to Learn. We implement this by letting the CTA sometimes 
question the learning activities the student chooses. During an activity the agent might 
express that the activity is too boring, too hard or that it would be more fun to do 
some other activity not directly related to learning. At such occasions the student will 
get a dialogue prompt to answer or motivate the agent to continue the activity.  
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Overrating Own Knowledge. The CTA knows nothing from the beginning, but 
learns from the user. A traditional TA learns rather slowly and needs to repeat a fact 
many times before s/he is confident that s/he “knows” it. The CTA puts much more 
confidence in what it has learnt, and can suggest that the student teacher moves on to 
learning activities and tests at higher difficulty level more quickly. 

Learning more quickly and overrating own knowledge can also lead to the agent 
being certain of erroneous facts that has only been presented once, and it can use 
these to contradict the student teacher when the correct facts are introduced, and resist 
replacing erroneous with correct facts. 

Debating Solutions in Learning Activities. When the student shows the CTA a fact 
or a solution, it will sometimes debate whether it is correct or not. In the “do together” 
activity mode, the agent might question the user’s choices, e.g. “Are you sure?” or 
state “I don´t agree” more often than a traditional TA would. 

Introducing Errors and Inducing Confusion. Even if the student teacher only teaches 
the CTA correct facts, the agent may on purpose “misremember” and propose incorrect 
facts when it is doing a learning activity together with the student teacher. E.g. the agent 
may substitute Galileo Galilei as the author of the book “Dialogue Concerning the Two 
Chief World Systems” with Tycho Brahe. 

6 Summary and Future Work 

Teachable agents have been proven to work well as an implementation of the Learn-
ing by teaching approach, providing many advantages such as increasing motivation, 
depth of learning, effort, etc. Challenge in the learning process has also been shown to 
have positive effects on learning processes. In this paper we propose the combination 
of these two in a Challenging Teachable Agent. We believe that the addition of chal-
lenging behaviour in a TA can further strengthen the positive effects. However, this 
need to be further explored with regard to various user groups to make sure we build 
educational systems that can benefit all students. 

We intend to evaluate the proposed CTA and compare it to a traditional TA as well 
as a system without an agent, with regard to student variables such as self-efficacy 
and goal-orientation. Based on findings from such a study, a future research goal is to 
develop and evaluate algorithms for adequate combinations of agent behaviours. 
When is it advantageous to use them; which of them and in which combinations – and 
with respect to which student variables? 
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Abstract. Privacy and confidentiality are important components of digital  
literacy. Yet nowadays documents can be found online, which apparently con-
sist only of  one or two pages yet have huge file size - even several megabytes. 
Such documents may contain sensitive data that has been deleted but actually is 
still there. Our study provides an analysis of such cases in public sector of Esto-
nia. Based on experiments and public sector web page analysis we describe se-
curity threats and features of different file formats and offer suggestions for 
their use, e.g. we found that using open-source formats like OpenDocument 
may help prevention of accidental disclosure of data. 

Keywords: privacy, confidentiality, file format, proprietary, open-source, ven-
dor lock-in. 

1 Background 

Privacy is often considered an area of digital literacy that is in danger of being over-
looked, compared with other, more "marketable" ICT skills [1].  Yet, as seen below, 
even official documents on public networks have privacy shortcoming - this paper 
looks at privacy issues surfacing due to widespread use of proprietary file formats. 

Based on Estonian Interoperability Framework 2011 [2] only OpenDocument for-
mats like ODT, ODS, ODP can be recommended for editing by both sides [3].  
OpenDocument is also a standard in other countries [4]. EIF 2011 suggests to use 
PDF file format when editing by both sides is not needed – this is also common stan-
dard in the world [5]. 

Additionally, file sharing must not be based on import-export. For example, using 
DOCX means using MS Word, as trying to open it with LibreOffice Writer actually 
means importing it. Saving DOCX with LibreOffice Writer is possible but strongly 
not suggested as it is not native format for LibreOffice Writer and therefore problems 
may occur [6]. 

Also important is the version of MS Word – for example, editing DOCX file with 
MS Word 2013 and trying to open it with MS Word 2010 will run into incompatibili-
ty problems; some formatting may be lost and even some data (e.g. graphics). 

We subscribe to the notion that using open file formats like OpenDocument is 
strongly suggested, as is creating them with LibreOffice as native editor. When using 
DOC or DOCX file formats then an appropriate MS Word version should be used. 
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When sharing files, the same office suite at both sides should be used. Mixing office 
suites will run into compatibility problems [7]. Keeping the same version with Li-
breOffice is not expensive as it is free and open-source software. But keeping MS 
Office on the same version across institutions might be too expensive and overwhelm-
ing for users. 

OpenDocument adoption in the world has also begun already since OpenOffice.org 
times but now LibreOffice gives better user experience. 

It has been suggested that when saving information as DOC, RTF or some other 
proprietary file format (e.g. OOXML - Office Open XML – docx, xlsx, pptx, etc), it 
will store deleted information [8]. It can be seen when something is deleted from such 
a file, the file then saved and closed - after reopening, the deleted data is still there 
and can be discovered using some plain text editor (e.g. Notepad2, Notepad++ in 
Windows or Kate, Geany etc in Linux). However, saving the same file in ODF format 
(odt, ods, odp etc) will reduce file size and remove hidden parts. 

There is a recurring pattern in file handling, especially visible in public sector - us-
ers open an file, delete (some of) its content, add new elements and save the file under 
a new name. These results in document files having just one or two pages but the file 
size can be in megabytes. Also, large document template files can be found from pub-
lic sector web pages - and these files can contain sensitive data. 

Saving the same file into OpenDocument may reduce the file size for 10 or even 
more times. The file will still contain the same information but not any ballast data. 
Proprietary formats do also have problems with revisioning. Finally,  there is the ever-
visible vendor lock-in problem. 

2 Methods 

We analyzed documents originating from public sector web pages and carried out 
experiments. We used Google search by file type to download five random DOC files, 
five DOCX files and five RTF files from Estonian public sector web sites. DOC and 
RTF files were opened with MS Word 2003, all content were deleted and replaced 
with a single word "Hello", the file was then saved and closed. Afterwards, the files 
were studied using a text editor, searching for deleted text. We used the same process 
for DOCX files, with the exception of using MS Word 2010 as likely the most used 
version at the moment (note: as of the time of writing, MS Word 2013 is not widely 
used in Estonia yet, so the assumption was that most DOCX files available from  
public sector websites are still created using older - 2007 and 2010 - versions of MS 
Word). 

After this, the files were renamed for indexing. File sizes were registered for both 
original and changed files and the results compared (see the section “File size com-
parison” below). 

Ubuntu 12.04 LTS 64-bit was used as the main testing platform (using separately 
added 64-bit kernel version 3.12.5) and file sizes were detected using bash command 
line and command ls -l. MS Word 2003 (11.5604.5606) and MS Word 2010 
(14.0.7015.1000) were installed onto separate virtual machines using VirtualBox 
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4.3.4 r91027 with guest additions of the same version. The virtual machines used MS 
Windows XP Pro SP3 as operating system. All Microsoft software used was 32-bit. 

For the file content investigation we used Emacs1 23.3.1, Midnight Commander2 
4.8.1 - all available through regular repositories for Ubuntu 12.04 LTS (thus they 
were not of the latest versions but nevertheless rather up-to-date).  For screen captur-
ing Shutter3 0.90.1 was used. 

Also text editors like Kate, Geany, gEdit, Vim, Cream (modern Vim), wxHexEdi-
tor were tested, but Emacs was seen to give the best results in our case. 

After using Word to delete the original content and replace it with "Hello", the file 
was saved into the original format and the latter opened with LibreOffice Writer (Li-
breOffice version 4.1.3.2 64-bit was used). We then saved the document into ODT-
format and repeated the content analysis.  

3 Results and Discussion 

We started with two hypotheses: The first one was that deleted information is still 
available in the files and can cause leaks of sensitive information. The second hypo-
thesis was saving DOC, DOCX, RTF file into ODT format will reduce file size. The 
results of the experiments are described below. 

3.1 Used Files  

Below is a brief overview of the files tested. The files were indexed for faster investi-
gation and to test their integrity. 

In experiment were three different filetypes used – DOC, DOCX, RTF – they were 
markes as described also in Table 1. 

Files used in experiment is available here - 
http://url.zeroconf.ee//hcii2014experiment 

3.2 File Size Comparison 

Table 1 (below) shows the results of file investigation.  
The new size and amount of characters were registered after deleting all content, 

replacing it by just one word: „Hello“ (5 characters) and then saving the file.  Nega-
tive values in Table 1 mean file size increase when saving to ODT format - thus we 
see that a significant reduction of file size can be obtained with DOC and DOCX files 
by merely saving them in OpenDocument. Saving the RTF as ODT, however, resulted 
in file size increase in some cases (but the change was smaller than in other cases). 
This is described in more detail below. 

                                                           
1  http://www.gnu.org/software/emacs/ 
2  http://www.midnight-commander.org/ 
3  http://shutter-project.org/ 
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Table 1. File size comparizon 

File index Original 
size, bytes 

Original 
number of 
characters 
with spaces 

New size, 
bytes (5 cha-
racters) 

New size in 
ODT, bytes

Difference 
with new size 
saved into 
ODT, bytes 

Difference 
with new size 
saved into 
ODT, % 

DOC1 50688 1594 19968 8340 11628 41,77% 
DOC2 32768 867 19968 8348 11620 41,81% 
DOC3 28672 2028 19968 8365 11603 41,89% 
DOC4 28672 8128 19968 8744 11224 43,79% 
DOC5 30208 1767 20480 9006 11474 43,97% 
RTF1 10899 4319 4696 8117 -3421 -57,85% 
RTF2 8676 801 3651 7964 -4313 -45,84% 
RTF3 82970 2122 4811 8259 -3448 -58,25% 
RTF4 141610 3381 12471 9099 3372 72,96% 
RTF5 53631 1232 5063 8347 -3284 -60,66% 
DOCX1 19837 2139 15966 8706 7260 54,53% 
DOCX2 21748 527 14836 8660 6176 58,37% 
DOCX3 19876 810 15816 8388 7428 53,03% 
DOCX4 25957 3454 19311 8827 10484 45,71% 
DOCX5 40935 1512 17055 9153 7902 53,67% 

 

Fig. 1. Emacs display of “DOC1” file 
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Fig. 2. Midnight Commander view of “DOC2” 

Experiments with „DOC1“, „DOCX1“, „RTF1“ Files.  
After opening „DOC1“ file with MS Word 2003, replacing everything with „Hello“ 
and saving it, the file size was 19 968 bytes. Using the text editor Emacs on the file 
still shows a lot of content (Figure 1). We got similar results with other DOC files. 

Due DOC being binary format, the text is unreadable. But Midnight Commander 
shows the content as more legible (Figure 2). 

As we can see, there are some more information visible in the Midnight Com-
mander view than might be expected. This is one point where sensitive data may leak.  

When opening DOCX file with Emacs, it shows archived XML-files at the begin-
ning - these can be opened directly like hyperlinks (Figure 3). 

 

Fig. 3. Emacs view of “DOCX1” file structure 
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Fig. 4. Emacs view of “DOCX1” file component “document.xml” 

 

Fig. 5. Emacs view of “RTF1” file 

Each of these XML files does contain data about formatting and also content. The 
most important component is document.xml, which contains the content of document 
(Figure 4). 

Note: we can also rename DOCX file to ZIP and uncompress it but Emacs does it 
on the fly, which is much more comfortable. Emacs is available for all popular operat-
ing systems and is free software. 
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When looking inside the RTF-file we can finally read the content (Figure 5). It 
contains a lot of information but only one word entered by the user – the word „Hel-
lo“ seen at the end of RTF block. 

After saving the previously modified RTF-files into ODT-format, the situation 
changed. Some RTF-files were even bigger in ODT than in RTF-format itself but this 
is not always so as the „RTF4“ got smaller when saved into ODT format (the result of 
file content comparison is shown in Appendix 1). Saving „RTF4“ into ODT format 
saves a lot of file size. This also depends on the MS Word version that was used  
previously to modify the RTF-file. Each MS Word will leave its additions into file 
and the file gets bigger. All these additions will be removed when saving into ODT 
format. 

Even if usually RTF comes smaller than ODT, it is not a good idea for use as a 
document format – usually it cannot support more complex formatting like ODT, 
DOC or DOCX does. 

 

Fig. 6. Emacs view of “RTF4” in ODT format 

In ODT file the „content.xml“ contains the file content itself (Figure 6). 

4 Conclusion 

The experiments revealed some problems with the files. The DOCX files were some-
times opened in compatibility mode, which suggests an earlier version of DOCX than 
MS Word 2010 (usually MS Word 2007). This means that DOC and DOCX files 
stored at Estonian public sector websites were created using earlier versions of MS 
Word than the current 2010 used for our experiment. The same situation is seen with 
MS Word 2010 and 2013 – the 2010 does not support all features available in 2013, 
so the compatibility mode will be used and some data may be lost due to this. 

The first hypothesis – deleted information will be stored inside the file – was not 
completely confirmed. We may say that at least MS Word 2010 will permanently 
delete almost all content. There might be remain some small parts but these are not 
noticeable. But as Chinese researchers suggest: „Experiments show that 0.44 bit is 
embedded into each word and 1/151 bit is embedded into each bit of the document on 
average, which is higher than contemporary linguistic steganography approaches“ 
then still we may say that MS Word is not cleanly deleting all the data [8]. Even  
Microsoft gives suggestions how to discover [9] and remove unnecessary parts of file 
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[10]. Considering all this, Estonian public sector shows similar vulnerabilities like 
those described by van Hamel [1] and should likewise strive towards an established 
set of privacy competencies to maintain confidential information online. 

The second hypothesis – RTF, DOC, DOCX file sizes will be reduced when saving 
into ODT – were completely confirmed in part of DOC, DOCX files. Even if RTF-
files were smaller than ODT-files, there is not recommended to use it due to lack of 
support more complex functions available nowadays modern office suites. 

Using correct file formats with appropriate programs when working collaboratively 
– this all makes an important part of nowadays digital literacy. Using importing-
exporting documents in foreign programs may run into incompatibility issues and 
even security leaks. Therefore interoperability frameworks are created and strongly 
suggested to follow to ensure hassle free collaboration between people. 
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APPENDIX 1 

Here is the „RTF4“ content compared with RTF and ODT format (Figure 7). 

RTF4 Content 

 

Fig. 7. „RTF4“ content compared with RTF and ODT format  
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ODT Content of„RTF4“ File 

 

Fig. 8. ODT content of “RTF4” file 
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Abstract. This paper describes and analyses storyboard tools, concepts and 
frameworks. It aims to identify gaps in storyboard works in an attempt to ex-
tend support for establishing a common ground between instruction designers 
and subject-matter experts as a distributed instructional design team. Twenty-
four storyboard tools, concepts and frameworks are described according to the 
two classifications of domain applications, domain-independent and domain-
dependent. They are reviewed and analysed with regard to three aspects of e-
learning storyboard requirements: collaborative design environment, iterative 
process methodology and designer-centredness support. The finding shows that 
much less research has been done on collaborative environments and iterative 
processes than on supporting designers' work. It is also found that storyboard 
systems have some limitations in terms of giving the distributed instructional 
design team opportunity to engage in these cognitive task-related activities.  

Keywords: storyboard tools, storyboard systems, distributed instructional  
design team. 

1 Introduction 

Instructional design teams in communities of practice recognise the importance of 
establishing a common ground with the people they work with. In an extended and 
distributed design project, experts from different domains must coordinate their ef-
forts despite the limitations of time and distance. The application of storyboarding 
techniques has been a useful approach in distance learning development to support 
interaction between instructional designers and subject-matter experts in communicat-
ing the design of an e-learning course. A substantial amount of time and effort is  
required however to reach a shared understanding of the coordinated tasks and activi-
ties. The purpose of this paper is to review and analyse existing storyboard tools, 
concepts and frameworks. It begins by describing 16 storyboard systems and groups 
them into two types of software classification tools and models. The next section 
focuses on eight storyboarding concepts and frameworks which have the potential to 
become functional tools in future. This is followed by analysis of the storyboard tools, 
concepts and frameworks whose design implications have fostered an approach to 
support instructional designers and subject-matter experts’ interaction as a distributed 
instructional design team.  
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2 Storyboard Tools and Concepts 

Following Wang, Shen, Xie, Neelamkavil, and Pardasani (2002), these tools are clas-
sified into domain- independent and domain-dependent tools. These software classifi-
cation tools and storyboard models are not confined to any particular domain and 
cover a wide spectrum. 

2.1 Domain-Independent Tools 

The domain-independent tools of storyboards are tools that support specific but gen-
eral-purpose tasks. They are divided into three sub-categories: the sketch-based ap-
proach, authoring approach, and SCORM approach. 

The sketch design approach is treated as a domain-independent tool as it can pro-
vide functionalities to assist designers to sketch user interfaces and web pages.  
Landay and Myers (2001) developed SILK (Sketching Interfaces Like Krazy), a sto-
ryboard that allows designers to sketch user interfaces easily by recognising the  
designer’s ink strokes. Bailey, Konstan, and Carlis (2001) developed DEMAIS (De-
signing Multimedia Applications with Interactive Storyboards), a sketch-based, inter-
active multimedia storyboard tool that uses a designer’s ink strokes and textual  
annotations as an input design vocabulary. Newman, Lin, Hong, and Landay (2003) 
developed DENIM (Design Environment for Navigation and Information Models), an 
informal website design tool that supports designers in sketching input, allows design 
at different levels of granularity, and unifies the levels through zooming. 

In the context of instructional design, an authoring tool supports non-programmers 
in assembling media objects and preconstructed scripting code to build instructional 
learning applications (Chapman, 2008). The authoring approach is treated as a do-
main-independent tool to support users or designers in authoring any aspects of ob-
jects and processes required to reach a specific objective. Harada, Tanaka, Ogawa, 
and Hara (1996) developed ANECDOTE to support designers to edit the different 
aspects of the scenario using multiple editing views, and help them to create the final 
application seamlessly from the prototype scenario. Midieum, Byung-soo, and Jun 
(2005) developed the AR storyboard (augmented reality-based interactive storyboard 
authoring tool) to support intuitive interfaces for scene composition and camera 
pose/motion control. Thronesbery, Molin, and Schreckenghost (2007) developed the 
ConOps (Concept of Operation) storyboard to help designers to create, communicate, 
and refine concepts of operation information. 

SCORM (Sharable Content Object Reference Model) is a technical specification 
that governs e-learning content creation and delivery (Bohl, Scheuhase, Sengler, & 
Winand, 2002). The SCORM approach is treated as a domain- independent tool as it 
helps designers to create e-learning content that complies with SCORM specifica-
tions. Ting et al. (2005) developed the eStoryboard authoring tool which is intended 
to provide designers with functionalities such as creation of HTML documents, Flash 
editing, and inserting images and, at the same time, generating outputs in flash format 
to produce a SCORM-compliant document. Yang, Chiung-Hui, Chun-Yen, and 
Tsung-Hsien (2004) developed the Visualized Online Simple Sequencing Authoring 
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Tool (VOSSAT) to help designers to edit existing SCORM-compliant content pack-
ages which can be embedded as a module on the Content Repository Management 
System (CRMS). 

Table 1 shows a summary of domain-independent tools and their implementation 
technologies. 

2.2 Domain-Dependent Tools 

The domain-dependent tools of storyboards are tools that are hard-wired with theories 
and models in an instructional design that cannot be altered. These tools use underlying 
philosophical models and theoretical underpinnings (Gustafson, 2002). They can perform 
various functions for different kinds of learning solutions. They are divided into two sub-
categories: the learning theories approach and instructional design model approach. 

The learning theory approach is treated as a domain-dependent tool as it supports the 
intended application of learning theories which inform the designer about the flow of 
the modules and ensures that all aspects of the intended course have been covered.  
Hundhausen and Douglas (2000) developed SALSA (Spatial Algorithmic Language for 
StoryboArding) as a teaching approach in which students use the simple art supplied to 
construct and present the algorithm to their instructor and peers for feedback and discus-
sion. Lee and Chong (2005) developed OntoID (Automated Eclectic Instructional De-
sign) to support the design phase through the explication of different techniques in the 
learning theory categories. Deacon, Morrison, and Stadler (2005) developed Director’s 
Cut to support students as designers in the production of multimodal texts which enable 
the understanding of conventions and processes. Mustaro, Silveira, Omar, and Stump 
(2007) developed a schematic storyboard for learning object development to support the 
instructional design (ID) team throughout the model schemes moulded in a linear 
process according to the five processes in ID: analysis, design, development, implemen-
tation and evaluation.  Igbrue and Pathak (2008) developed the Multiple Intelligence 
Informed tool to support both novice and experienced IDs in designing storyboard as-
sessments suitable for multiple intelligences in e-learning. 

The instructional design model approach is treated as a domain-dependent tool as it 
supports the design of a particular instruction. Hodis, Schreiber, Rother, and Sussman 
(2007) developed eMovie to support designers in making molecular movies in 3D 
structures. Furini, Geraci, Montangero, and Pellegrini (2010) developed STIMO 
(STIll and MOving storyboard) to help designers to produce on-the-fly, still and mov-
ing storyboards.  

Table 2 shows a summary of domain-independent tools and their implementation 
technologies.  

3 Storyboard Frameworks 

In addition to the above domain-independent and domain-dependent tools, the follow-
ing storyboarding concepts and framework have the potential to become functional 
tools in future. Baek (1998) developed a KMS-based environment to support the 
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knowledge management activities of multimedia designers. Jakkilinki, Sharda, and 
Ahmad ( 2006) developed the MUDPY (multimedia design and planning pyramid) to 
guide designers through the various phases of a multimedia project in a systematic 
fashion by allowing them to create a project proposal, specify the functional require-
ments, decide on the navigational structure and create a storyboard. Dohi, Sakurai, 
Tsuruta, and Knauf (2006) developed the Dynamic Learning Needs Reflection Sys-
tem (DLNRS) storyboard tool to support the formal process of representing, 
processing, evaluating and refining didactic knowledge. Choo Wou (2007) developed 
the ILC-CMAS Model (Intuitive Life Cycle-CMAS Model) to assist the process of 
content development and the storyboarding management process for multimedia 
software development. Bulterman (2007) developed a framework to support user-
centered control of media within a collection of objects that are structured into a mul-
timedia presentation. Kleinberger, Holzinger, and Müller (2008) developed 
MEMORY (Multimedia Module Repository) to provide designers with a technologi-
cal base for implementing e-learning applications that make extensive use of  
continuous media, especially video. Wan (2007) developed the Content Storyboard 
Application System Framework to monitor subject-matter experts in performing sto-
ryboarding activities. Wahid, Branham, Harrison, and McCrickard (2009) developed 
the concept of Collaborative Storyboarding to help in aggregating designers’ expertise 
in the storyboarding process, and it offers the opportunity for a group of designers to 
make progress toward creating a visual narrative for a new interface or technology.  

Table 3 shows a summary of conceptual models and frameworks and their  
implementation technologies. 

4 Design Implications: Storyboarding Approach 

This section discusses three requirements of an e-learning storyboard which support 
instructional designers and subject-matter experts’ interaction; the relationship of 
instructional designers and subject-matter experts, which is recognised as collabora-
tive in nature, the importance of iterative process in design, and the importance of 
designer-centredness support. The storyboarding tools, concepts and frameworks are 
discussed in that context. 

4.1 Collaborative vs. Non-Collaborative Design Environments 

The literature contains no description of collaborative effort by tools from the domain-
independent category and only one tool, i.e.  Director’s Cut (Deacon et al., 2005) from 
the domain-dependent category mentions this collaborative environment. The collabora-
tive design environment has been identified in many conceptual models and framework 
research: Baek (1998) describes the KMS-based environment, Choo Wou (2007) the 
ILC-CMAS model, Wan (2007) the Content Storyboard Application System Frame-
work, and Wahid et al. (2009) the concept of collaborative storyboarding.  
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Table 1. Summary of domain-independent tools and their implementation technologies 

Name of System/Tool Key Features 
Implementation  
Technologies 

SILK  
(Landay & Myers, 
2001) 
 

To support sketching for user interfaces. Common Lisp. The Garnet 
toolkit. 

DEMAIS 
(Bailey, Konstan, & 
Carlis, 2001) 
 

To support the early stages of multimedia 
design. 

Java language, Java Media 
Framework (JMF) and 
Java Speech Markup 
Language 

DENIM  
(Newman, Lin, Hong, 
& Landay, 2003) 
 

To support early-phase information and navi-
gation design of websites. 

Java 2. The SATIN toolkit 

ANECDOTE  
(Harada, Tanaka, 
Ogawa, & Hara, 1996) 

To support the early-design phase and the 
whole development process of multimedia 
applications. 
 

-unspecified - 

AR Storyboard 
(Midieum, Byung-soo, 
& Jun, 2005) 

To support non-experienced designers using 
interfaces in real environments at the pre-
production stage of film-making. 
 

- unspecified - 

ConOps  
(Thronesbery, Molin, 
& Schreckenghost, 
2007) 
 

To provide effective task that can support the 
difficulties of designer to understand end user 
tasks and software engineering principles. 
 

- unspecified - 

eStoryboard  
(Ting et al., 2005) 

To create SCORM learning contents, generate 
multiple lesson plans, and predict learner 
performance from the generated lesson plans. 

Artificial Intelligence 
Planning and Bayesian 
Reasoning. 

 
VOSSAT  
(Yang, Chiung-Hui, 
Chun-Yen, & Tsung-
Hsien, 2004) 

 
To assist designers in editing the existing 
SCORM-compliant content packages for 
learning processes. 

 
- unspecified - 

Table 2. Summary of domain-dependent tools and their implementation technologies 

Name of System/Tool Key Features 
Implementation  
Technologies 

SALSA 
(Hundhausen & Douglas, 
2000) 

To support designers in constructing 
rough and unpolished low-fidelity visu-
alisations. 
 

spatial algo-
rithmic lan-
guage 

OntoID 
(Lee & Chong, 2005) 

To provide strong pedagogical guidance 
through the provision of educational 
models and techniques founded on 
learning philosophy. 
 

XML technol-
ogy 

Director’s Cut 
(Deacon, Morrison, & 
Stadler, 2005) 

To support students in creating their 
own video sequences from a set of clips 
in order to promote creativity. 
 

- unspecified - 
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Table 2. (continued) 

Schematic Storyboard tool 
(Mustaro, Silveira, Omar, & 
Stump, 2007) 
 

To support the instructional design 
team throughout the model scheme 
development and production of learning 
objects in storyboard. 
 

- unspecified - 

Multiple Intelligence In-
formed tool 
(Igbrue & Pathak, 2008)   
 

To guide IDs in creating the multiple 
intelligences informed e-learning con-
tent 
 

- unspecified - 

e-Movie 
(Hodis, Schreiber, Rother, & 
Sussman, 2007) 
 

To support designers with guidance and 
direction in the form of structures and 
conformation changes in filming. 
 

open-source 
molecular 
graphics pro-
gram 

STIMO 
(Furini, Geraci, Montangero, 
& Pellegrini, 2010) 

To support the production of on-the-fly 
video storyboards. 

Farthest Point-
First (FPF) 
clustering 
algorithm 

Table 3. Summary of conceptual models and frameworks and their implementation technologies 

Name of System/Tool Key Features Implementation Technologies 

KMS-based environment 
(Baek, 1998) 
 

To support multimedia 
designers in sharing their 
knowledge on the web. 
 

Java script and Cold Fusion 

MUDPY 
(Jakkilinki, Sharda, & 
Ahmad, 2006) 

To streamline the process of 
creating a multimedia sys-
tem by providing a clear 
pathway for planning, de-
sign and development. 
 

Protẽgẽ 2000 

DLNRS storyboard tool 
(Dohi, Sakurai, Tsuruta, 
& Knauf, 2006) 
 

To support the didactic 
knowledge that can be 
represented by storyboards 
and used for supporting 
dynamic learning activities 
of students. 
 

- unspecified - 

ILC-CMAS Model 
(Choo Wou, 2007) 

To support experts of Smart 
Schools, organisations and 
universities involved in the 
development of multimedia 
software and courseware. 
 

- unspecified - 

User-centred multimedia 
control. 
(Bulterman, 2007) 
 

To support user-centred 
control of multimedia that 
assist in locating or recom-
mending media objects. 
 

- unspecified - 
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Table 3. (continued) 

MEMORY 
(Kleinberger, Holzinger, 
& Müller, 2008) 

To support continuous 
media with adaptive multi-
media processes in order to 
achieve efficiency in search, 
selection, rating and usage. 
 

Python programming language, 
C++, Java, CORBA 

Content Storyboard 
Application System 
Framework. 
(Wan Adli Ridzwan, 
2007) 
 

To support SME in con-
structing e-learning content 
storyboards based on 
Gagne’s Nine Learning 
Events. 

PHP, MySQL 

Collaborative story-
boarding 
(Wahid, Branham, 
Harrison, & McCrickard, 
2009) 

To facilitate shared under-
standing among designers. 

- unspecified - 

4.2 Linear vs. Iterative Process Methodology 

The literature identifies only one tool from the domain independent category which 
implemented iterative process whereas none is identified from the domain-dependent 
category. The ConOps tool which is developed by Thronesbery et al., (2007) de-
scribes a concept of operations that requires iteration to support creative design activi-
ty. Researchers such as Dohi et al. (2006), Choo Wou (2007), and Bulterman (2007) 
implement an iterative process method in their conceptual models and frameworks. 

4.3 Designer-Centredness vs. Learner-Centredness Support 

In the literature, many researchers have concentrated on the designer-centred ap-
proach. All the sketch-based tools (Landay & Myers, 2001; Bailey et al., 2001; New-
man et al., 2003) were designed to support designers. An authoring tool that supports 
designers' work was demonstrated by Harada et al. (1996), and both Midieum et al. 
(2005) and Thronesbery et al. (2007) designed tools for authoring storyboards to sup-
port learners.  

All the SCORM-compliant based tools (Ting et al. 2005; Yang et al., 2004) support 
designers in developing learning content which is compliant with SCORM require-
ments.  The same support can be found in the e-learning theory-based tools (Hund-
hausen & Douglas, 2000; Lee & Chong, 2005; Deacon et al., 2005).  Mustaro et al. 
(2007) produced a schematic storyboard for learning object development and Igbrue 
and Pathak (2008) developed a multiple intelligence tool.  

Instructional model-based tools (Hodis et al., 2007; Furini et al., 2010) are de-
signed purposely for learners, however.  Researchers such as Jakkilinki et al. (2006), 
Choo Wou (2007), Wan (2007) and Wahid et al. (2009) demonstrated storyboarding 
concepts and frameworks which are intended to support designers' work.  

Figure 1 shows the classification of the available storyboard tools and frameworks 
in several categories for quick reference. 
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Fig. 1. Storyboard tools, conceptual models and framework 

5 Conclusion 

This paper discusses and analyses the available storyboard tools which are categorised 
in two types: domain-independent and domain-dependent tools. Existing conceptual 
models and frameworks have also been identified and presented. From the analysis of 
all the tools, concepts and frameworks, it can be concluded that less research has been 
done on collaborative environments and iterative processes, but much has focused on 
supporting designers at work. It is also evident that the existing storyboard systems 
have some limitations in terms of giving the distributed instructional design team 
opportunity to engage in these cognitive task-related activities.  

This study sheds light on the storyboarding systems about the importance to handle 
the designers in performing their storyboarding task, as well as the cognitive effort 
that is needed by the designers in performing storyboarding activities. An empirical 
study has been carried out in order to understand the cognitive difficulties of design-
ers during storyboarding (Yusoff & Salim, 2012). This study explores problem  
aspects of the cognitive task and the skills required of subject-matter experts by  
applying a cognitive task analysis approach from the expert perspective, and have 
consequently identified subject matter experts’ difficulties in making decisions  
on three elements during e-learning course development: the storyboard templates, 
prescriptive interactive components, and review process. 

On the other hand, a storyboard system that can work in a distributed and collabor-
ative environment would be needed in order to support people's interaction, user 
communication and the iterative process. More necessary, however, for a distributed 
instructional design team is the functionality to adapt to changes and work towards 
shared mental model. Future works which incorporate collaborative tasks for the in-
structional design team should be able to function as a communication tool as well as 
perform design instruction rather than focusing on the process and tool development.  
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Abstract. Advancements in technology offer new challenges and opportunities 
for online education. The interaction design of digital learning and assessment 
tools directly influence the learning experience. The aim of this work is to show 
the process of user-centered design and development of an online assessment 
tool that allows setting, monitoring and displaying the achievements of educa-
tional skills and competences. The main challenges addressed were: dealing 
with a rich and complex educational context;  researching the actual needs of 
the actors involved and managing the different requirements for the tool; the 
process to generate design solutions and the evaluation of the tool. It was eva-
luated in a real case scenario in a virtual learning environment of a fully online 
higher education institution. 

Keywords: User-Centered Design, Learning Tools, Assessment Tools, Compe-
tence Assessment, Virtual Learning Environment. 

1 Introduction 

Online education is reshaping the way we teach and learn. Technological advance-
ments, computer devices and interaction styles provide new opportunities for teaching 
and learning [1]. Online and distance teachers and learners need digital tools to com-
municate, interact, share contents and practice skills. Every day, innovative and spe-
cific solutions appear with the goal to address concrete online teaching and learning 
needs [2 -3]. 

There is a need for adequate processes, methodologies and techniques for concep-
tualizing, designing and evaluating digital learning tools and environments. The de-
sign of virtual learning environments has a deep impact in the way people learn. For 
instance, the time and effort students save on trying to use digital learning tools can 
be spent on learning content and skills. Therefore, instructional and UX designers and 
developers have a great responsibility around digital learning tools [4]. Consequently, 
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online education can be positively affected by Human-Computer Interaction (HCI), 
User eXperience (UX) and User-Centered Design (UCD) [5]. 

The impact of digital products and devices are causing changes on people's habits 
and behavior. In particular, learners demand educational institutions to continuously 
evaluate their pedagogical approaches to the learning and teaching process, both in 
face-to-face and virtual classrooms, taking advantage of the technologies. There is a 
large sample of digital tools for learning and assessment. These tools facilitate learn-
ing through interactivity, provide guidance and feedback and increase learner’s en-
gagement [6 -7]. 

In Europe, the whole educational scenario is changing according to the European 
Higher Education Area (EHEA) [8] and the use of information and communication 
tools. Higher education institutions are introducing a competence model centered on 
learners and activities. Learners have to interact with learning resources and tools in 
order to show competence performance. Competences tend to convey meaning in 
reference to what a person is capable or competent of, the degree of preparation, suf-
ficiency and/or responsibility for certain tasks. These elements constitute a combina-
tion of attributes (with respect to knowledge and its application, attitudes, skills and 
responsibilities) that describe the level or degree to which a person is capable of per-
forming them [9]. 

Learning objectives differ from competences because competences describe how 
learners gradually acquire a dynamic combination of knowledge, understanding, skills 
and abilities that can be applied to a variety of jobs, situations or tasks. In general, 
competence assessment is a complex educational process. The concept of competence 
is hard to understand especially from the learners’ point of view. In addition to that, 
from the teachers’ perspective, it is difficult to measure and quantify the learners’ 
competence acquisition level. 

In such a situation, digital learning tools offer new opportunities for learners to 
deal with the concept of competence. However, there are few tools that support com-
petence assessment, and the existing ones have some issues to be addressed: very 
specific (not usable in different educational contexts), complex to use and understand 
and incomplete in terms of facilitating assessment. Everything results in a limited 
learning experience. All this motivates the need for designing and creating a tool that 
can reduce the problems associated with competences in learning environments, ap-
proaching competences to students and helping teachers on competence assessment. 

The purpose of this paper is to present the user-centered design and development 
of an online assessment tool that allows setting, monitoring and displaying achieve-
ments of educational skills and competences. The tool is designed to be used in a fully 
virtual learning environment, but it is also useful for blended educational systems. 

The paper is organized as follows: section 2 introduces the competences and the 
challenges associated with designing competences in education, while section 3 de-
scribes the context and the development of the competence assessment tool following 
a user-centered design process. In section 4, evaluation of the tool and the results are 
explained and finally, in section 5, conclusions and discussion are presented. 
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2 Competences as a Challenge for Design in Education 

Based on the EHEA approach, teachers have to design courses taking into account a 
set of competences. Also, activities should be designed in order to provide learners 
with a specific level of these competences and learner’s performance in activities is 
essential for competence achievement. Therefore, activities can be understood as a 
means for learners to achieve new competences improving their performance and 
skills. Nevertheless, the learning process through competences is not as easy as teach-
ers and learners expected. Learners are assessed by competences (processes) and not 
just by content (knowledge). 

Competences are usually assessed across rubrics [10]. A rubric is defined as “an 
assessment tool that identifies criteria for a work which includes different quality 
scales for each work”. Rubrics are based on a table with criteria for the assessment 
and the associate mark for each one. This table can be paper based or embedded in a 
digital tool. The rubric associated to a competence allows providing assessment crite-
ria based on established levels and/or qualification sections based only on marks. 
Teachers are using rubrics in a wide range of courses [11 -13]. Despite this, these 
experiences are centered on typifying the assessment criteria with the objective of 
establishing the level of achievement of the objectives and a mark [14]. In most cases, 
the relationship between the specific competences of the course, the mark and their 
visibility in the proposed activities is scarce. Establishing the appropriate links and 
relationships between the previous elements is essential to ensure both consistency 
and good teaching-learning process focused on the acquisition of competences. In 
particular, competences, activities and the criteria used by teachers in the assessment 
of the activities must be considered [15]. Then learners will be provided with a report 
based on their competence acquisition through activities. 

Dealing with a competence-based learning model requires that, in the context of a 
course, teachers carry out a reflection, revision and analysis process. This process 
consists of 3 main steps: 1) Identification and definition of competences. 2) Design of 
course activities that conforms the assessment. 3) Make competences and the level 
acquisition, as clear as possible for learners. 

For competence definition, it is needed to identify the set of general competences 
(at the Bachelor degree level) that are related to the course. Following this, specific 
competences must be defined at the course level. This can be done by a refinement 
process that arises competence hierarchies. In each hierarchy, intermediate and leaf 
nodes represent the specific competences attached to the course at different levels of 
description. Also, in a given hierarchy, each root node represents the specific compe-
tence (at the Bachelor degree level) that has been refined. 

The design of activities that conforms the assessment must be guided by the specif-
ic course competences to be acquired by learners. Therefore, it is required to establish 
appropriate mappings between the activities and the specific competences (thus, the 
alignment with the Bachelor degree specific competences is also guaranteed). It is 
important to note that one activity can deal with several specific competences. In a 
similar way, a specific competence can be practiced in several activities. For each 
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competence that is being assessed in every activity, its expected acquisition level 
should be defined. 

When the teaching and learning process takes place in a fully virtual learning envi-
ronment, this process is even more challenging. Different users are interacting with 
educational purposes for teaching and learning competences. Then the virtual scenario 
has to be simplified for working with different levels of competence acquisition and 
for making it clear for learners but also teachers. The virtual environment provides 
learners full access to knowledge, above and beyond the usual scheduling and loca-
tion constraints. Courses take place in virtual classrooms which include learning  
resources, activities, but also competences are evaluated there by teachers. In this 
context, the key challenge is to find an appropriate way to store and visualize compe-
tence information in a simple but useful way for all users. The challenge we address 
consists of a solution to facilitate teachers’ tasks and provide learners significant 
feedback about their competences acquisition.  

3 Design and Creation of a Competence Assessment Tool 

This work takes place in a virtual learning environment of a fully online higher educa-
tion institution, Universitat Oberta de Catalunya (UOC)1, a very rich environment for 
both users and stakeholders in terms of collecting requirements and designing interac-
tions. The UOC is a fully online university with more than 53,242 students and 3,666 
teachers. The university offers more than 16 degrees and 36 masters. Taking into 
account these numbers, it is clear that the design of the tools and learning environ-
ments are a strategic issue for the university since the learning experience will be 
strongly affected by the interaction design. In addition to that, in this kind of envi-
ronments, technology plays a strategic role, specially affecting educational tools and 
their users (students and teachers). Therefore, interaction between tools and users 
should be carefully designed. 

The UOC has a user-centered educational model based on activities. The whole 
learning process takes place through its virtual learning environment composed of a 
Learning Management System (LMS), learning materials, digital syllabus and as-
sessment tools. UOC students have a specific profile since they are not full time stu-
dents. Students choose UOC to update their skills and competences because they can 
overcome time and space constraints. 

According to the EHEA, each UOC course provides learners with a set of cross 
curricular competences as well as a set of specific competences. Competences tend to 
be a non intuitive concept for students when they are doing activities. Thus, compe-
tences have to be clearly defined and teachers should be able to communicate them 
easily. 

Currently, learners obtain a mark for each assignment activity with no explicit 
connection with the competences. Our proposal mainly focuses on creating a tool that 
teachers can link competences with activities and students can easily visualize it. For 

                                                           
1  http://www.uoc.edu 
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teachers, the tool should allow them to introduce and edit the competences related to 
each subject and to make explicit how each competence is achieved through the as-
signment activities. For learners, the tool should provide a general view about the 
competence acquirement progress. 

3.1 The Design Process 

The design process of this work followed the principles of ISO 13407 [16]: the active 
involvement of users and a clear understanding of the user and task requirements, an 
appropriate allocation of functions between users and technology, iteration of design 
solutions and multi-disciplinary design. Following these principles, a user centered 
design approach [5] was taken. In order to identify detailed requirements of the tool, 
user research techniques were carried-out throughout the project lifecycle to better 
understand users and their behaviors [17]. Also, these techniques were used to identi-
fy user groups that should be of highest priority during the project and their needs. 
Basic steps of user research include defining primary user groups, planning for user 
involvement, conducting research through data collection methods such as user inter-
views, validating user group definitions and as a result generating user requirements 
[4]. Two main types of requirements and user needs were identified: educational and 
technological. Educational requirements came from three main actors; educational 
institutions, teachers and students. 

The purpose of studying the educational requirements is to understand the need for 
a competence assessment and how it can be adapted to the actual context. To obtain 
educational requirements, interviews with the teachers and coordinators, and observa-
tions in the actual context were carried-out.  

Educational institutions received regulations for the administration on how to or-
ganize teaching, especially in relation to the acquisition of skills and competences. 
Teachers received instructions from their educational institution, making them add the 
concept of competence acquisition on each course and fit it into specific educational 
plans for each course. Finally, students are the third actor who is the end users of 
everything. Therefore, they should understand the concept of work and acquire skills 
and competences while progressing in the courses they are enrolled. Teacher and 
student requirements are user defined and were obtained through the interviews and 
UOC databases. 

When it comes to learner profile, most of  the students are following an online edu-
cational course for the first time and out of that 23% of students had a previous uni-
versity degree. Average age of students is 32 years and 85% are male and 15% are 
female. Also, 91% of the students have a full time job, whereas the rest are full time 
students. In addition to that, students mostly use the virtual learning environment to 
complete assignment activities, mainly in weekdays evenings and at night. They pre-
fer to have clearly defined learning goals and work on activities that require looking 
for contents rather than just reading learning contents. 

The purpose of analyzing the technological requirements is to understand the tech-
nical issues associated with the competence assessment tool and how they can  
be solved [5]. The most appropriate technologies, tools, standards, web services  
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and protocols that can be used to design and develop an appropriate competence as-
sessment tool are also analyzed. Requirements such as security, interoperability, re-
liability, user-friendliness and consistency of the tool have to be considered. More 
consideration was given for security and interoperability. Technological requirements 
were mainly established by the technological architecture of the virtual learning  
environment of the university.  

To obtain technological requirements, interviews with the system experts and ad-
ministrators helped to identify the appropriate standards and protocols that can be 
used. At the same time, study of the relevant literature was also carried-out. In this 
research, when it comes to development, the existing marking tool used at the UOC 
for all courses were also studied. However, this tool only provided marks and direct 
feedback about the marks. The competences achieved by the students were not dis-
played. Considering this, the main concern was to design and develop a generic com-
petence assessment tool which can be easily adapted to any subject and organization. 
 Also, characteristics such as reliability, consistency, usability, interoperability and 
security are needed to be considered while designing and developing the tool.  

The definition of the competence assessment tool included several functionalities 
which were really important for improving the students' experience in terms of skills 
and competences outputs. From the teachers' point of view, the competence tool 
should allow to register competences, but also to establish some relationships between 
learners-competences-activities on a course. It means that general competences have 
to be included in the tool as well as the specific ones. At the same time, these compe-
tences need to be related to each activity including the expected level of acquisition. 
From the students' point of view, the tool should be able to visualize when a compe-
tence is acquired. Therefore, when teachers introduce acquired competences students 
will be able to see them. As students advance in the course and activities are carried 
out, a competence progress bar may indicate their situation regarding the final compe-
tences to be reached. It can be noted, the marks are not included in the competence 
assessment tool because they are included in the university’s register, which is an 
independent module. 

Once the requirements were collected and analyzed, first the conceptual design of 
the system was finalized with the assistance of user profiles and scenarios. Conceptual 
design was understood as a description of the proposed system in terms of a set of 
integrated ideas and concepts about what it should do, behave, and look like, that will 
be understandable by the users in the manner intended [18]. User profiles describe the 
characteristics of typical target users and it helps to provide a clear representation of 
the person who is using the system, and potentially how they are using it [4]. Fur-
thermore, creating user profiles helps to focus on representative users by providing 
insight into “real" behaviors of “real" users. This helps to resolve conflicts that arise 
when taking design and development decisions [4 -5]. Data about user profiles were 
obtained from interviews, UOC databases and questionnaires. 

A scenario is a plausible description of the future based on a coherent set of  
assumptions. Scenarios are among the most powerful tools in product and service 
design, with uses ranging from developing requirements for ensuring that a design 
accounts for the full range of possible interactions [5]. User scenarios associated with 
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each user profile are defined to understand how they interact with the system. A goal-
directed scenario is a textual description of a user's interaction with the system. Each 
scenario begins with a specific situation, and then describes the interaction between 
user and system from the beginning of a task or session through its completion [5]. 

Based on the three main actors of the tool, three profiles were created. For each 
profile, three scenarios were created to depict the interaction between the user and the 
tool. Then the structure and the navigation of the system was designed based on the 
tasks identified through the scenarios. This is a visual way to display how content  
has been organized in the web application according to a hierarchical structure in 
order to aid the development process [4]. After designing the structure of the system 
as a visual hierarchy, interaction flow diagrams were constructed which identify the 
paths or processes that users or systems will take as they progress through the web 
application [4]. 

3.2 Prototyping and Developing the Tool 

The user interfaces were first designed as prototypes for the competence assessment 
tool which was later used for the development. The main challenge for the prototype 
was to provide a simple design solution that took into account the rich and complex 
requirements. The prototype was improved by some design iterations, through the 
evaluations carried-out with the users, before coming up with the final design of the 
tool for the development. 

The competence assessment tool was developed as a module for Moodle [19]. One of 
the reasons is that Moodle provided user management facilities and therefore the main 
consideration was needed for the tool. Another reason is that Moodle is one of the most 
commonly used LMS and any educational institution who doesn't have their own LMS 
can use it as their own. Finally, Moodle is a standardized tool and the modules should 
also be developed according to e-learning standards. Therefore, by developing the com-
petence tool as a module with the Moodle LMS, it is possible to maintain the required 
technological requirements such as security and interoperability. 

For the development, a predefined module [20] was selected and later modified ac-
cording to the requirements and the given activities. The tool required to include tax-
onomy, which consisted of the competences and subcompetences that should be 
achieved by students. Overall, the tool was developed using PHP and it stores only 
the essential information needed for this research work. Thus, the tool consists of only 
main functionalities as tabs: “Module configuration", “Subjects & topics", “Assign 
activities", “Overview of competences" and “Assessment of competences". 

Taxonomy for a particular subject is uploaded to the competence module using the 
"Module configuration" tab. Through the module configuration tab, it is possible to 
select the taxonomy for a particular degree program or a course by making appropri-
ate changes to the XML file. Therefore, this tool is developed in a general way which 
can easily be adapted to any subject or degree program only by changing the taxono-
my through the XML file.  

“Subjects & topics" tab allows selecting the appropriate subject and the topics 
based on the subjects available through the uploaded XML file. Here, it was also  
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At the end of the course, students were given a questionnaire, to obtain their feed-
back regarding the tool. Based on the results, 86% of students think that the grading 
system and evaluation for each competence is appropriate and it allowed them to see 
how they are progressing in the course on a weekly basis. Regarding the feedback, 
80% of the students appreciated it. They further mentioned that it also helped them to 
advance in the acquisition of skills and understand what it meant to acquire a compe-
tence. Accordingly, it can be concluded that the inclusion of competences in each 
activity along with its evaluation criteria based on personalized feedback has been 
well appreciated by the students and it helps them to understand the process of acquir-
ing competences. 

Teachers’ perspective was obtained through interviews. Teachers observed that the 
process of establishing the relationships between specific competences, the activities 
and the students’ assessment process is a laborious process, especially the first time it 
is performed. Moreover, they mentioned that the alignment between competences and 
activities required a continuous analysis to adjust and clarify issues regarding how 
competences have to be acquired and evaluated. However, teachers believe that such 
work is required in order to improve a teaching-learning model based on compe-
tences. Finally, in regard to the feedback, teachers think that setting the assessment 
criteria for each activity facilitates the students’ evaluation process as well as the 
feedback to be provided. That is, a clear assessment criteria helps each student under-
stand which competences have been acquired continuously. 

5 Conclusions and Discussion 

The main contribution of this paper is related to the process for designing and devel-
oping an educational tool for competence assessment. This tool summarizes the ac-
quisition of learning competences in a visual and simple way. Also, the tool helps 
teachers to easily incorporate assessment based on competences and at the same time, 
learners are provided with a diagnostic profile related to the competences developed.  

In addition to that, some interesting conclusions can be considered. A first conse-
quence of the introduction of the tool in the real case scenario is that competence 
assessment based on activities through the tool can be done. Besides, teachers men-
tioned that the work of linking activities with competences through the tool has al-
lowed them to adjust activities and competences in an accurate way. From learners 
side, they have understood the assessment process based on competences as well as 
the use of clearly specified evaluation criteria and feedback. In summary, the ap-
proach and the tool facilitated the overall process of assessing learners. 

Also, it is interesting to remark that following a user-centered design process helped 
to match teachers and learners needs. In our opinion, the conceptualization, design, 
development and evaluation in a real case scenario have been essential to obtain a sim-
ple and efficient tool. The definition of the tool would not have been possible without 
previously carrying out a requisite analysis and a detailed, reflective process, revision 
and analysis about the implications and consequences of dealing with a competence-
based learning model. Therefore, this work sketches a methodological approach which 
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offer guidelines that can help teachers to structure an assessment model based on com-
petences. Furthermore, using the tool in a real case scenario has shown that it provided 
enough support to this process, from both teachers and learners perspective.  

Regarding the future work, we consider two main issues to be investigated. On the 
one hand, it is necessary to progressively extend the use of the tool to different kind of 
courses, to make it as general as possible but adaptable to different learning needs. On 
the other hand, it is necessary to study how to capture the students’ global progress 
regarding to the acquisition of the whole specific competences associated with the 
degree, because one specific competence should be acquired and assessed (probably 
at different levels) in several (related) courses. This implies, at least two different 
objectives: firstly, to represent new data in the competence assessment tool, in order 
to keep track of the learners’ competence progress in the different courses; secondly, 
 to define new functionalities to be added to the tool. For instance, from the learners’ 
perspective, the tool should show their progress about the whole degree where they 
are enrolled. Moreover, this functionality should be available outside of the context of 
a specific course, probably attached to their academic information. 
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Abstract. The technological innovations of the last decades and the appearance 
of the Web 2.0 have triggered various advancements in the field of education in 
general and language teaching and learning in particular. The weblog or blog is 
nowadays one of the most popular Information Communication Technology 
(ICT) tools used for educational purposes, thus research on the use of blogs in 
education has seen increasing interest. This paper examines blogging as a learn-
ing tool in the instruction of English for Specific Academic Purposes (ESAP)  
in tertiary education. It explores the possibilities and pedagogical value offered 
by using weblogs in language learning, as well as university students’ attitudes 
towards the use of blogs in their language courses.  

Keywords: blogs, language learning, language teaching, ESAP, ICT, CMC, 
BALL, New Technologies. 

1 Introduction 

Developments in Information and Communication Technologies (ICT) have had an 
impact on every facet of our lives including language education. Since the initiation 
of Web 2.0 at the beginning of the new millennium, interpersonal interaction through 
technology has been enhanced transforming all aspects of the teaching and learning 
process (Dudeney & Hockly, 2012). Terms such as Computer-mediated Communica-
tion (CMC) have evolved changing the role of both the language instructor and the 
language learner in the classroom. 

In this era of vast technological advancements the weblog or blog constitutes one 
of the most widely embraced and easy-to-use ‘Internet publishing tools’ (Richardson, 
2009: 2) as well as one of the most popular pedagogical applications. A blog ‘can  
be thought of as an online journal that an individual can continuously update with his 
or her own words, ideas, and thoughts through software that enables one to easily do 
so’ (Campell, 2003). It is a type of website the entries of which appear in reverse 
chronological order, a ‘web diary’ as Wu (2006: 69) characterizes it. Amongst the 
main features of blogs are that they are easy to use, they are interactive, since they 
allow readers to send comments, and they can combine text, podcasts, pictures, music, 
videos and many other types of visual design.  

The ways in which blogs can be incorporated in the language teaching and learning 
process are various. Throughout the years blogging has been used either as an occasional 
activity supplementing the teaching and learning process or as a tool with a principal role 
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in the educational experience. Campbell (2003) has suggested three types of blogs that 
have been widely adopted by language educators: the tutor blog, the learner blog and the 
class blog. According to Campbell, the tutor blog, a blog created and run by the tutor, can 
serve as a means for the tutor to send entries to the learners providing them with the op-
portunity for daily reading practice. Through the tutor blog, the learner is encouraged to 
explore other English websites and therefore their confidence in using English websites is 
increased. Furthermore, the tutor blog provides the opportunity for online verbal commu-
nication to be encouraged since blogs allow readers to send comments, and it can also 
serve as a means for the tutor to provide learners with useful information about the 
course or the syllabus. Finally, it can be a resource of links for self-study. The learner 
blog, on the other hand, is the blog which is created and run by either one learner or a 
collaborative group of learners. Campbell claims that this type of blog encourages the use 
of search engines and internet surfing in English. Such blogs can be used as journals for 
writing practice and personal expression and they help the learners to develop a ‘sense of 
ownership’. In addition, the fact that the blog can be read by anyone provides learners 
with the opportunity for authentic communication in the target language. Lastly, the third 
type of blog, the class blog, refers to the blogs which are created and run collaboratively 
by a whole class. In this case, blogs can serve as a ‘free-form bulletin board’ for learners 
to communicate and post their thoughts. They can also prove useful in cases where learn-
ers want to develop online resources for other people. Additionally, class blogs could be 
used for language exchange between learners from different countries who have publish-
ing rights to the blog. 

The widespread use of blogs in language education has inaugurated the develop-
ment of an innovative research field, the area of Blog Assisted Language Learning 
(BALL), as Ward (2004) names it. Several research studies have been conducted on 
the use of blogs in language teaching and learning which demonstrate how language 
educators have utilized this tool to facilitate the learning process. The majority of 
these studies concentrate on the integration of blogging in the development of writing 
skills (Arslan and Sahin-Kizil, 2010; Fageeh, 2011; Kashani, Mahmud & Kalajahi, 
2013; Lou et al., 2010; Sayed, 2010; Sun, 2010). Apart from improving writing skills 
however, the weblog also appears to be supportive for oral practice as well. Sun 
(2009), investigated the use of voice blogs for extensive study of learners’ speaking 
skills and found that the nature of blogs allowed learners to express themselves freely 
in the target language promoting thus the development of fluency. 

Various other studies have demonstrated that blogging can be very beneficial for 
language learning in general (Arena & Jefferson, 2008; Bartlett-Bragg, 2004; Baturay 
& Daloglu, 2010; Galien & Bowcher, 2010; Kavaliauskiene, 2007; Liou, 2011; Mice-
li, Murray & Kennedy, 2010; Richardson, 2009; Seitzinger, 2006). According to these 
studies, blogging in English language learning is a very enjoyable activity that raises 
language awareness, enhances learners’ motivation, and promotes collaborative and 
autonomous learning. Most importantly, due to the journal nature of blogs, learners 
are engaged in contextualized and meaningful use of language and furthermore they 
are exposed to situations of authentic language use. Moreover, running a blog pro-
vides learners with the opportunity for reflection on their performance. Arena (2008, 
p.3) claims that blogging also promotes higher order thinking skills since in order to 
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establish a conversation and to construct knowledge collectively, learners and instruc-
tors will have to ‘go beyond superficialities, posting entries that increase reflection, 
analysis, discussion and synthesis’. Furthermore, blogging allows interaction with an 
international audience and thus the classroom expands breaking the physical con-
straints of a limited room. The use of blogs also develops a strong sense of communi-
ty among the learners (Miceli, Murray & Kennedy, 2010). Seitzinger (2006) as well 
as Richardson (2009) additionally state that blogs enhance constructivist learning 
according to which learning should be active and manipulative, constructive and ref-
lective, intentional, authentic and cooperative. Previous research also shows that 
blogging is an excellent way to develop listening or reading skills and it is also a tool 
that allows for each learner to keep an individual record of their work, to create an e-
portfolio in other words. Finally, it is generally accepted that running a blog provides 
the learner with the opportunity to cater for their own learning style following their 
own learning pace. 

The disadvantages reported in the literature mostly concentrate on practical and 
technical aspects such as difficulties in creating a blog account especially in cases 
where students do not possess sufficient technological literacy. Forgotten usernames 
and passwords and failure to keep the blog updated are some other weaknesses of 
blogs spotted by research conducted in the field (Kavaliauskiene, 2007). Nevertheless, 
whatever the shortcomings, apparently they are incapable of surmounting the benefits 
deriving from the use of blogs in the language teaching and learning process. 

2 Research Objectives 

The purpose of the study was to explore the possibilities and the pedagogical value 
offered by using weblogs in language learning, as well as to examine university stu-
dents’ attitudes towards the use of blogs in their English for Specific Academic Pur-
poses (ESAP) courses. The study was a research initiative aiming at improving ESAP 
language course instruction through the use of a Web 2.0 tool that would help develop 
students’ language skills, and increase interaction, collaboration and learner autonomy 
through asynchronous communication and exposure to various task-based activities.  

3 Context  

The research was carried out at the Language Centre of the Cyprus University of 
Technology (CUT) and it involved undergraduate students attending English for Spe-
cific Academic Purposes courses during their first academic year of study. The CUT 
is a newly founded university aspiring to become a pioneering, high-tech institution. 
The Language Centre of the CUT offers to its students the opportunity to learn for-
eign languages in a very friendly environment and with the use of the latest theories, 
methods and materials that are used in the teaching and learning of languages, includ-
ing New Technologies. Language classes take place in the university’s classrooms, 
most of which are equipped with computers and other technologies allowing access to 
the Internet at all times. ESAP courses are mandatory for all first-year students.  
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The blogs constructed for the ESAP courses were class blogs run by the research-
ers who were also the language instructors. All of the learners were invited to the 
class blog and they were encouraged to contribute to it. The class blogs were created 
using the Blogger.com platform and they were mainly used for writing practice even 
though they were employed for the completion of listening and reading tasks as well. 
They also served as a useful tool for the organization of the course and for posting 
material, announcements and useful links. Furthermore, the class blogs provided 
space on the Web for learners to upload their assignments and to communicate with 
their peers and the instructor offering and receiving feedback on the posted work. The 
class blog finally provided opportunities for reflection and introspection.  

4 Participants 

A total of one hundred and three (103) undergraduate students from four different 
university departments of the Cyprus University of Technology participated in the 
study. Twenty-eight students majored in Hotel and Tourism Management, sixteen 
students studied Agricultural Sciences, Biotechnology and Food Science, thirty-one 
students studied Commerce, Finance and Shipping, and twenty-eight students studied 
in the Mechanical Engineering, Materials Science and Engineering Department.  
The vast majority of students (93.2%) were of Cypriot origin. Gender was  
equally represented in the sample with 47.6% male and 52.4% female students. Most 
students (78.6%) were novices in the use of blogs and only 21.4% of them had expe-
rienced blogging before using the particular blog for their English course. However, 
participants exhibited experience with and exposure to other technologies, such as 
Facebook, Skype, Oovoo, Google+, and YouTube, amongst others. Most students 
indicated that they spent approximately five to twenty hours per week on the Internet. 

5 Measure 

For the purposes of the study a questionnaire was designed by the researchers in order to 
explore the affordances and the pedagogical value offered by using weblogs in language 
learning, as well as to measure the university students’ attitudes towards the use of blogs 
in their ESAP courses. The questionnaires were administered at the end of the semester 
and requested the voluntary participation of students in order to yield useful information 
regarding blogging in English for Specific Purposes (ESP) courses. The questionnaires 
were anonymous and included mostly Likert-type questions pertaining to the usage of 
blogs, benefits and challenges of the particular Web 2.0 tool, as well as motivating and 
demotivating factors in using blogging for learning purposes. Some open-ended ques-
tions that allowed for reflection and further expression on the students’ part were also 
included in the questionnaire. After receiving the completed questionnaires, data were 
entered in SPSS for statistical analysis. Quantitative data analyses were performed using 
frequencies and t-test analysis for differences between groups.  
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6 Results 

Results that emerged from the analysis of the questionnaires indicated that, overall, 
students seemed to have a positive attitude towards blogging in a language class and 
considered the blog to be a user-friendly tool that could be easily navigated. The vast 
majority of the students indicated that they found the class blog easy to use (79.3%), 
and that they felt comfortable participating in the activities undertaken on the blog 
(91%). It is important to note that the language instructors provided students with 
instructions on how to use the class blogs at the beginning of the semester, and con-
tinued providing guidance throughout the whole semester. Most students (93%) indi-
cated that they found their teachers’ instructors easy to follow and considered their 
guidance very helpful. 

6.1 Use of Blogs 

Most students (85.4%) indicated that they spent approximately two hours per week on 
their language class blog, and fewer students (13.6%) used the blogs for around three 
to five hours per week. As an asynchronous tool, the blog allowed students to visit it 
both from class but also from home. Students mostly engaged in the blog activities 
during the class with the instructors facilitating the whole process. However, they 
were given the opportunity to revisit the content after class time in order to reflect on 
it, revise it, or look at the comments made either by peers or the teacher. A big per-
centage of the participants (71.6%) appeared to have enjoyed using the blog as part of 
their language class, and considered it to be a useful part of the course (86.1%). Fur-
thermore, the vast majority of the sample indicated that they would like to use the 
blog again in the future as a learning tool both for a language class (73.8%) and for 
other university courses (79.6%). 

The class blogs were incorporated in the specific language courses from the first 
weeks of the semester and activities to be undertaken on them were assigned through-
out the whole semester. Students’ participation in the blogs was constantly evaluated, 
reviewed and assessed, and part of the students’ overall final grade in the course de-
pended on their contribution to the class blog. Therefore, students realized that the 
blog constituted an integral part of the course early on and valued it as a learning and 
assessment tool that would have a determining role in their learning, but also in their 
achievement grade. This finding emerges from the way the students carried out the 
various blog activities. Based on their responses on the questionnaire, students appear 
to have engaged in certain practices typical of the ones they engage in when employ-
ing more traditional ways of learning, such as writing a draft, using the dictionary, 
checking the spelling, and searching the internet. Specifically, 21.6% of the respon-
dents indicated that they wrote a draft of their blog post before they submitted it, and 
a higher percentage (48%) used the dictionary while they were writing their blog post. 
Moreover, 44.0% of the students indicated that they used the spell check before they 
submitted their blog post, and 68.0% of the sample searched the internet for informa-
tion in order to complete a task on the blog. Such practices demonstrate that students 
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Table 1. Gender differences regarding students’ concerns about the class blog 

     Concerns/University n M SD P 

Embarrassment because blogs were accessible by 
peers  

       

Male
48 1.85 ,825  

.018 

Female
51 2.20 ,800 

Pressure because of the new experience        

Male
48 2.00 ,851  

.023 

Female
54 2.33 ,727 

Increase in workload because of the blog        

Male
48 2.21 ,743  

.060 

Female
54 2,56 ,718 

Notes:  Questionnaire scale responses were as follows: 1: strongly disagree; 2: 
disagree; 3: agree; 4: strongly agree. 

The P value is below .05 level of significance. 

6.5 Benefits of the Class Blogs  

The study explored students’ attitudes towards blogging in specific learning areas and 
practices. Overall, students considered the class blogs to be very beneficial in multiple 
ways. Table 2 indicates the areas and practices benefitted by the blogs as these were 
identified by the sample. The table shows that a big part of the sample feels that blogs 
were beneficial in a number of learning areas and practices. However, the study 
yielded interesting results with regard to differences in attitudes towards the benefits 
of blogs between experienced bloggers and novice users. The analysis of the students’ 
responses indicated that the students who had tried blogging prior to their participa-
tion in the specific blog appear to feel more benefitted from their language blog 
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Table 2. Areas and practices benefitted by the blogs as identified by the students 

Reasons 

 

Percent 

Receiving constructive feedback from the teacher 77.4 

Communicating with the teacher 77.2 

Completing writing assignments 76.5 

Archiving my work and using the blog as a portfolio 73.5 

Increasing my motivation for class activities 73.5 

Reading important announcements 73.2 

Working together with my fellow students 72.7 

Expressing my thoughts and ideas 72.0 

Being creative with my assignments 71.7 

Sharing ideas with my fellow students 69.6 

Keeping up-to-date with the course material 69.6 

Working by myself outside the class 53.9 

 
compared to the students who had never blogged before. Specifically, beginners in the 
blogosphere felt benefitted by the blogs to a lesser extent in the areas of learner autono-
my and collaboration with peers. Finally, further examination of differences among 
groups indicated that attitudes towards the benefits of blogs in the areas of learner au-
tonomy, collaboration with peers, as well as in the area of creativity seem to be in-
formed by students’ overall achievement and performance in the course.  

7 Discussion 

This study yielded interesting findings that are in line with other research findings 
pertaining to the possibilities and the pedagogical value offered by using blogs in 
language learning, as well as with regard to the students’ attitudes towards the use of 
blogs in their university ESAP courses. The results that emerged from the question-
naires indicated that, overall, students appear to have had a positive reaction towards 
blogging as part of their language course, and considered this tool to be beneficial in 
multiple ways.  
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The use of blogs in the specific ESAP courses was well received by the vast major-
ity of the participants who found this tool very user friendly and felt happy carrying 
out activities in this learning environment. Students were allowed access and sharing 
of information from any location and this gave them the opportunity to interact and 
collaborate through asynchronous communication outside the class and beyond the 
strict class hours.  

The blog was considered as an integral part of the course and it was recognized as 
an additional learning tool that would facilitate language learning and that would 
determine students’ overall assessment in the course. For this reason, most partici-
pants were found to have engaged in typical practices that are usually employed in 
traditional modes of learning, such as writing a draft, using the dictionary, checking 
spelling, and searching the internet whenever a task was assigned on the blog. Stu-
dents felt that the blog provided them with a supplementary educational context 
where learning occurred either individually or collaboratively with constant facilita-
tion on behalf of the instructor.  

Students’ attitudes towards their blogging experience were explored through the 
questionnaires. The vast majority of the respondents appears to have had positive 
attitudes towards the class blog and seems to have recognized that this tool produced 
unique educational affordances for them. Specifically, students indicated that with 
their active participation in the blog, their skills in English were developed, focusing 
on their improvement in expressing themselves in writing. Students also highlighted 
the increase of interaction between themselves and their instructor and among their 
fellow students through the assigned blog tasks. Interestingly, they indicated that be-
ing part of the class blog, they set up a community where collaboration and interac-
tion were promoted. 

Another important finding that emerged from the study related to students’ motiva-
tion which seems to have been at high levels when undertaking activities on the class 
blog. Students exhibited willingness and interest, and sometimes even excitement 
about the various blog tasks. Further exploration in what motivated students to active-
ly participate in the blogs indicated that the most motivating factor was that writing 
on the blog was considered to be easier than writing on paper, followed by the stu-
dents’ view that through the blog they felt their skills in English were improved. At 
the same time, an examination of the factors that discouraged students from actively 
contributing to the blog indicated that students would have liked to participate more, 
but they weren’t sure they would have anything valuable to contribute. Also, some 
students were interested in participating, but they had difficulty coming to terms with 
the new technology. 

The study also yielded interesting results with regards to gender differences in stu-
dents’ attitudes towards blogging in class. Specifically, female students appear to 
have felt more embarrassed than their male peers when they published their posts on 
the blog as everybody could read them and criticize their performance. In addition, 
female students appear to have been overwhelmed with the new technology that was 
added to the course to a greater extent than male students and indicated that they felt 
pressure and that their workload had increased. This finding is in line with other re-
search findings that show female students to be more concerned with issues of privacy 
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when writing on the net, as well as with regard to confidence in using ICT and han-
dling new experiences with technology tools.  

Other differences that emerged from the research centre on students’ perceived at-
titudes towards the benefits of blogs in certain areas and practices in language learn-
ing. Specifically, beginners in the blogosphere felt benefitted by the blogs to a lesser 
extent in the areas of learner autonomy and collaboration with peers, compared to 
more experienced users. Finally, attitudes towards the benefits of blogs in the areas of 
learner autonomy, collaboration with peers, as well as creativity were also affected by 
the students’ overall achievement and performance in the course. High achieving 
students appeared to feel much benefitted by blogs when working by themselves out-
side the class and when working together with their fellow students in collaborative 
assignments. They also seemed to value the class blogs in the area of creativity in the 
assigned tasks. Medium achieving students and low achieving ones appeared to feel 
benefitted in these specific areas and practices as well but to a lesser extent. 

However, an overall examination of the students’ perceived benefits of blogs in 
their ESAP courses indicated that various areas may be afforded by this Web 2.0 tool. 
As identified by the respondents, blogs can be very beneficial for receiving construc-
tive feedback from and communicating with the language instructor. Moreover,  
students focused on the benefits of blogs in helping them develop their writing com-
petencies, as well as in being creative with their assignments, and in enhancing learn-
er autonomy and collaboration with peers. Finally, respondents viewed the class blog 
as a useful course management tool that allowed them to archive their work and stay 
in touch with the course material. 

8 Conclusion 

Technology seems to have become an integral part of teaching and learning in the 
recent years. Some students are willing to engage and participate in new ways of 
learning, while others are more reluctant to move from the traditional learning mode 
to which they are accustomed. Participants in this study appear to have developed 
positive attitudes towards the language class blogs and viewed this tool as an educa-
tional space where they learned, they interacted, they collaborated, and they belonged 
together. More in-depth research could point to a further understanding of the peda-
gogical value of blogs in language learning. All in all, the insights gained from the 
research help take the discussion of using Web 2.0 for learning purposes forward and 
could assist language instructors in developing a better strategy for incorporating this 
type of tool in language courses.  

References 

1. Arena, C., Jefferson, C.T.: Blogging in the Language Classroom: It Doesn’t “Simply Hap-
pen”. TESL-EJ 11(4), 1–7 (2008) 

2. Arslan, R.S., Sahin-Kizil, A.: How can the use of blog software facilitate the writing 
process of English language learners? Computer Assisted Language Learning 23(3),  
183–197 (2010) 



106 A. Nicolaou and E.K. Constantinou 

 

3. Bartlett-Bragg, A.: Blogging to Learn. The Knowledge Tree (2003), http:// 
www.csus.edu/indiv/s/stonerm/blogging_to_learn.pdf (retrieved May 
25, 2011) 

4. Baturay, M.H., Daloglu, A.: E-portfolio Assessment in an Online English Language 
Course. Computer Assisted Language Learning 23(5), 413–428 (2010) 

5. Campbell, A.P.: Weblogs for Use with ESL Classes. The Internet TESL Journal IX(2) 
(2003), http://iteslj.org/Techniques/Campbell-Weblogs.html  
(retrieved May 25, 2011)  

6. Dudeney, G., Hockly, N.: ICT in ELT: how did we get here and where are we going? ELT 
Journal 66(4), 533–542 (2012), http://eltj.oxfordjournals.org/content/ 
66/4/533.abstract (retrieved January 30, 2014) 

7. Fageeh, A.I.: EFL Learners’ Use of Blogging for Developing Writing Skills and Enhanc-
ing Attitudes Towards English Learning: An Exploratory Research. Journal of Language 
and Literature 2(1), 31–48 (2011) 

8. Galien, P., Bowcher, W.L.: Using Blogs in ESL/EFL Teaching and Teacher-Training. 
Asian EFL Journal. Professional Teaching Articles 42, 4–23 (2010) 

9. Kashani, H., Mahmud, R.B., Kalajahi, S.A.R.: Comparing the Effect of Blogging as well 
as Pen-and Paper on the Essay Writing Performance of Iranian Graduate Students. English 
Language Teaching 6(10), 202–218 (2013) 

10. Kavaliauskiene, G.: Weblogs in Language Teaching and Learning. The Journal of Teach-
ing English with Technology 7(1) (2007), http://www.tewtjournal.org/ 
VOL%207/ISSUE%201/03_WEBLOGSINLANGUAGE.pdf (retrieved May 10, 2011)  

11. Liou, H.: Blogging, Collaborative Writing, and Multimodal Literacy in an EFL Context. 
In: Levy, M., Blin, F., Siskin, C.B., Takeuchi, O. (eds.) WorldCALL International Pers-
pectives on Computer-Assisted Language Learning, pp. 3–18. Routledge, New York 
(2011) 

12. Lou, S.J., Wu, S.C., Shih, R.C., Tseng, K.H.: Adoption of blogging by a Chinese language 
composition class in a vocational high school in Taiwan. Australasian Journal of Educa-
tional Technolog 26(6), 898–916 (2010) 

13. Miceli, T., Murray, S.V., Kennedy, C.: Using an L2 Blog to Enhance Learners’ Participa-
tion and Sense of Community. Computer Assisted Language Learning 23(4), 321–341 
(2010) 

14. Richardson, W.: Blogs, Wikis, Podcasts and Other Powerful Tools for Classrooms. Corwin 
Press, California (2009) 

15. Sayed, O.H.: Developing Business Management Students’ Persuasive Writing Through 
Blog-based Peer-Feedback. English Language Teaching 3(3), 54–66 (2010) 

16. Seitsinger, J.: Be Constructive: Blogs, Podcasts, and Wikis as Constructivists Learning 
Tools. The eLearning Guild’s Learning Solutions, 1–15 (July 31, 2006) 

17. Sun, Y.: Voice Blog: An Exploratory Study of Language Learning. Language Learning 
and Technology 13(2), 88–103 (2009) 

18. Sun, Y.C.: Extensive writing in foreign-language classrooms: a blogging approach. Inno-
vations in Education and Teaching International 47(3), 327–339 (2010) 

19. Ward, J.M.: Blog Assisted Language Learning (BALL): Push button publishing for the 
pupils. TEFL Web Journal 3(1) (2004), http://www.esp-world.info/ 
articles_26/push%20button%20publishing%20ward%202004.pdf  
(retrieved February 18, 2014) 

20. Wu, C.: Blogs in TEFL: A New Promising Vehicle. US-China Education Review 3(5),  
69–73 (2006) 

 



 

P. Zaphiris and A. Ioannou (Eds.): LCT 2014, Part I, LNCS 8523, pp. 107–118, 2014. 
© Springer International Publishing Switzerland 2014 

Learner Engagement in Computer-Supported 
Collaborative Learning Activities: Natural or Nurtured? 

Andriani Piki  

P.A. College, Larnaca, Cyprus 
a.piki@faculty.pacollege.ac.cy 

Abstract. Drawing on a mixed-methods study this paper aims to investigate 
what constitutes learner engagement and how postgraduate students engage in 
computer-supported collaborative learning (CSCL) activities (such as video-
conferencing and blogging) in a real-life setting. This research contributes to 
current literature by proposing the WISE Taxonomy of Learner Engagement 
Archetypes which portrays the most universal engagement approaches that 
emerged within the studied context. The findings show that CSCL activities 
may engage postgraduate students irrespective of their perceived preference 
over individual or social learning. The findings also suggest that given certain 
conditions students may strategically disengage from CSCL activities and as a 
result they may fail to appreciate CSCL as an authentic activity which leverages 
the opportunity to learn from and with each other, as well as from the wide 
range of digital resources openly available to them.  

Keywords: learner engagement, computer-supported collaborative learning, 
collaborative technologies, postgraduate education. 

1 Introduction 

Living, working, and learning in todays’ knowledge society one cannot escape from 
the vast amount of information openly available online. Furthermore, innovations in 
technology use have transformed the way we interact throughout all facets of our 
lives. Consecutively, learners in educational, professional, and social contexts are no 
longer mere receivers of information; collaborative educational technology allows 
them to act, react, and interact yielding new forms of knowledge which is in turn 
shared and made available to others. Hence, the question is no longer whether tech-
nology should be employed in education or not; the question is how we can engage 
students to assertively share, manage, and acquire new knowledge as well as develop 
their digital competences within computer-supported collaborative learning (CSCL) 
environments. Accordingly, the role of higher education in the digital age goes 
beyond equipping students with subject-oriented knowledge and skills. While educa-
tors need to instigate student interest towards a specific subject matter, at the  
same time they need to activate their engagement towards all aspects of learning  
(Piki 2010).  
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One of the main arguments put forward by proponents of CSCL is the ‘engaging’ 
nature of collaborative technologies (CTs). It has been argued that CTs provide tre-
mendous potential for promoting learner engagement and collaboration, providing 
creative mechanisms for teaching and learning, and improving the learning outcomes 
(Clarke et al. 2008; Stahl et al. 2006). However, despite the profound benefits of 
emerging CTs and CSCL practices, there seems to be limited evidence contributing to 
our understanding of how – and indeed whether – learners naturally engage with 
CSCL tasks. There seems to be a persistent belief that the integration of technology in 
the curriculum will automatically transform the ways learners engage and collaborate 
with each other as part of their learning. Still, the varied assumptions that exist on the 
nature of learner engagement in CSCL activities are yet not fully empirically ex-
plored. Hence, the focus of this paper is not on learning per se; rather it is on how 
learners engage with learning activities which are mediated by technology. Further-
more, while many studies have explored the benefits and challenges inherent in CSCL 
in both formal and informal settings, its application at postgraduate education has yet 
to be broadly investigated. Therefore the selected milieu for this study was situated 
within postgraduate education. 

The research presented here seeks to explore whether learner engagement is some-
thing that comes naturally due to the presence of CTs in teaching and learning prac-
tices, whether it is a skill or competence that can be nurtured, or indeed, whether it 
reflects an even more multifaceted concept. The paper draws on a mixed-methods 
study which aims to investigate the ways in which postgraduate students engage in 
knowledge sharing and collaborative activities through technology. More specifically, 
the focus is on how postgraduate learners engage in real-life CSCL activities, such as 
blogging and participating in video-conferencing group discussions. 

The paper first sets the background to the research and then discusses the metho-
dology and research design employed in the study. The analytical framework and the 
key findings are presented next followed by a discussion of the findings and the im-
plications for practice. The study limitations and suggestions for further research are 
also discussed. 

2 Background 

CSCL is a robust interdisciplinary field with strong foundations in previous theory 
and research. Its roots can be traced back to the social-constructivist paradigm which 
is based on the tenet that individuals learn as they verify and improve their mental 
models through discussion, information sharing, and negotiating meanings with others 
(Dillenbourg 1999; Grabinger et al. 2007; Stahl et al. 2006). Key scholars in the field 
suggest that collaborative learning goes beyond an aggregation of individual efforts 
arguing that “collaborative learning involves individual learning, but is not reducible 
to it” (Stahl et al. 2006, p. 3). Dillenbourg (1999) also emphasizes that interactions 
among peers generate higher order mental processes which are conducive to learning.  

Unquestionably, the applicability of CTs in education holds voluminous opportuni-
ties for generating novel ways of knowing, learning, and collaborating and for offering 
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“creative activities of intellectual exploration and social interaction” (Stahl et al. 2006, 
p. 2). Notwithstanding the continuous developments in CTs, the foundation of CSCL 
research remains to be “centrally concerned with meaning and the practices of meaning 
making in the context of joint activity, and the ways in which these practices are me-
diated through designed artifacts” (Koschmann, 2002, p. 18). Towards this end, the 
main challenge facing educators is making an effective and impactful use of the availa-
ble CTs in order to facilitate learner engagement, en route for enhanced learner 
achievement and improved learning outcomes. Yet, to exploit the proclaimed benefits of 
CTs it is necessary to explore and understand how students are likely to engage in real-
life CSCL settings and the plausible mechanisms that underpin their ongoing interac-
tions – both with each other and with the learning content. The current research attempts 
to address these issues. Although the value of collaborative learning has been advocated 
for decades, it is argued that new pedagogical models are needed in order to address the 
complex issues involved in collaborative learning practices when these are mediated by 
technology (Jaques & Salmon 2007; Piki 2010). 

In recent educational research, the importance of student motivation and engage-
ment has shifted from peripheral to central (Murphy & Alexander 2000; Pintrich 
2003). In the very broadest sense, learner engagement refers to a “student’s willing-
ness, need, desire and compulsion to participate in, and be successful in, the learning 
process promoting higher level thinking for enduring understanding” (Bomia et al. 
1997, p. 294). Engagement occurs when the student is involved in “active cognitive 
processes such as creating, problem-solving, reasoning, decision-making, and evalua-
tion” (Kearsley & Shneiderman 1999, p. 1). It is also argued that “while in principle, 
such engagement could occur without the use of technology, [...] technology can faci-
litate engagement in ways which are difficult to achieve otherwise” (Kearsley and 
Shneiderman 1999, p.1).  

Motivational literature is closely related with the study of academic achievement 
and development (Murphy & Alexander 2000), and appears to be central to research 
in learning and teaching contexts (Pintrich 2003). The studied literature seems to sug-
gest that engagement is a complex and multifaceted concept (Ainley 2004; Murphy & 
Alexander 2000) with behavioral, affective and reflective facets. However, no exist-
ing theory seems to collectively consider all these dimensions of learner engagement 
with CSCL. This presents a need for models which explicitly address the complexity 
and dynamics embedded in learner engagement in – real-life rather than laboratory-
based – CSCL activities. Therefore, in the context of this study a holistic view of 
learner engagement is taken in an attempt to capture the most prominent patterns of 
engagement that emerged within the real-life CSCL setting under investigation.  

3 Methodology and Research Design 

3.1 Research Setting and Participants 

The chosen milieu for conducting the study is a postgraduate degree in the interdiscip-
linary field of Business Information Systems undertaken at a Higher Education Insti-
tution (HEI) in the UK. The choice of postgraduate education was triggered by the 
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observation that within CSCL literature there seems to be a limited number of empiri-
cal studies conducted at postgraduate level. This observation coupled with the fact 
that HEIs are experiencing a rise in the number of students undertaking postgraduate 
degrees – a situation linked closely with the current critical financial situation – made 
the particular setting a favorable choice. 

The participants were the students registered in two consecutive cohorts of the  
degree (approximately 45 students per year). The student cohorts were far from ho-
mogeneous in terms of age, nationality, academic background, and previous work 
experience. Each cohort included graduates from various degrees including Computer 
Science, Engineering, Business Administration, Accounting, and Marketing amongst 
others. Students were in the age range of early twenties to mid-forties. More than two 
thirds of the students had previous work experience or were working in conjunction 
with their studies. Furthermore, the participants formed a multicultural group includ-
ing students from 23 different countries across Asia, Europe, Africa, and America.  

The students were participating in CSCL activities such as blogging and discus-
sions through video-conferencing. The learning objective of the video-conferencing 
tasks was to enhance their understanding of the course material by discussing it with 
peers while also gain hands-on experience with technology-mediated collaboration. 
Students were assigned into groups by the lecturer. The participating groups were 
located in different rooms but within the same building for practical reasons. Learning 
tasks included case study analysis, decision making, and creation of joint artifacts 
(such as reports, flow charts, or diagrams). Students reconvened after each video-
conference and a discussions session followed where the lecturer as well as other 
students provided feedback and suggestions to the participating groups. Each student 
group also had to create and maintain a blog. The learning objective of the blogging 
tasks was to encourage students to reflect on their understanding and report on their 
learning experiences and the skills and competences they developed during the lec-
ture, the workshops, and through their subject-related reading. Students were encour-
aged to read other groups’ blogs and comment on their peers’ posts but the frequency 
of blogging was neither strictly prescribed by the lecturer nor formally assessed. 

The students’ behavior was observed both in the classroom and online. Due to the 
numerous variables and the complexity of the real-life setting being studied, the focus 
was not on differentiating on how individuals from different countries, academic 
backgrounds, or age groups engage; rather the aim was to identify the different forms 
of engagement which are prominent across individuals within the studied setting. 
More specifically, the focus was on the nature of the observed engagement behaviors 
and on the students’ self-reports on how they engage and why. 

3.2 Research Methods and Data Collection Methods 

The research method employed is a collective (Stake 1995), ethnographic case study. 
Philosophically, middle-range, mixed-methods research approaches value both qualit-
ative and quantitative data collection methods. In this study, prolonged participant 
observation was enriched with additional data collected through in-depth, semi-
structured focus groups; examination of students’ blogs; photographic material and 
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video-recordings of students while participating in video-conferencing sessions, as 
well as student questionnaires. Follow-up interviews and informal discussions (with 
both students and lecturers) also complemented the collected evidence and helped to 
validate initial patterns emerging in the course of the research. Many scholars pro-
mote the knowledge produced by mixed-methods research approaches (Creswell & 
Plano Clark 2011; Johnson & Onwuegbuzie 2004; Tashakkori & Teddlie 2003, 2010).  

The research design adopted in the study involved a number of iterations between 
inductive and deductive reasoning towards devising a coherent set of theoretical ideas 
(Onwuegbuzie & Teddlie 2003). Indeed, theoretical ideas and empirical insights were 
constantly informing each other in a stimulating and illuminating way. This iterative 
process is central to grounded theorizing whereby data are used to form tentative 
ideas or propositions which in turn inform further data collection, interpretation, and 
sense making (Hammersley & Atkisnon 2007). For instance, while some students said 
they usually prefer to learn in groups and that they learn best when working with oth-
ers, their contribution on the blogs was limited. This observation motivated deeper 
investigation into what might create a discrepancy between what students say they 
prefer and what they actually do, rather than taking any of the two sources of evi-
dence at face value. The opportunity to present divergent views would not be possible 
without the collection of diverse types of data (Tashakkori & Teddlie 2003). The 
selected research design permitted a deeper understanding of which combinations of 
factors or characteristics lead to different types of engagement with CSCL activities.  

4 Data Analysis and Key Findings 

4.1 Analytical Framework 

Analyzing data in mixed-methods research is one of the most challenging steps of the 
research process (Onwuegbuzie & Combs 2010). The multiplicity of the data sources 
used in the study, coupled with the longitudinal nature of the research, has generated a 
great amount of rich data in different formats (words, numbers, photographic and 
video-recorded material). Therefore an analytical framework was devised for guiding 
data analysis. In this respect, NVivo® was a useful tool not only for coding data but 
also for managing ongoing analytical steps. Data analysis involved data reduction 
techniques (Creswell 2002; Namey et al. 2007) aiming at identifying the most domi-
nant themes inherent in the data related to learner engagement. This approach in-
tended to make sense of the actions and perceptions of the informants (Hammersley & 
Atkinson 2007). Specifically, the ways students reasoned about their engagement 
were compared and contrasted with the observed patterns of student engagement to 
strengthen the interpretation and description of the phenomenon of learner engage-
ment. The emphasis was placed on understanding social action ‘in context’ that is, 
what learners do, how, and why within the selected milieu. Emergent themes were 
then classified into thematic categories and relationships between them were explored 
(Miles & Huberman 1994). The purpose of analyzing the collected data was to gain a 
deeper understanding of learner engagement in CSCL activities. 
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4.2 WISE Taxonomy of Learner Engagement Archetypes 

The themes that emerged from the study can contribute to our understanding of how 
postgraduate students engage in CSCL activities. Learner engagement emerged as a 
three-dimensional concept which incorporates the ways in which postgraduate stu-
dents (i) approach, participate in, or act upon a CSCL task (behavioral dimension), (ii) 
think about the task or reflect about the way in which they approach the task (intellec-
tual dimension), (iii) feel when participating in the task (affective dimension).  

During the higher-order analytical stages of the research, an attempt was made to 
evaluate and select a set of variables which could collectively help to operationalize 
the level of engagement across each of the three dimensions. This was deemed neces-
sary following the prominent observation that an individual student may engage diffe-
rently within each dimension. For example, a student may be emotionally neutral, 
appear to be deeply engaged intellectually, yet contribute moderately on the actual 
CSCL task. However, the process of defragmenting each dimension of learner en-
gagement was by no means a straightforward endeavor. Following extensive analysis 
a total of nine variables (both subjective and objective) were selected in an attempt to 
capture the varying degrees of engagement in each dimension. The objective meas-
ures were collected quantitatively (e.g. counting the number of blog posts) or through 
questionnaires (e.g. ASSIST (CRLI 1997; Tait et al. 1998) and AMS (Vallerand et al. 
1992)), while the subjective variables were based on students’ self-reported data and 
observation of student behavior. Behavioral engagement was characterized by three 
attributes: one objective (total number of blog posts, comments, and replies) and two 
subjective (level of contribution in video-conferencing CSCL tasks, and level of in-
volvement in supportive, back-end collaboration and coordination activities). Intellec-
tual engagement was also characterized by three attributes: two objective (academic 
motivation and approach to studying) and one subjective (degree of self-awareness 
regarding the relation between learner engagement and learning outcomes). Finally, 
affective engagement was measured using a single subjective variable (student’s ex-
pressed feelings). Two additional independent variables (learning preference and 
assignment mark) were also included based on the observation that they were helpful 
in discriminating between different patterns of engagement. Table 1 below summariz-
es the set of variables used for each dimension of learner engagement. 

Table 1. Variables measuring behavioral, intellectual, and affective engagement 

 Variable 

Behavioral 
 

1. Contribution on the blogs [passive (0-1 posts), moderate (2-5), active (>=6)] 
2. Contribution in video-conferencing tasks [passive, moderate, active] 
3. Involvement in back-end activities [passive, moderate, active] 

Intellectual 
 

4. Academic motivation (AMS) [amotivated, extrinsically or intrinsically motivated] 
5. Approach to studying (ASSIST) [surface apathetic, strategic, deep] 
6. Degree of student self-awareness [unaware, ignored awareness, consciously aware] 

Affective  7. Expressed feelings [negative, neutral, positive] 

Additional 
8. Learning preference [solo, mixed, social] 
9. Assignment mark [fail (<50%), pass (50-64.9%), distinction (>=65%)] 
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Data analysis yielded illuminating insights and helped to cluster individual learners 
based on how they engaged behaviorally, intellectually, and emotionally. This cluster-
ing process revealed four distinct ways in which learners may engage with CSCL 
activities. These constitute the four engagement archetypes labeled ‘Withdrawn’, 
‘Impulsive’, ‘Strategic’, and ‘Enthusiastic – hence the taxonomy is entitled ‘WISE 
Taxonomy of Learner Engagement Archetypes’. The chosen labels for the four arche-
types are believed to be broadly representative of the students grouped under each 
category. The archetypes and their inherent characteristics are discussed below. 

Withdrawn Learner Engagement. This archetype characterizes those students 
whose overall behavioral, intellectual, and affective engagement was low. These stu-
dents demonstrated an overall passive behavior towards all CSCL activities. They 
also appeared to lack intrinsic motivation to learn and followed a surface, apathetic 
approach to studying. The fact that almost one in every four students (22%) appeared 
to be genuinely disengaged is definitely not an encouraging outcome especially given 
the fact that these are postgraduate students preparing for a professional career. Find-
ings revealed that students in this category generally prefer to learn and study on their 
own. They seemed to consider CSCL tasks as requiring too much time and effort, and 
therefore failed to see the true value of CSCL activities towards their learning as 
postgraduate students and upcoming professionals alike. This was also reflected in 
their assignment marks which were significantly lower compared to all other learner 
engagement archetypes. Additionally, the expressed feelings coming from this group 
of students were predominantly negative, the most common of which included feel-
ings such as of apathy, boredom, and cynicism.  

 
Impulsive Learner Engagement. Although this was an unexpected profile, it 
emerged prominently in the studied context (19%). The reason it was unexpected 
relates to the fact that in general, solo learners have a natural inclination towards 
studying on their own rather than getting involved in collaborative learning tasks. 
Nevertheless, half of the students who considered themselves solo learners were ac-
tually active both on the blogs and in supportive collaborative activities. Although 
impulsive students appeared to be shy in face-to-face discussions and contributed 
moderately in video-conferencing tasks, they were generally active on the blogs and 
in back-end activities involving the coordination of group tasks or negotiation of in-
tra-group roles. Blogging was considered by impulsive learners as an opportunity to 
contribute to the group, to be heard, to share their ideas. The web-based, asynchron-
ous nature of blogs allowed students to take their time before contributing. It was 
these opportunities that motivated impulsive students to leave their comfort zone and 
actually start collaborating. In doing so they started appreciating the importance of 
CSCL in their learning and progressively became more aware of how collaborative 
learning can enhance their self-confidence and their learning experience. These find-
ings also suggest that if blogging was not a part of their education it is quite likely that 
these students may have failed to share their ideas and get engaged with the learning 
content and their peers alike. This emphasizes the significance of CSCL activities and 
the role of social and situational factors affecting their engagement. 
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Strategic Learner Engagement. Although the majority of students in this category 
expressed a preference towards social learning, their overall engagement was moderate 
to low. Strategic learners appeared to be active in face-to-face discussions yet they 
tended to disregard and devalue CSCL tasks on the basis that these tasks did not count 
towards their overall assessment. Although some strategic learners posted some content 
on the blogs they did not engage actively neither they replied to comments from their 
peers or the lecturer. This indicates that their strategic/achieving approach to learning 
and studying interfered with their engagement. In a way, the assessment strategy was 
conducive towards disengagement. In some cases, their assessment-oriented approach 
forced them to withhold information which was obstructing collaborative learning. 
From a pedagogical point of view, this illuminates both the importance of selecting 
appropriate assessment strategies in the context of CSCL and the value that postgra-
duate students often assign to extrinsic motives. It also re-emphasizes how personal (e.g. 
approach to learning) and situational (e.g. pedagogical practices) aspects may affect 
engagement. This was the second most prominent profile (27%) that emerged in the 
study, following enthusiastic learners.  

  
Enthusiastic Learner Engagement. Enthusiastic learners demonstrated the highest 
level of overall engagement and they constitute the most prominent archetype in the 
studied context (32%). In terms of their behavioral engagement, enthusiastic learners 
were not only regularly contributing new content on the blogs, but they also engaged 
in web-based discussions with their peers and their lecturer. Their natural enthusiasm 
and excitement was also evident during the video-conferences. Their classmates con-
firmed their eagerness to coordinate the group activities and encourage other group 
members. Intellectually, they appeared to be motivated to learn and share their views 
with others. They also associated their experiences with CSCL with feelings of ex-
citement, enthusiasm, and satisfaction and made clear, explicit connections between 
their learning experiences with CSCL tasks and their expected learning outcomes.  

5 Discussion and Implications for Practice 

The study findings have a number of implications for the design of ‘engaging’ CSCL 
pedagogies. Initially, the findings reinforce what has been previously argued in the 
literature: the fact that engagement is a complex and multifaceted concept (Ainley 
2004; Murphy & Alexander 2000). Furthermore, the findings suggest that in concep-
tualizing learner engagement in CSCL we need a set of constructs that have the ca-
pacity to encapsulate what students ‘do’ when they are engaged but also how they 
‘feel’ and ‘think’ when they are engaged. Thus, theorizing learner engagement as a 
three-dimensional concept defined by behavioral, intellectual, and affective constructs 
is useful for two main reasons. Firstly, for understanding the ways in which postgra-
duate students engage in CSCL tasks and secondly, for appreciating that students 
engage at a different extend within each dimension. The three-dimensional conceptua-
lization of learner engagement alongside the WISE Taxonomy of Learner Engage-
ment Archetypes provide a set of ideas which can help to make sense of how it is that 
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postgraduate students engage with real-life CSCL activities and may, in turn, guide 
the design of pedagogical models for CSCL.  

The findings seem to suggest that student engagement rests upon students’ aptitude 
to intellectually, emotionally, and actively engage in the learning task but also illumi-
nate the influence that personal and situational factors may have on students’ actual 
engagement. Specifically, the taxonomy shows that some students may enthusiastical-
ly engage with a CSCL activity even if it does not constitute part of their assessed 
work, simply because it is itself a fulfilling activity. The taxonomy also reveals that 
students may be engaged or disengaged irrespective of their learning preference to-
wards individual or social learning practices. Interestingly, however, many students 
may appear to strategically disengage from CSCL activities and as a result they may 
fail to appreciate CSCL as an authentic activity which leverages the opportunity to 
learn from and with each other, as well as from the wide range of digital resources 
openly available to them. Hence, in many ways, learner engagement appears to be 
analogous to the digital competences learners should acquire or cultivate through their 
education, such as the ability to learn and adapt quickly in the digital world, the con-
fidence to effectively communicate and share information, and the ability to critically 
evaluate the vast amount of information available online. Viewing learner engage-
ment with CSCL as a competence has implications for curriculum design indicating 
the importance of carefully selecting appropriate learning activities which are de-
signed in a way that promotes collaboration and inspires students to learn how to 
approach learning tasks and how to engage with the learning content and with each 
other – through technology. All these constitute key elements towards cultivating 
learner engagement and developing the employability skills sought after in the mod-
ern workplace. 

Furthermore, although lecturers usually expect postgraduate students to be highly 
self-motivated and self-directed, the intensity of most postgraduate degrees and the 
ever-increasing competition for jobs switches students’ focus towards gaining higher 
grades. Apparently, adult learners are likely to “read, write papers, and discuss issues 
as long as they believe that these activities will help them achieve their goals” (Gra-
binger et al. 2007, p. 13). These findings have implications for student inclusivity 
suggesting that educators need to accommodate diverse types of engagement in their 
CSCL practices, not just diverse learning styles. They also highlight the fact that lec-
turers should consider students’ ultimate goals and should not underestimate the im-
portance of external triggers and incentives (Grabinger et al. 2007).  

From a pedagogical perspective, the findings suggest that the adoption of CSCL 
practices will not automatically engage all learners. Various conditions or situational 
factors may enable or hinder learner engagement, such as the type of learning tasks, 
the assessment criteria assigned to them, the presence or absence of continuous feed-
back from the lecturer, the flexibility and openness in the learning process, and the 
dynamics in the student groups amongst others (Piki 2010). Understanding learner 
engagement from a holistic viewpoint – taking into consideration not only what stu-
dents do, but also how they feel and think when approaching a CSCL activity – can be 
a challenging-yet-illuminating exercise that can help both students and educators to 
envisage the benefits of CSCL. 
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6 Limitations and Further Research 

One potential limitation of the study may be the fact that it draws heavily on subjec-
tive measures such as observations of students’ behaviors and students’ self-
perceptions. Future research may address the degree to which objective measures (e.g. 
age, gender, academic or cultural background) are correlated with the engagement 
strategies adopted by postgraduate students. Furthermore, the elicited archetypes of 
learner engagement were identified in a specific CSCL context, with a particular 
group of participants registered in a particular postgraduate course in the UK. While it 
is possible that instances of these archetypes may be present in other contexts (educa-
tional and/or vocational), this remains to be further explored. Another potential exten-
sion to this research would be to validate the proposed taxonomy across different 
CSCL contexts which employ different CTs (such as wikis, electronic forums, online 
argumentation tools, and social networking sites). Further research is also needed to 
better understand the multitude of personal, social, and situational factors that may 
enable or hinder learner engagement – in higher education and in the workplace alike. 

7 Conclusion 

The findings from this mixed-methods study suggest that although some students may 
naturally and enthusiastically engage in CSCL activities, learner engagement should 
not be taken for granted. Put differently, learner engagement should not be considered 
as an inherent feature of CTs. A more beneficial approach would be to consider learn-
er engagement as a competence which can be nurtured through the application of 
coherent pedagogical models and assessment strategies taking into consideration not 
only how students prefer to learn but also how students are likely to engage in CSCL 
activities, and why. Although the value of CSCL practices is widely established, en-
suring high quality learning outcomes are achieved requires empowering student en-
gagement with the CSCL tasks and developing their skills and competencies through 
collaboration and knowledge sharing. This can be an attempt towards more engaging 
computer-supported collaborative learning journeys.  
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Abstract. The ever growing importance of digital literacy requires an effective 
educational strategy to introduce it into K-12 education. We propose teaching 
digital competences within the context of an integrative STEM framework. An 
overview of integrative STEM, its two core components (design from the con-
text of technology education and inquiry from science education), and the natu-
ral connections to digital literacy are discussed. Two examples are given—
robotics and 3-D computer software—as promising digital platforms to imple-
ment this strategy. Including digital literacy in integrative STEM offers all K-12 
students the opportunity to acquire digital competences. 

Keywords: Digital literacy, technology education, integrative STEM, design, 
inquiry, robotics, 3-D technology. 

1 Introduction 

The rapid development and widespread proliferation of digital technologies has 
brought greater conveniences to people in the 21st century. A mobile phone can now 
instantly retrieve the latest news across the globe or deliver multimedia entertainment 
experiences. But simply consuming the affordances of technology, without an aware-
ness or understanding of how technology is created or applied, may leave many 
people unprepared for future challenges and opportunities. New technologies have 
shown an uncanny ability to automate tasks and replace humans at many jobs. In  
order to prepare people for the future workplace and improve their capabilities as 
citizens in daily life, technological and digital literacy must be emphasized in the 
educational curriculum. But how to include these literacies in today’s educational 
framework while reaching a broad and inclusive audience is not obvious.  

In Estonia, it is assumed that digital literacy is acquired through learning in all the 
different subjects, and a separate subject for learning computing, computers and soft-
ware, or programming is only optional. However, the results – i.e. the average level of 
digital literacy in society and students interest to relate their career to ICT in different 
areas – are still not satisfying, and therefore digital competencies have been declared 
one out of five strategic goals of the Estonian educational strategy for 2020. Digital 
competencies are the core of digital literacy and thus there is a need to find new effec-
tive approaches to increase digital literacy. We assume that similar problems are faced 
by many other countries and an approach to acquiring digital literacy where subject-
related specific aims are integrated could offer a beneficial solution.  
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One solution is to integrate digital literacy with STEM education where the inquiry 
approach has been widely used [1-3], but often not acknowledged by teachers. Euro-
pean level documents have stressed the importance of inquiry based education and 
regard it as one of the key aims in the future [4]. The current science classroom learn-
ing environment is often a mixture of divergent pedagogies and diverse students’ 
orientations or preferences [5, 6]. There is a mismatch between opportunity and action 
in most education systems today. This revolves around the meaning of ‘science edu-
cation’, a term that is often misappropriated in the current school practice, where ra-
ther than learning how to think scientifically, students are generally being lectured 
about science and asked to remember facts [7]. 

In this contribution we propose embedding digital literacy within an integrative 
STEM model. The STEM (science, technology, engineering, mathematics) disciplines 
are regarded as essential for ensuring future economic prosperity [4]. An integrative 
STEM model attempts to align science and mathematics education with technology 
and engineering education. Sanders (2009) [8] describes integrative STEM as inten-
tionally combining two approaches: the design approach in technology/engineering 
education with the inquiry approach in science. We argue that digital literacy fits 
naturally within the integrative STEM program. Our research question is to investi-
gate how digital literacy can be achieved in integrating inquiry related to science  
education with design related to technology education. To justify our position we 
organized this paper as follows. First we consider definitions of digital literacy to 
identify its key features. Next, the features of inquiry and design are separately sum-
marized and compared to digital literacy. Then a discussion of integrative STEM is 
given to show its advantages and current challenges. Finally, the inclusion of digital 
literacy in integrative STEM is explored and two examples—robotics and 3-D com-
puter software—are considered as potential practical implementations. 

2 Digital Literacy 

One definition of digital literacy comes from a list of recommendations on key com-
petences for lifelong learning by the European Parliament and of the Council of the 
European Union, where it is stated that 

Digital competence involves the confident and critical use of Information Society 
Technology (IST) for work, leisure and communication. It is underpinned by basic 
skills in ICT: the use of computers to retrieve, assess, store, produce, present and 
exchange information, and to communicate and participate in collaborative networks 
via the Internet. (European Union, 2006, p.15 [9]) 

At present the use of computers and the internet are the key enabling technologies 
for digital literacy. But in terms of characterizing digital literacy from a wider pers-
pective, Hobbs (2011) [10] offers a list of five essential features to describe digital 
competencies: 

• Access – use digital tools and technologies to access information 
• Analyze & Evaluate – apply higher order thinking skills to process information 
• Create – practice creative expression with digital technologies 
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• Reflect – engage in reflective thinking 
• Act – participate and communicate in a social community  

This list of competencies shows that digital literacy involves more than technical 
competency with digital tools. The Reflect competency describes a metacognitive 
process, Create implies originality and innovativeness, and Act requires social colla-
boration. Interestingly, many of these descriptions overlap with processes described 
by the inquiry and design. The inquiry and design approaches are the foundations for 
integrative STEM. Therefore integrating digital literacy with integrative STEM ap-
pears feasible and promising.  

At this point it is useful to review the inquiry and design approaches separately be-
fore looking at how they merge with each other in integrative STEM.  

3 Inquiry 

Inquiry-based education is a teaching and learning strategy that promotes engagement 
and active participation of a learner to discovery knowledge. Recent meta-analysis 
studies show that inquiry-based instruction results in more beneficial learning than 
direct forms of instruction like lecturing [11, 12]. In inquiry, students ask questions 
and generate hypotheses, plan and conduct experiments, interact directly with inves-
tigative tools to explore phenomena, and communicate results. Computer-based learn-
ing environments have been shown to be especially effective ways to implement  
inquiry [13].  

The inquiry process can be broken down into steps (usually called inquiry phases) 
to better explain the distinct reasoning processes that comprise inquiry. Inquiry phases 
originate from the steps found in the scientific method. Even though the scientific 
method is not a rigidly prescriptive sequence of steps it offers a useful basis for struc-
turing inquiry in education. Mäeots, Pedaste, & Sarapuu (2011) [14] applied a typical 
list of inquiry phases to research student development of inquiry skills in a computer-
based learning environment. The inquiry phases included transformative and regula-
tive activities that should be applied not linearly but in integration: 

Phases related to transformative processes: 
• Question – generate research questions based on a problem 
• Hypothesis – propose explanations and predictions that can be empirically tested 
• Experiment – perform tests and collect data to confirm or refute a hypothesis 
• Data analysis – synthesize new knowledge from experimental outcomes 
• Conclusion –summarize and communicate results; contemplate future research  
Phases related to regulative processes: 
• Planning – design and schedule the learning process; set performance goals 
• Monitoring –observe and record the study process 
• Evaluation – verify that learning goals are achieved; reflect on the process 

Comparing inquiry phases with features of digital literacy shows several similari-
ties; such as applying higher order thinking skills, communicating, and reflective 
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thinking. But inquiry sometimes does not explicitly emphasize features such as crea-
tivity, mentioned by Hobbs (2011) [10] as an important characteristic of digital litera-
cy. Often the goal of inquiry is to ask a question about a scientific topic that leads to a 
single correct answer. Although students are challenged to actively discover the an-
swer on their own, the final correct outcome is common to all investigators. In con-
trast, the design approach allows for open-ended problems where the outcomes can 
vary between students, yet still solve the original design problem. The design ap-
proach is useful for stimulating creativity in students.  

4 Design 

Design involves solving a practical problem while conforming to a certain set of con-
straints [15]. It is an iterative process that permits a multitude of solutions. Finding 
the optimal solution often requires creativity on the part of the designer. 

The United Kingdom has a national curriculum in design & technology to prepare 
students for creative design and technological innovation. A recent report by the UK 
Department for Education [16] lists the key features of the curriculum as 

• Design – identify user needs and practical problems; devise possible solutions 
• Make – choose a solution and select the tools and materials to create a product 
• Evaluate – test, evaluate, and critique the product against a set of specifications 
• Technical Knowledge – understand the scientific and engineering principles go-

verning the product or system  

Often design has been seen too narrowly in the context of subjects as Design & 
Technology Education or even in Craft Education. Our aim is to show that the compe-
tencies in this field can be applied in many areas of peoples’ everyday life. In this 
context we see design-based approach as strategy for solving one of a very complex 
type of problems – design problems. Design problems are introduced by Jonassen 
(2000) [17] as problems where problem solvers have to act on goals to produce arti-
facts even if there is only a vague goal with few guiding constraints. It assumes the 
problem solver to structure work, to set multiple undefined criteria for the expected 
solution in a context of a particular situation. Thus, it is a very ill-structured problem 
but very common in real life. 

Comparing design to digital literacy reveals the strongest similarity in terms of 
making and creating. Hands-on, playful design work appeals to young people and can 
motivate increased enthusiasm and engagement for learning science [18, 19]. Howev-
er, a criticism of design is that students can frequently use a trial-and-error strategy to 
solve a design problem and thereby avoid learning underlying science and mathemat-
ics principles that are actually responsible for the working solution [20]. Therefore, 
combining aspects of design and inquiry, such as in integrative STEM, offers poten-
tially rewarding advantages while avoiding the potential disadvantages of either ap-
proach individually.  
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5 Integrative STEM 

The importance of both inquiry and design for science education was recently made 
explicit in a new framework issued by the National Research Council in the United 
States [21]. It stated that 

… learning about science and engineering involves integration of the knowledge 
of scientific explanations (i.e., content knowledge) and the practices needed to engage 
in scientific inquiry and engineering design. (National Research Council, 2012, p.  
11 [21]) 

Lewis (2006) [22] argued that inquiry and design are conceptual parallels based on 
the unescapable interdependencies between science and engineering; and that integra-
tion offers greater prospects for learning in addition to increasing interest in science 
careers. Sanders (2009) [8] suggested that an integrated curriculum that “purposefully 
combines technological design with scientific inquiry” will help technology education 
become more relevant to society.  

An integrative STEM graduate education program at Virginia Tech has been spe-
cifically created to embed technology/engineering design approaches into teaching 
science and mathematics content [23]. The goal of the program is to educate teachers 
with methods for implementing integrative STEM teaching practices. However, 
teachers still encounter challenges in implementing integrative STEM in practice [20]. 
There is a need for examples to illustrate effective implementations of integrative 
STEM in practice. Furthermore, the relevance of digital literacy for today’s students 
is of great importance and should be included as part of integrative STEM instruction.  

6 Digital Literacy through Integrative STEM 

The features of digital literacy overlap with both inquiry and design and therefore 
integrative STEM is a suitable framework to facilitate digital competences. Moreover, 
teaching aspects of digital literacy in mandatory science and mathematics classes  
at the K-12 level guarantees that learning digital competencies is available to all  
students.  

In the integrative STEM context, digital literacy could be implemented using inno-
vative digital technologies. Two modern digital platforms that we consider promising 
are robotics and 3-D computer software. These digital platforms have been used in 
design approaches to motivate enthusiasm and interest in technology. But we contend 
that they can also be beneficially adapted for teaching science and mathematics, and 
hence appropriate in an integrative STEM context.  

6.1 Robotics 

Educational robotics provides a tangible and interactive learning platform for engag-
ing students. But typical robot activities are mostly design based rather than inquiry-
based and therefore using robotics to explore STEM concepts has not yet reached its 
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full potential [24]. However, implementing an integrative STEM approach including 
digital literacy appears possible. 

Improving mathematics learning with robotics is one promising start. Mathematical 
principles can be taught and motivated with robotics activities in the context of com-
puter programming. The control and behavior of robots occurs through digital soft-
ware instructions that must be programmed into a robot. The process of formulating 
an algorithm and writing code to program a robot requires mathematical sophistica-
tion. An effective program requires utilizing mathematical operators and manipulating 
variables (skills directly related to learning algebra). Robotics offers an opportunity to 
make abstract math concepts concrete. Design activities with robots can engage and 
motivate student learning.  

In terms of science education, robotics can provide a systems-level model for 
learning a science topic. A system in the natural sciences is studied by breaking into 
separate parts, studying the parts individually, and then studying the interactions be-
tween the parts to see how the system as a whole behaves. Likewise, robots represent 
systems since they separate into parts with different functions; e.g. sensors collect 
input data, microprocessors process data, and electro-mechanical parts respond to 
output data sent from the microprocessors. The systems analogy between robotics and 
science therefore allows for an integrative STEM approach. Building and testing a 
systems model of a science topic using robotic parts is a promising way to implement 
a digital literacy based integrative STEM activity. 

The digital competency benefits of robotics can include developing skills in elec-
tro-mechanics and computational thinking. In addition, working together in teams to 
design, build, and test a robot helps students learn to manage a project and work col-
laboratively.  

6.2 3-D Computer Software 

The growing popularity of 3-D printing has opened up a discussion about the potential 
of 3-D technology to improve learning. A recent pilot project by the UK Department 
for Education [25] explored the prospects of 3-D printers to enrich STEM education 
and found that 

Feedback from this exploratory project confirms that 3D printers have significant 
potential as a teaching resource and can have a positive impact on pupil engagement 
and learning if schools can master how to use the printers in an effective and mea-
ningful way. (UK Department for Education, 2013b, p. 23 [25]). 

Therefore 3-D technology has promise but requires examples showing how to adapt 
the design-based use of 3-D technology with scientific inquiry. Siiman and Pedaste 
(2013) [26] proposed new ways of applying 3-D computer software to fulfill the com-
plementary aim of learning science. They note that the structure and function of objects 
in nature, as well as their scale and proportion, are crucial elements to understand in 
science. But many objects are not accessible to direct observation or convenient to ex-
plore with traditional methods. Siiman and Pedaste (2013) [26] demonstrated interactive 
activities with digital 3-D models to teach the basic scientific fundamentals of structure, 
function, scale, and proportion. Practice with three-dimensional skills is also beneficial 
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to science education because longitudinal studies have shown that 3-D spatial ability 
correlates strongly to success and achievement in science [27]. 

With respect to learning mathematics, 3-D software shares intrinsic links to the 
subject of geometry and the study of three-dimensional shapes. However, the anima-
tion features of 3-D software also allow for visualizing the motion of objects and 
studying concepts such as rate of change, a basic concept in calculus. Thus the poten-
tial of 3-D software extends across a range of mathematical topics and affords a di-
versity of learning options.  

Although technology educators have extensively used 3-D computer assisted de-
sign (CAD) software to design and manufacture products, CAD software tends to be 
narrowly focused drafting technical drawings in engineering. In contrast, Siiman and 
Pedaste (2013) [26] chose an open-source 3-D software package mainly used by pro-
fessionals and hobbyists in the arts & entertainment industries, but adapted it for edu-
cational purposes. The prospect of creating visually stunning visuals with 3-D  
software or designing 3-D models to manufacture using a 3-D printer is likely to sti-
mulate the interest of students. Thus 3-D computer software promises new ways to 
motivate learning in an integrative STEM model that includes digital literacy.  

7 Conclusion 

Digital literacy can be facilitated through alignment with integrative STEM so that all 
K-12 students have the opportunity to acquire digital competences. Integrative STEM 
is a new educational strategy that attempts to merge the best features of scientific 
inquiry and technological/engineering design. At present more empirical data is ne-
cessary to find the most effective implementations of integrative STEM, but the aims 
and principles of the strategy are supported by a number of recent documents by na-
tional governmental organizations across the globe. Including digital literacy within 
integrative STEM follows naturally from technology designed-based approaches,  
but requires additional considerations for implementation with scientific inquiry or 
mathematics learning. We proposed robotics and 3-D computer software as two ex-
amples of digital platforms for implementing integrative STEM. Future work necessi-
tates empirical testing to identify the practical effect with teachers and students. 
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Abstract. Trusting is a rather complex phenomena and this complexity
has been increasing with the pervasiveness of computing systems. In this
virtual realms, Human-computer trust represents a key issue in today’s
organizations, and it has a significative role in leveraging interactions
and mediating interrelationships and auto-regulate knowledge sharing
processes.

This paper reports an research framework, which aims to facilitate
the use of the acquired understanding of the role of trust in (A) Human
Computer Interaction; and in (B) Computer mediated Interaction.

Results situate the model as a key contribute for leveraging people’s
interactions and their technological artefacts.

Keywords: Human-computer Trust, User experience, Trusted interac-
tions, Social engagement, Collaborative Learning.

1 Introduction

Computing is at one of its most exciting moments, playing an essential role
in supporting human activities, facilitated by the growing availability of ser-
vices, devices and interaction modalities. With the evolution from the large-scale
computing to the contemporary pervasive and ubiquitous computing interaction
paradigms, users were brought from the periphery to the successive waves of
the personal, networked, collaborative, mobile, augmented and virtual reality
interaction paradigms.

This article describes a research framework that builds on the previously body
of knowledge on Trust and uses it to contribute towards leverage higher levels
of engagement and overall systems sustainability.

The first part come in line with authors attempt to situate Trust as a con-
tribute to better understanding of the role of trust in Human Computer
Interaction; and in Computer mediated Interaction. This part provides a compre-
hensive introduction to Human-computer trust conceptualisation and it address
it dynamics. The following parts addresses authors’ conceptual contribution on
Human-computer trust, then it ends by provide possible future directions.
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2 Human-Computer Trust

Everyday, and often without any reflection, we place our trust in people and in
services those people provide. We trust our friends will not betray our confidence;
that our food will not be poison; we trust our teacher and parents to tell us the
truth and teach us well; trust our country; the list here is practically endless and
staggeringly broad. Trust was always a topic, which is of ubiquitous importance
to people.

Trust is referred in a relatively broad set of constructs. Is a topic that has
been attracting research from many fields like sociology, economics, psychology,
cognitive sciences and lately from computer science. Yet, Trust is a topic, rather
complex to address, making it difficult to compare or to provide clear insights
about the nature of trusting relations (e.g. Rotenberg, 2005; Mayer et al., 1995;
Goudge, 2005; Fukuyama, 1995; Lewis and Weigert, 1985).

Trust’s cross-disciplinary nature has originated a considerable debate about
what trust is, how it is influenced, and how it is represented; makes it difficult
to be defined in a narrow definition, or just as a ”single static” concept; trust
per si, carry’s many meanings and play a role in divergent contexts.

While sociologists tend to see trust as structural in nature (e.g., Garfinkel,
1967; Lewis & Weigert, 1985; Shapiro, 1987), or in terms of behavior (e.g. James
S. Coleman, 1996; ) or even as a moral choice (e.g. Francis Fukuyama, 1995;
Tyler and Degoey, 1996).

Psychologists examines it as a personal attribute (e.g., Erikson, 1968; Rotter,
1967) and analysis trust as behavioral intention (relates to the predict acceptance
of behaviors by others). (e.g. Erikson, 1968; Rotter, 1971)

Social psychologists tend to view trust as an interpersonal phenomenon (e.g.,
Deutsch, 1973; Holmes, 1991; Mishra 1996; Weber 2003; Meyerson, 1996), a so-
cial structure to provides interpersonal relationships, known as institution-based
trust or willingness to trust if within a more social physiological perspective.

Economists are more inclined to view trust as a rational choice mechanism,
as a game (the game theory) (e.g. Levy and Razin, 2003; McKnight, D., H.,
Chervany, N. L., 2001).

The philosophic perspective sees trust and distrust attitudes as something
that affects our feelings and the way we think and act (e.g. Baier, A. 1986;
McLeod, C., 2006).

Computer scientists on the other hand, tend to approach the Trust topic from
two distinct perspectives. One that reflects the tendency to examine Trust from
a more deterministic approach; observing it as a sort of rational choices vs a
measurable risk. Examples can be found in literature that addresses issues like
Trust management or computational trust associated with security, reputation
and privacy (e.g. Kini, 1998; Abdul, 1999; Walter, 2008).

Another, point of view relates Trust to the human cognitive and affective
aspects. An approach that focus on qualifying the trust attributes and in un-
derstand the potential Trust implications among human users. Examples can be
found in literature that addresses issues like computer supported collaborative
work, communities of practice, design for trustful interactions, social capital,
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Table 1. Trust conceptualisation framework

Sociologist’s Trust is a reflection of be-
haviours, choices and deci-
sions

Represents a intention

Psychologist’s Trust is an attitude or inten-
tion

Represents a personal at-
tribute; an observable be-
haviour.

Socio-psychologist’s Trust is an interpersonal
phenomenon

Represent a social structure

Economist’s Trust is a rational choice
mechanism

Represent a rational deci-
sion

Computer science Trust is user’s confidence in
a system and their willing-
ness to act

represents a cognition and
affect based perceptions of
another person or group and
an artifact.

Organizational Trust, Technology-Mediated Social Participation (e.g. Bachrach,
2001, Mcknight 1996, McKnight, 2002, Constantine, 2006; Weber, 2003; Yan,
2006).

3 Measuring Human Computer Trust

Human-computer trust is defined in this study to be a measurable risk, rep-
resented by a deterministic quality (measured during a snapshot in time) or a
observable attitude, represented by more subjective and hedonic quality (mea-
sured during an episode in time).

Both tendencies are invariable reflected throughout and within the trust so-
cial dynamics; and this dynamics represents, not just, the interaction between
individuals constituent of society or organisation and their communication arti-
facts, but also represents the interaction between a user or a group of users and
their artifacts.

Trust within and interactive processes, represents users predisposition to in-
teract (based on a calculative orientation toward the risky) ; i.e. by trusting we
assume a potential gain, while by distrust we are avoiding a potential loss [1,5].
Trusting, also represents a reinsurance elements, which often helps users to sup-
port their intended behaviours.

This reinsurance mechanisms can be combine through a set of measurable
observable behaviours that emerge from social and technical categorizations,
e.g. group or individual’s political, economic and social orientation [4], or from
institution-base properties [6, 10]; or even from certain social qualities like hon-
esty, benevolency or reciprocity [?].

This reinsurance mechanisms give party’s the structural assurance or con-
fidence that support individuals’ trusting predisposition, that further in time
takes a form of trusting stance, i.e. belief in others.
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In sum, Trust is a reflection of a a state of mind a confidence and one’s
predisposition to trust another. This based on a set of perceptions of other
(a society, a person, and or a technological artifact) as ’trustworthy’ [3, 9, 11].
Formed by a combination of observable behaviours which includes perceived
affect and cognition based behaviours [2]. And, a violation of trust usually lies
not in a simple isolated interpersonal event, but rather it is a significant event
that is likely to have impact on the parties and on the relationship [12].

Trust dynamic, then contemplates a subtlety decision that lies on the com-
plexity of the game that he or she find herself playing as Bacharach [1] describes
it. Within this ’game’ trust comes associated with a time anchor proprietary,
represented by an initial trust moment (trust exist or not) and an ongoing trust
moment (trust can be weaken or strengthen over time) [8].

More, the identification of trustworthy making qualities (what underlies peo-
ple’s trust beliefs) is not enough to induce trust, it is needed also to understand
if this signs of trust are to be trusted (confidence) [1]. What addressees the
question of the reliability of trustworthy making qualities, especially in a virtual
environments where there is an increased omnipresence of social network services
and communities.

Thus, this paper contribute towards the identification of possible trustworthy
making qualities and signs that support user’s predisposition to trust. It proposes
a model, a model of Human-computer Trust and uses it to perceive how it can
contribute to leveraging user’s engagement with and through their technological
artefacts.

This works herein presents aims in the future to contribute to the development
of strategies for support interdisciplinary teams when assessing, designing and
creating trust-fostering interactive systems; and or to support the design, de-
velopment and evaluating of a toolset to monitor Human-computer trust levels,
thus facilitating the deployment of trust level regulation interventions.

4 A Model of Human-Computer Trust

This model depict trust as a construct informed by individual attributes qualities
such as, motivation, willingness, reciprocity, predictability, honesty, benevolence,
and competence, and determined the extent to which one relates with one?s
social and technical environment [14, 17].

This model was used as a research lens to establish relations that linked trust
online interactive processes qualities, e.g. to openness [13], to sharing [18], to
privacy [7] and to collaboration [15]

This model was achieved by an extensive literature review on trust and was
complemented by a participatory design procedure, that resulted in

– the Identification of most common trust notions (design a concept map);
– An personal unified view of possible trust implications in today?s online com-

munities structures (participatory design session with experts and
users) [16];
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This was complemented by a personal unified view of trust dynamics (see
section 3) and Davis and Venkatesh Technology acceptance views [3] [19].

This model takes into consideration seven trust observable warranty qualities,
that help users to categorize their trust beliefs towards a system or another
individual or even a third party. Those trust belief’s support a set of constructed
intentions, predispositions to trust that facilitates the interaction process (e.g.
share, communicate and or relate online).

This is a iterative process, that evolves through time, see figure 2.

Trust Predisposition

Competency

Predictability

Reciprocity

Benovelence

Honesty

Motivation

Willingness

Expectations

Rational perception

Emotional 
perception

Relationships

Commitments

Engagement

Attitudes Qualities Intentions Beliefs 

Fig. 1. A model of Human-computer Trust

Further section present the results on the validation of this model, its uses a
mixed method study and it procedure is described in the following section 4.1.

4.1 Model Validation Process

Above presented model of Human-computer Trust aims to contribute to leverage
higher levels of user engagement with other users and artifacts. This validation
was achieved through mixed method studies, combining divergent research ap-
proaches over a period of time. During each validation process the set of con-
structs attributes underwent in a series of refinements to eliminate or refine the
above presented model, see figure 2.

4.2 Attitudes Towards Others, Sharing and Communicate Online

This first research iteration aimed to determined the extent to which one is
predispose to relate online in a specific social and technical environment.
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To achieved above aims a survey was randomly conducted among 480 indi-
viduals, who interact online frequently for education purpose. From those three-
hundred and forty (340) individuals were consider for analysis, the remaining
where either incomplete or where consider biased. Participants where portuguese
teachers 53.5 % or portuguese higher education students 46.5%).

A confirmatory factor analysis was applied to test if the empirical data was
conform the proposed model. This factorial analysis process included question
that assessed (1) individuals’ trust towards others; (2) their expectations to en-
gage in give and take actions, and (3) their predisposition to engage in online rela-
tionships. This analysis toked into consideration the proposed Human-computer
trust warranty qualities addressed in the instrument and intercept those with
the divergent nature of the online relationships (ranging from more close and
intimate relations (e.g. friends, family, colleague), to open (e.g. acquaintance,
strangers).

Results of the principal components analysis strongly support the relationship
between users perceived trust and their intentions and attitudes towards others.

In sum, achieved results also stress a need for a clear understand this trust
elements as a key factor for leveraging user engagement with and through inter-
active systems [18].

4.3 Attitudes towards Openness and Sharing Knowledge

This second study aimed to establish a relation between the proposed Human-
computer trust warranty qualities and users believes towards using openness and
open sharing knowledge systems.

This study included two main contexts of use:

– Estonian Higher education students (32), with experience in using open-base
blogging systems; and

– Estonian Secondary education students (53), with no or little experience
with open-base blogging systems.

Estonia is consider to be a peculiar country in terms of ICT use, as at the
high school level the new National Curricula states an obligation for every school
to have an e-learning environment. At the level of universities and vocational
schools there are a lot of choices of open and non-open solutions to choose from,
e.g. Wikiversity, Moodle, Blackboard, IVA, LeMill, WordPress, etc.

Results revealed that user’s attitudes towards openness and sharing depends
on the information they share and with who they share that information.

For example uses that are more aware of potential threats of privacy tend
to stress more for being assured that their open activities are protected from
potential threats [7].

Also, in both cases users indicated they don’t mind to share learning infor-
mation openly with everyone (if they feel control on what they share in open
environments). In fact as for example 37.93% of the Higher education students
claim that this could contribute to increase the learning processes reliability and
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credibility [13]. But, given the choice, they prefer to share personal information
and comments with their friends; family and co-workers only.

Strong concerns where shown special on the need to have control with whom
they share their grading, assignment comments and teacher’s feedback informa-
tion. They claim that should remain private by default.

Regarding the intention to share in open environments attributes like: hon-
esty (48,28%), other users reputation (37,93%), respect and affinity attitudes
(31,03%); as well as empathy and sympathy (41,38%) are consider very im-
portant qualities to be willing to share information and to trust online. Same
regards to friendly and transparent attitudes (44,83%); Honesty (44,83%); sense
of belonging (27,59%) and mutual respect (37,93%) are consider very important
qualities for communicate online.

4.4 Human-Computer Trust and Collaboration

In this case study we focus on using the teacher role as lens to observe possible
relations between Human-computer trust and collaborative activity patterns like:

– Individual commitments and group bound;
– Group support and articulation; and
– Social dynamic activity.

The observed course ”Technology Enhanced Learning TEL course, was part of
a European project called CoCreat — ”Enabling Creative Collaboration through
Supportive Technologies” (http://let.oulu.fi/cocreat). The course, was deployed
by four (4) partners from eight (4) different European countries, Finland (Uni-
versity of Oulu); Norway (Norwegian University of Science and Technology
Trondheim); Romania (Valahia University of Targoviste); and Estonia (Tallinn
University).

Project main purpose was to find new solutions for promoting creative collab-
oration in terms of new and innovative learning models based on social media
and mobile technology. Most activities performed in the course involve collab-
orative tasks, collaborative thinking and reflection. In the course students were
initially divided into small groups (from 4 to 9 students maximum) and differ-
ent tutors were assigned to the groups. All learning activities were design and
coordinated by a teacher who coordinate overall group activities.

Be willing towards fulfilling a common goal (predisposition to interact) is
consider to be an important key to establishing group collaboration and to ensure
it success. The results indicated that those who were more predispose to interact
(easily engaged in online activities) had more sucess in perform collaborative
activities and in foster groups collaboration.

On the other hand, individuals competency and their appetency to be en-
gaged in online relationships aren’t always related (this was clearly reflected
during group synchronous communications). The less social engaged, committed
students tend to follow group and contribute punctually when requested.

Contradictory to what was expected open or close activities seamed less im-
portant for ensure the success of the group support and articulation. On the
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other hand qualities like reciprocity, kindness and benevolence were important
attributes to ensure students bound and work articulation.

Overall group-working methods differentiated from group to group, though in
the end the majority of the groups achieved pretended results. Groups first activ-
ities were relevant to set the work climate and to establish future working actions
(know how to behave and to observe other intentions and attitudes). Major group
concerns regarded the previsibility, e.g. predict what actions will be need to be
taken to ensure a successful collaboration. In return, system predictability and
and it perceived competency were important attributes for selection of artefacts
to communicate and use in their collaborative activities.

5 Final Considerations

Our contribution towards perceiving Human-computer Trust enabled to better
understand the Human Computer Trust role in,

– providing effective social human relations;

– create, develop and maintain working, organisational, or networking rela-
tionships; and

– create, develop and maintain a learning environment which eventually could
lead to sustainable online engagements.

As well this model future contribution is towards perceiving Trust as an in-
teraction facilitator construct. Contributing to the development of strategies for
support interdisciplinary teams when assessing, designing and creating trust-
fostering interactive systems; and or to support the design, development and
evaluating of a toolset to monitor Human-computer trust levels, thus facilitat-
ing the deployment of trust level regulation interventions.

The underlying hypotheses for this future aim is that real time monitoring
of self and third party trust levels can in fact be used to trigger interventions
designed to regulate (moderate, improve, recover) trust levels to adequate stand-
ings.

Thus, as on the design, development and evaluation of tools to monitor trust
levels based on the current understanding of the construct, the proposed research
questions are:

– What data can be used to monitor trust?

– How often should data be sampled to generate robust trust indicators?

– How should data samples be collected taking into account that the impact
of the sampling process in the generation of confidence indicators should be
minimized?

– What metrics should be used to express trust levels?

– How should trust indicators be interpreted?
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Abstract. Digitising textbooks is becoming an increasingly important practice 
in formal education. While higher education has been the main focus of 
research on e-textbooks so far, the topic is also gaining attention in other areas 
of formal education. This paper reports on an initial attempt to review and 
synthesise research and development literature on e-textbooks - mainly in the 
context of K-12 education. While the project is still work in progress, some 
provisional findings, main demarcation lines, and visible directions in the field 
are reported and discussed.  
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1 Introduction 

Digitising textbooks is becoming an increasingly important practice in formal 
education. While higher education has been the main focus of research on e-textbooks 
so far, the topic is also gaining attention in K-12 education. In recent years academic 
and educational publishers have started to follow the phenomenon of extensive 
digitisation by converting printed textbooks into digital formats that can be read on a 
computer screen, a special e-book reader, a personal digital assistant (PDA), or even a 
mobile phone [1]. 

This paper reports on an initial attempt to review and synthesise research and 
development literature on the use of e-textbooks mainly in K-12 education. In the 
literature the terms e-textbook, digital textbook, electronic textbook are used 
interchangeably and were thus included into the search and selection of material for 
our literature base. While collecting literature we noticed that some authors have used 
the more general term e-book to refer to instructional materials in educational 
settings. Literature in which e-book is clearly used in the sense of “textbook” in an 
educational setting was included in our literature base. For consistency and 
clarification we have decided to use one term - e-textbook throughout this paper. We 
attempt to provide an overview of what are considered to be the main research 
problems related to e-textbooks in the context of formal education and to delineate the 
evolution of research trends in this field. It must be noted here that the majority of 
contributions deals with problems and challenges related to e-textbooks in higher 
education. Though our current interest is primarily in the context of K-12 education, 
we found it useful and informative to also include literature into our review that 
reports on challenges and empirical findings regarding the use of e-textbooks in 
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higher education. While our review project is still work in progress, we want to take 
the opportunity to report and discuss some provisional findings and insights in the 
following paragraphs.  

2 The Role of Textbooks 

Textbooks have been used and still are used as the main reference tool and primary 
means of delivering course content in K-12 education since the widespread 
availability of the printing press [2]. Textbooks are often seen as the central tool in 
instructional settings providing input into classroom lessons in the form of texts, 
activities, explanations, and so on [3]. Many proponents of the textbook culture in 
education believe that “no teaching-learning situation, it seems, is complete until it 
has its relevant textbook” [3, p. 315]. For teachers textbooks are an instructional aid. 
They save time, give direction to lessons, guide discussion, facilitate homework 
assignments, thus making teaching practice better organized and somewhat more 
convenient and easier to handle. For students textbooks in their traditional sense are 
meant to be as a framework or guide that helps them organising and supporting their 
learning activity in the classroom and at home. Most of all the role of the textbook is 
to provide structure, confidence and security [3]. Textbooks reflect the academic 
standards, specific objectives, and ideologies commonly found in public curricula. 
Thus, problems of availability of up-to-date, governmentally approved, textbooks are 
generally considered to severely impair teaching practice. Without a doubt, textbooks 
have played, and still play, an enormous role in K-12 education as the most 
convenient means for providing structure for guiding through an instructional event. 

3 Rationale for Going Digital 

It is of little surprise that the ever-growing expansion of digitisation in different 
spheres of our society shows an increasing impact on educational practice in recent 
years. Digitising textbooks has become – and appears to remain for the foreseeable 
future - one of the popular issues of research, debate and discussion. How should an 
e-textbook look like in the first place? What is the added value and challenges of 
implementing an e-textbook? are typical questions raised in this context. Maynard and 
Cheyne [4], for example, simply define e-textbooks as “educational materials that 
have been electronically published to assist both teaching and learning methods” 
(p.104). This general and commonly accepted definition has been taken as a basis for 
many e-textbook implementation initiatives in K-12 education. The aforementioned 
definition reflects a basic replication of a printed textbook within a different medium. 
It is quite likely that this type of understanding is somewhat nurtured by the 
commercially successful and constantly growing market for “e-books” in general. 

E-books have been around for quite some years by now and educational publishing 
companies have started to follow the same road, carrying the assumption that the 
added-value of e-textbooks is in principle perceived along very similar lines. The 
mere digital re-production of formally printed textbooks allows for the continuation of 
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educational practices that had developed around printed texts [5]. In addition to its 
presentation as an innovative medium in education, the e-textbook is very often 
demonstrated as an entertainment technology or an instrument to raise students’ 
motivation of digital age. The current status of our ongoing literature review seems to 
indicate that the main driver for “going digital” with textbooks is regularly purely 
economical considerations. Although, most of the studies we reviewed refer to cost 
reductions through the introduction of e-textbooks in higher education, it seems 
reasonable to assume that a similar claim should be also valid in the context of K-12 
systems. For those interested in numbers and cost models we recommend for example 
the following papers: [6-11]. 

There is little doubt that digitisation is transforming a wide range of human activity 
systems. While this inevitably creates tensions and contradictions, it also provides a 
wide variety of new potentials for action and interaction and its mediation. In fact, the 
potential for increased levels of interaction has been acknowledged and promoted as 
one key added-value of digital textbooks. It is becoming a rather common belief 
among publishing companies, educators, instructional designers and policy makers 
that e-textbooks need to (and can) be redesigned in a way that enables somewhat 
richer and more variable opportunities for interaction with their content. McFall [2], 
for example, claims that “in order for electronic textbooks to be widely accepted, they 
must be designed with a goal of transforming the way students interact with a 
textbook to significantly enhance student learning” (p. 74). In a similar vein Tezak 
[12] offers an interactive model of an e-textbook supplemented with a workbook. It 
contains inner and outer links providing access to additional resources on the Web. 
Severin and Capota [13] report on a South Korean initiative to replace traditional 
textbooks with interactive e-textbooks. These interactive and customisable e-
textbooks include the content of existing textbooks, reference books, workbooks, 
glossaries, and so forth, and integrate them with additional digital audio-video 
material such as video clips, animations, and elements of virtual reality. 

Turning e-textbooks more interactive in comparison to their printed counterparts is 
a step further in terms of technical and conceptual development. However, the bulk of 
e-textbook solutions and implementations models currently available are not making 
use of the full potential of digital media and technology in educational use contexts. 

4 Students’ Performance and Experiences with E-textbooks 

Aside from research on economical and interactivity issues, another prominent strand 
in the field of e-textbook research is related to students’ experiences, perceptions and 
performance with e-textbooks. This research strand is dominant in higher education 
settings (see for example 14-21], however, a few studies can be found also in the 
context of K-12 education (see for instance [22-24]).  

Typical research questions in this strand are for instance: How do students 
experience and perceive e-textbooks in comparison to their printed versions? Do e-
textbooks enhance or influence students’ performance and overall learning activity? 
... and so forth. The findings are mixed. Shepperd et al. [17], for example, found that 
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students using e-textbooks spent less time on reading for class compared to students 
using printed texts. In addition, they were not interested in a continued use of e-
textbooks (as a replication of the printed version). Similar conclusions are made by 
McGowan et al. [14] who claim that an overwhelming number of students prefer 
paper based textbooks. 

While some authors emphasise that the experience of reading e-books is not 
equivalent to reading e-textbooks [25], studies on reading capability and behavior in 
respect to e-textbooks demonstrate that students do not prefer them over printed 
textbooks regardless of their gender, level of computer use, or comfort with 
computers. E-textbooks are regularly perceived as even more time consuming than 
working with paper based texts (see for example [26, 27]. Thus, some authors 
conclude that paper based textbooks should not be readily abandoned. Simon’s [18] 
study, however, demonstrates quite the opposite. He explored students’ e-reading 
habits and reported that students who volunteered using e-textbooks were happy about 
the experience, mainly because e-textbooks allowed some additional functions such as 
glossary look-up and bookmarking features to be used [18].  

With respect to improved student performance there are rather incompatible 
research results reported. They range from claims that learners do not perform 
differently, or significantly better, with current e-textbooks (e.g. [27]) to claims that 
students who engage with e-textbooks show higher motivation and better learning 
outcomes (e.g. [4]). 

Sun et al. [19] studied how an e-textbook can facilitate college students’ learning, 
how well it promotes student’s involvement in learning, and how much it improves 
learning outcomes. Their results indicate that e-textbooks are perceived as enhancers 
of student learning outcomes and involvement. Positive findings were also 
demonstrated by [16] who claim that textbooks can be extremely popular and widely 
used - mainly for obtaining snippets of information and for fact-finding. The main 
reason for using e-textbooks among the students apparently was ease of access and 
convenience [16]. 

In the context of K-12 education system, Luik and Mikk [23] designed a study that 
explored which characteristics of electronic textbooks correlated with knowledge 
acquisition by learners of different achievement levels. They concluded that not only 
the content of e-textbooks but also the design of the e-textbook software should be 
adapted according to the different achievement levels of students [23]. Lau [22] 
reports that e-textbooks should be seen as an extension of printed textbooks - not a 
replacement but an enhancement. Lau also suggests that younger students adopt e-
textbooks a lot easier, while adult learners seem to be more reluctant. 

5 The Limited Popularity of E-textbooks 

Whenever a new tool or technology comes along there is the potential for disruption 
to the existing order of activity and practice [28]. According to Smith et al. [28] 
disruption comes mainly in two forms: “e-[text]books can enable us to do the same 
things but in different ways, but they can also enable us to do different things – things 
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that we were not able to easily do before they arrived or even do at all” (p. 50). While 
we are not denying the importance of economical considerations and the examination 
of new affordances for interaction that e-textbooks provide, we want to suggest that it 
seems crucial to raise some fundamental questions regarding educational practices 
mediated by digital texts and their further development:   

In what ways is digitisation transforming our current teaching and learning 
practices and the use of textual artefacts? 

How can we re-conceptualise the textbook and textbook-like procedures in the 
context of the ongoing digital transformation?  

What kind of digital artefacts might be betters suited to mediate individual and 
collaborative knowledge construction in an increasingly networked environment?... 
and so forth. 

From our perspective, not addressing these type of questions and issues constitutes 
the main underlying weakness of the current use of e-textbooks in education. The 
continuous attempt to replace printed textbooks with their digital copies - without 
rethinking the educational practices that underpin the use of these resources – seems 
to be an important reason why electronic textbooks have not grown in popularity so 
far [2]. Resnick [29], among many others, believes that “teachers will continue to 
look for and use print materials because they like to teach with books, and books still 
do work when used correctly” (p. 176). On the other hand, contrary to Resnick [29], 
Warlick [30] and others suspect that in some cases teachers are dropping their 
traditional textbooks and exclusively use their digital materials that they curate or 
design themselves. Salpeter [31] even claims that good teachers stopped using 
textbooks years ago. In addition, as lessons and subjects become more and more 
interdisciplinary in nature - a demand that is explicitly formulated in some 
contemporary curricula - it is increasingly difficult to find a textbook that effectively 
covers all topics for a particular lesson. Many teachers already supplement or entirely 
replace their lessons with informational resources found and customised from the 
Internet. 

To conclude this section, e-textbooks in their current form have not made a proper 
entrance into K-12 education. What seems to be missing is an examination of current 
and evolving educational practices and their mediation with digital texts [28]. What 
seems to work in the context of general e-book consumption, for example, does not 
necessarily work for using e-textbooks in an educational setting. While simply turning 
traditional books into e-books has been a relatively successful practice, there is some 
evidence that this might not hold true for e-textbooks. After all, textbooks provide 
specific types of content and structure, and cater to different purposes.  

6 Re-conceptualising E-textbooks 

The textbook is an evolving instrument: from papyrus scrolls to illuminated texts of 
monastic libraries to mass-produced, richly appointed books [30]. In the midst of the 
unfolding digital transformation the textbook will most likely go through more 
thorough changes over time. After all “…the textbook is constantly updated right 
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before our eyes” [30, p. 29]. Our literature review has produced so far only a small 
number of contributions that attempt to re-conceptualise the e-textbook altogether. 
Park et al. [32], for example, propose a digital textbook, which is built on a problem-
based learning model. Smith et al. [28], on the other hand, propose that e-[text]books 
can be (re-)conceptualised in numerous ways: 

• As stand-alone resources to be consulted by individual learners, for convenience or 
for reasons of preference; 

• As part of an ecology or abundance of resources; 
• As a bridge between informal and formal learning; 
• As new cognitive tools that exploit multimedia capabilities to engage and reinforce 

learning; 
• As social tools enabling community-building through sharing or collaborative 

annotation; 
• As a further step towards greater inclusion and accessibility; 
• As part of an emerging industry of self-publishing and disaggregated content. 

Their conceptualisations of e-textbooks are seemingly close to the notion of open (-
access) e-textbooks – a concept that has gained attention and popularity in recent 
years. Although this strand of thinking carries a strong economical connotation, it also 
opens up some new pedagogical opportunities. Some hold the view that open e-
textbooks are indeed the future [33] and hold the potential to change the way 
textbooks are used, produced, and sold. Kanter et al. [34] define an open textbook 
very generally, and somewhat medium-independent, as “a body of educational 
content made openly available via the Internet, by mail, or in a bookstore with a 
copyright license that permits reproduction and distribution by the user” (p. 2). 
Among other characteristics, open textbooks are “protected by the creative commons 
license by which content may be copied, shared, or changed so long as the original 
author is attributed; they are developed by a community of authors or users and 
intended for educational purposes; and they are free” [35, p. 69]. Some authors 
maintain that being “open” makes it possible to keep content current, timely, and 
fresh; personalise, customise and localise it for a lesson [36]; marry the content with 
pedagogy and curriculum for a richer experience; break the textbook into granular 
pieces for instructors to bring in local context; and make the content portable and 
adaptable [35]. 

There are many initiatives for open-access textbooks (see for instance [35]). One 
good example comes from the CK 12 Foundation (http://ckI2.org) which provides 
open-access content through what they call FlexBooks, allowing teachers to author, 
modify, customize, and assemble existing content into books that fit the needs of the 
classroom or an individual student. They have established a community of educators 
and students who create, access, share, rate, recommend and publish. Subject matter 
experts and practitioners review the content produced. In addition it is ensured that 
the content is aligned to state and national curriculum standards. “The collaborating 
experience introduces an element of peer-review and in that way contributes to the 
authority of the information presented” [33, p. 3].  



144 T. Väljataga and S.H.D. Fiedler 

 

This type of e-textbook approach is a step further in the overall e-textbook 
evolution in an economical and pedagogical sense because open-access textbooks 
emphasise a crowd-based co-authoring approach and the formation of a community 
enabling anyone to contribute and modify the textbook. This type of “model” stresses 
the teacher as an important and necessary contributor to the creation of e-textbooks. It 
demonstrates the fact that textbook authors and publishing companies cannot expect 
to be anymore the sole authors and owners of content. Open e-textbooks allow 
teachers the freedom to choose and compile their own resources to cater to particular 
curriculum objectives [33]. 

Warlick [30] pondered already in 2006: “If teachers are beginning to construct the 
online digital textbook for their students, might there be some value in asking students 
to assemble their own textbooks? Is there some relevance in the 21st century to make 
students producers of their learning resources rather than mere consumers?” (p. 29). 
He continued his line of thinking in the following words: 

“…Think for a minute about learning environments where one of the jobs of the 
student is to research, select, collect, organise, and adapt content from various resources 
and assemble that information into a growing and evolving digital textbook, supervised 
both directly and digitally by the teacher. The student’s textbook would be crafted for 
his or her learning style, special interests, and personal sense of visual preference. 
Teachers would monitor their students’ textbooks by suggesting additional resources, 
questioning others, and supporting the ongoing assembly” [30 p. 29]. 

 A few years later Rampell [37] talks about online, peer-reviewed, interactive, 
user-editable e-textbooks as “social learning” sites, where students can chat and 
share notes while reading and instructors can edit the authors' words without 
permission. A similar vision (students as textbook generators) is proposed also by 
Smith et al. [28] and Sharples et al. [38]. They continue that “a logical extension to 
this mass sharing of comments is for students to write additions to textbooks, 
offering their own interpretations, explanations and examples, which they can then 
publish alongside pages of the book. Book publishers would need to set up a simple 
system of publishing and reward for such ‘book extensions“ [38 p. 9]. Because of 
the emergence of e-textbooks Moorefield-Lang [39] imagines students to become 
contributors of knowledge. They can read the book, take notes, add and share those 
notes, and contribute to the body of knowledge at large [39]. Her ideas are aligned 
with Scardamalia and Bereiter [40], who see students as a resource that has been 
largely wasted and that can be brought into play through pervasive technology. 
Students can construct and build their own knowledge by incorporating artifacts, 
which are professionally developed by instructional designers, teachers, and others. 
Students as creators are expected to gain more profound knowledge and become 
part of the collective intelligence [39]. In that way, e-textbooks are not anymore 
only representations of political, cultural, economic and political battles and 
compromises of small expert groups, but interlaced with students views, artifacts 
and knowledge. From this perspective the next generation e-textbooks will become 
information artefacts that need to be explored and co-created, rather than a road to 
be walked [30]. 
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7 Breaking Down the Textbook and Textbook Procedure 

While going through the current e-textbook literature we have also come across a few 
position papers that argue for a more drastic kind of change. Their authors want to do 
away with textbooks and the “all done by the textbook”-approach entirely - no matter 
if based on printed or digital material. They claim that textbooks are becoming less 
and less useful, both to students and instructors [2]. They see it as increasingly 
problematic that both textbooks and e-textbooks are generally designed to be read 
from beginning to end [41] as a coherent and predefined whole that learners and 
teachers need to work through in a linear fashion. For instance, Salpeter [31] in her 
article refers to Matt Federoff, director of technology for the Vail School District 
(Arizona), who claims that “the textbook delivery model is out of gas. No job in the 
world says read the chapter and answer the questions at the end of the book… Why 
should we take pre-packaged bulky content and try to shoehorn it into what we need 
to teach?” The possible alternative could be “the iTunes model” which allows for 
buying individual songs rather than the whole album. Similarly, instead of acquiring 
the whole textbook, a teacher might want to access only a small part of it. Since such 
a system of provision is already available for video and music content, some think it 
could easily be transferred to the field of learning and teaching [39].  

A rather similar stance is also taken by Davy [42], a progressive publisher who 
suggests to cluster professionally authored content items around a specific learning 
objective, rather than providing a complete textbook. In this model the textbook 
becomes a resource, which is broken down into its components that can be accessed 
in a number of different ways. Butler [41] envisions a practice in which teachers can 
customise e-textbooks as aggregations of various materials, not just what a single 
publisher has already aggregated in a particular textbook. However, the report 
delivered by MindCET [43] warns us that we are running “the risk of taking the 
digital textbook to become a collection of digital items, missing the main educational 
message of offering a meaningful educational learning environment” [43, p. 2]. 

8 Conclusions 

We are well aware of the limitations that go along with reporting from an analytical 
work in progress, however, we were able to identify some initial strands and concerns 
related to the current state of e-textbook research. So far the evolution of the textbook 
is predominantly driven by economic considerations - from the printing press to 
digital production, and from digital production to digital distribution - often leaving 
untouched issues of educational practice in the context of a wider socio-technological 
landscape that is increasingly dominated by digitisation and networking. Our 
literature review has shown so far that despite of some occasional, positive results in 
terms of student performance, current e-textbooks mimicking their print counterparts 
do not seem to be an attractive proposition for students, regardless of the economic 
benefits, flexibility, accessibility, and alleged attractiveness that has been attributed to 
them (see [26, 44-46]. The simple content digitisation that forms the basis for many 
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contemporary e-textbook initiatives might serve as yet another example for the rather 
restricted and uninspired ways in which ICT is used in today’s classrooms and 
schools, basically recreating traditional teaching and studying approaches with some 
digital means [47]. While we have found some promising examples of work that 
explicitly focuses on a more ambitious re-conceptualisation of the notion e-textbooks 
in formal education, the majority of published research doesn’t seem to share such a 
progressive agenda. Apparently, it rather follows what Fischer and Scharff [48] had 
so aptly called the “gift wrapping approach” in which digital technology is merely 
wrapped around old frameworks for education. To overcome this state of affairs we 
need more analytically driven efforts that follow a research rationale that is based on a 
notion of systemic intervention into current educational practice (see for example, 
[49, 50]). While we are trying to develop our own project work (Learnmix) into this 
direction, we will continue our ongoing review project and hope to report a more 
differentiated analysis of our still expanding literature base in the near future. Up to 
now we have only been able to draw some main demarcation lines and to highlight 
visible directions in the field. 

Acknowledgement. This research has been produced in the context of LEARNMIX 
project (No RU/3013) funded by Archimedes Foundation. 
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Abstract. Technology enhanced learning is a key part of learning and
teaching in most of the higher education. It not only provides easy access
to pedagogical content of interest with few clicks, but it is a great way
to acquire knowledge at ones doorstep. Many universities are providing
distance and blended education programs through eLearning platforms,
learning management systems (LMS) and smart tools, along side tradi-
tional lectures for on campus students. The use of recorded lecture videos
and audios, lecture notes, presentation slides, handouts, etc., are com-
monly used to disseminate knowledge via various eLearning platforms.
While these platforms are a good way to reach out to off-campus stu-
dents, they often lack a two-way communication between a student and
a teacher, and the interactivity with the content. The lack of real-time
interactivity and right communication channel make online courses less
effective. To address this problem we propose the use of an intelligent
pedagogical media called hyper interactive presenter (HIP).

Keywords: eLearning, pedagogical platforms, hyper media, interactive
media, intelligent chat bot.

1 Introduction

Numerous eLearning platforms, educational tools, learning management systems
(LMS), and open educational video resources have emerged in the last decade
with rapid development in eLearning technology. These include Fronter [1], ATu-
tor [2], Moodle [3], Khan academy [4], Coursea [5], edX [6] etc. These eLearning
platforms and tools provide useful mechanism of delivering educational resources
for distance and blended education. The resources normally comprise of recorded
lecture videos, PowerPoint presentation slides, audio transcripts, and related
documents. They are stored locally on the server or in learning object repository
(LOR) such as MERLOT [7] , either centrally or distributed. Learning objec-
tives are defined and meta-data is associated with these resources before they
are distributed to masses as learning objects (LO) [8], via eLearning platforms.

Despite successfully delivering the LOs, existing LMS and other eLearning
platforms still have not succeeded in capturing the real essence of a LO i.e.
interoperability, reusability, and most importantly the interactivity. Users may
be able to browse, locate and view the content in existing systems but they often
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cannot navigate to certain portion within the text, audio or video content. The
associated meta-data is often used only to search, store, and index educational
resources. It hasn’t been used to train and teach the system to adapt itself based
on users’ learning needs.

Theories like learning styles should also be taken into consideration. Learning
styles is a theory developed based on the fact that the ability of every individual
to process information differs during the learning process. In other words, every
individual learns in a different way [9]. Although studies showed no concrete
evidence that learning styles can improve the knowledge acquisition process of
students in classroom environment, they nevertheless remained significant and
resulted in different models in order to categorize learning style [10].

With the evolution of eLearning, more studies were conducted in order to see
if the learning styles affect the quality of learning through eLearning platforms
and if there is any difference between the way of learning through the classroom
and the eLearning platforms. The findings of studies like the one performed by
Manochehr [11], showed that learning styles although they are irrelevant when
the students are in a classroom, they had statistically significant value according
to the knowledge performance in a web-based eLearning environment.

There are possibly many ways to transfer knowledge to individuals based on
their learning style [12]. The success of a learning process is depended upon
two factors – users’ learning style or preferences and the way the knowledge is
presented to the user. Fleming’s VARK model [13] has grouped learners into four
categories: visual, audio, read/write and kinesthetic. To aid the learning process,
we need to deliver the educational resources adhering to users’ preferences based
on their learning style [14]. Existing eLearning platforms mostly rely only lecture
videos, which tend to be oriented towards visual learners. In addition, lecture
videos are often quite large, lacks interactivity, and are normally non-structured.
This makes it difficult for the learners to keep their interest level high.

In this paper, we propose a technology-rich pedagogical media platform called
hyper interactive presenter (HIP). The aim of HIP is to provide an interactive
learning environment to users by incorporating the concept of nano-learning [15],
and to address the above stated issues by creating effective multimedia learning
objects (MLO); a platform where users can interact with educational content
comprising of structured multimedia. The platform is in development stage and
is currently being used for research purpose only.

The rest of the paper is organized as follows. In section 2, we present the
proposed platform. Section 3 presents the initial experimental results on the
evaluation of HIP, while section 4 concludes our paper.

2 Hyper Interactive Presenter

HIP is an eLearning platform that provides technology-rich pedagogical media
for continuous education and connected learning. It combines four media modal-
ities to suit ones learning styles. These include text documents such as wiki pages
and pdf documents, PowerPoint presentations, lecture videos (visual/aural), and
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Fig. 1. A sample screen shot of hyper interactive presenter (HIP)

an interactive dialogue (intelligent pedagogical agent) along with navigational
links, tagged keywords, and frequently asked questions (FAQ). HIP supports
nano-learning by creating smaller chunks of video learning objects (VLOs), and
hyperlinking similar LOs across different media.

HIP comprises of many media elements, which are assembled in different sec-
tions (components), and are bundled (interlinked) together to form a HIP page.
These components are designed to support different types of learning styles.
Figure 1 shows an example of a HIP page layout with different components.

2.1 HIP Components

HIP comprises of four main components. The components are designed to present
the knowledge in number of ways, utilizing all the available media modalities.
These include hyper-video, PowerPoint presentation slides, documents, and a
pedagogical agent. We use these different media modalities in HIP to map the
VARK model, in order to support variety of learning styles.

It is a well-established fact that about approximately 65% of the population are
visual learners while others are textual learners [16], and 90 percent of informa-
tion that comes to the brain is visual [17]. HIP therefore, supports different learn-
ing styles by combining visual information with the text, and by providing users
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with an intelligent pedagogical chat bot to engage in a discussion. This is achieved
by interlinking different components together, which are briefly explained in the
following section.

Hyper-Video. Recorded lecture videos are used as an educational resource to
primarily assist visual and auditory learners. Lecture videos are usually very
long. A lecture video can often last for one to two hours and it can contain a
variety of different information, covering one or more subjects. For these reasons
lecture videos are very rich media with high complexity. Even though numerous
lecture videos are available on the web, most of the time they lack the necessary
supporting information and metadata; they are usually unstructured, unedited,
and non-scripted. This makes it extremely difficult for the interested student
to find relevant information easy and fast. Taking bandwidth limitations into
account the process becomes even more challenging.

HIP on the other hand, provides a hyper-video; segmented, structured and
edited VLO, based on the concept of nano-learning. A lecture video undergoes
a series of image and video processing steps to identify area of interest (AOI).
The AOI could be a start of a question, a new topic, or a pause during a lecture
etc. The identified AOIs are used as index points to create a smaller segment
of a video called VLO from the full-length instructional video. The index points
are used to create hyperlinks to jump to particular timestamps in the video for
quick navigation.

PowerPoint Presentations. The second main component that defines HIP
consists of PowerPoint slides. The use of slides caters to visual as well as tex-
tual learners. PowerPoint presentations are processed independently to create
images of slides that are used in the HIP. The images are synchronized with
corresponding lecture video via presentation overview. A presentation overview
provides navigational links to jump directly to a desired slide and to correspond-
ing timestamp in a video. Each slide title is automatically extracted to create a
presentation overview.

Semantic keywords are also extracted from presentation slides to create nav-
igational links and tag clouds. A tag cloud represents important words used in
the instructional content. The more important a word is in the given context
the bigger its size in a tag cloud. The importance of a word is computed based
on its frequency, its font size in PowerPoint slides, and the amount of time it
was visible in a particular shot in the corresponding video. Tag clouds are used
to provide a time-aligned navigation to hyper-video, PowerPoint presentation
slides, and text documents. Figure 3 shows an example of a tag cloud.

Documents. The document section is aimed at textual learners, learners who
prefer to read and go through details rather than watching and listening to
videos and to slides. The document section primarily constitutes lecture notes,
handouts, and/or wiki pages. These documents provide detailed content and
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Fig. 2. An example of a 3-dimensional tag cloud for HIP.

additional references to presented material in lecture videos and PowerPoint
slides.

Pedagogical Agent. The pedagogical agent is an artificial intelligent markup
language (AIML) based chat bot that act as the brain of the HIP. It is primarily
intended for a variety of different learning styles. For instance, it can benefit
learners that like to read and write. It is also very useful for auditory learners
that learn better through discussion.

The pedagogical agent provides interactivity to the user, responds to their
queries, find relevant material and concepts from within the lecture material in-
cluding lecture videos, PowerPoint slides, and documents, and it communicates
with users. The pedagogical agent has to be fed with the course domain knowl-
edge to be able to interact intelligently, and engage in a discussion with users.
The chat bot is a great way to interact with the user in real-time in absence of
a teacher, as is normally the case with existing eLearning platforms. This will
most likely keep users interest level optimal, and will help speed up the learning
activity.

In addition, the relevant meta-data information is also extracted for each
segment of a LO. The meta-data partially comes from videos such as the times-
tamps i.e. start time and the end time of a particular segment, and partially
from accompanying material such as PowerPoint slides, audio transcripts and
other textual documents. The meta-data is used for creating hyperlinks among
different media components of same LOs, and for segmentation and structuring
of MLOs.
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2.2 HIP in Action

HIP provides two-way synchronization between PowerPoint slides and corre-
sponding lecture videos. For instance, if someone browse presentation slides, the
video automatically jumps to start of a segment in video that contains that par-
ticular slide and vice versa. At the same time, corresponding content from the
document would appear in the document section. If it were a wiki document,
the page containing the corresponding information would appear. Similarly, the
presentation outline, extracted keywords and/or key phrases along with FAQ
are all linked to their corresponding VLOs, PowerPoint presentation slides, and
to accompanying documents/wiki pages.

For example, if one clicks a keyword about ‘eLearning’, appropriate video
segment would appear which talks about the given topic i.e. eLearning in this
case, and the corresponding slide would appear that was used during the talk,
along with wiki page containing information about eLearning. In addition, it is
possible to query the system via pedagogical agent to navigate to a particular
topic simultaneously across different media.

2.3 Case Senario

A simple case scenario would be that a user logs into his profile and navigate
to weekly lectures of the course he has registered. In weekly lectures the user is
provided with synchronized and structured HIP page.

Being a visual learner a user can play a video from start and watch it till
end. At the same time the PowerPoint slides automatically changes as the user
progress through the video, and the corresponding document will show up. If
at any stage a user feels like going through the slide for better understanding,
he can pause the video and look at the corresponding slide. Likewise, he can
refer to the document for even detailed information. A user can also query the
pedagogical agent to inquire about a particular topic or a concept if it is not
elaborated enough in the material. The agent will answer to user questions, and
will find requested information. The user can then engage in a discussion with
the pedagogical agent as if he is corresponding to a course instructor.

Contrary to visual learners, the textual learners can directly go through the
text document or PowerPoint slides. If they do not understand any concept or
topic, they can play the synchronized video from the point where they are in the
slide and/or document, and listen to the explanation provided by the teacher in
the video.

3 Experiment and Results

We conducted an experiment to evaluate the usefulness of HIP. The experiment is
divided into two parts. The first part of the experiment group students into four
categories based on their learning preferences. A standard VARK questionnaire
was used to differentiate students’ learning style and to group them as visual,
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Fig. 3. Grouping of students based on VARK learning model

audio, text and kinesthetic learners [10]. The questionnaire was distributed to
55 students comprising of bachelor and master level at Gjøvik university college
(GUC). The students were grouped into their respective category based on their
learning style, to have an equal distribution for the second part of the experiment.
The distribution of students is shown in Figure 3.

In second part of the experiment, the students were asked to go through the
HIP and non-HIP version of recorded lectures and to give their appreciation
on a Likert scale from 1 to 5, where 1 corresponds to strongly disagree while 5
corresponds to strongly agree.

The first four questions were aimed towards usability study of HIP in com-
parison to existing system (fronter) at GUC. The questions were:

1. Covering material through HIP is more useful?
2. It is easy to cover material through HIP?
3. Finding material in HIP is less time consuming?
4. Reviewing the material is easier than existing system?

The initial feedback was encouraging. 80% of the participants agree in re-
sponse to first question, whereas, 5% responded neutral and 15% against it. For
the second question, 85% students find it easy to cover the material through
HIP, while 15% disagree. Similar trend were observed for other questions. The
results are shown in Figure 4. Mostly students responded in favor of HIP when
asked if they would recommend a fellow student to use HIP, and if they will
prefer to use such a system to prepare for the exams. The results are depicted
in Figure 5.
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Fig. 4. Students’ response on a Likert scale of 1-5 for first four questions

Fig. 5. Students’ response to recommend and use HIP for preparation for exams

The findings of our initial experiment suggests that about 80% of the students
would prefer HIP compared to the existing system in use at GUC. This is due
to the fact that many students find it easy to navigate and jump through the
material without browsing the full video and presentation slides. On the contrary,
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few students were reluctant to adapt to the new environment, as they were
comfortable using the old one and would not like to switch.

4 Conclusion

HIP provides technology-rich and interactive pedagogical hypermedia that sup-
ports multiple media modalities for fast and easy navigation of instructional
content. It combines text, audio/video, and PowerPoint presentation slides to
best suit individual’s learning style. It also provides interactive tools such as
pedagogical chat bot to engage the user in the learning process. HIP provides
the users with the option to use the medium they are best adapted to. Thus
maximizing the learning outcome and reducing the time one spend on learning
activity. From initial empirical analysis, it is safe to conclude that such a system
would prove beneficial for keeping the learners interest level high and attention
span longer, ultimately maximizing the learning outcome. As a future work, sub-
jective experiments are underway to evaluate the learning outcome experience
of the users and the effectiveness of such a platform.
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Abstract. In recent years, a growing number of institutions in higher education 
is in progress to adopt cloud storage services. This paper describes the 
Sync&Share NRW-project in North Rhine-Westphalia (Germany) with a target 
audience of up to 500,000 users and presents the main results of a preliminary 
large-scale survey at the University of Muenster with more than 3,000 partici-
pants. The results of the analysis indicates a very high demand for an on-
premise cloud service solution in German higher education with mobile access, 
a storage volume comparable to commercial offerings, collaborative features 
such as simultaneous work on text documents and, above all, high data protec-
tion standards. 

Keywords: cloud storage services, higher education, technology adoption, trust. 

1 Introduction 

Cloud storage services like Dropbox allow users to store files remotely and to syn-
chronize them over multiple devices. This approach has gained increasing attention 
during the last years. Beside the ubiquitous availability of personal files through mo-
bile devices like smartphones and tablets, enhanced collaboration possibilities also 
contribute to the arguments for the use of such services. However, a still unsolved 
problem is the legal framework for governing cloud solutions. Until now, there exists 
no international legislation regarding data protection. Furthermore, national laws are 
rarely equivalent and can be even conflicting on a global level. The situation is aggra-
vated by the fact that all major public cloud storage providers like Dropbox, Google, 
Amazon, Microsoft or Apple are located in the US. Latest revelations on the mass 
surveillance undertaken by the NSA caused a further loss of trust in public cloud ser-
vices. In the academic community, the utilization of cloud services, free or paid, is not 
uncommon, even for storing sensible research and teaching data. This creates substan-
tial data privacy and confidentiality issues. 
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Against this background, the leading IT managers of the majority of the research 
universities in North Rhine Westphalia (NRW) have launched the “Sync&Share 
NRW”-project with the aim to set up a cooperatively operated cloud storage platform 
for researchers and students. A consortium of research and applied science universi-
ties, headed by the University of Muenster and covering approx. 60 percent of the 
academic community in NRW, has been formed to design a system for possibly up  
to 500,000 users. In this paper, we describe and discuss the results of a large-scale 
survey conducted at the University of Muenster, which includes more than 3,000 
responses. 

This article is structured as follows. In the next section we provide a general intro-
duction into cloud computing and cloud storage services in higher education. After-
wards, the design and structure of the survey as well as main facts regarding the group 
of participants will be described. In the subsequent section we present the main sur-
vey results. The paper concludes with a summary and some implications of the results 
as well as an outlook for further research and next steps of the Sync&Share-project. 

2 Theoretical Background 

2.1 Cloud Computing  

As a new emerging technology and due to its considerable benefits for companies [1], 
cloud computing has gained a lot of attention in recent years. According to the defini-
tion of the National Institute of Standards and Technology (NIST), cloud computing 
is “a model for enabling ubiquitous, convenient, on-demand network access to a 
shared pool of configurable computing resources (e.g., networks, servers, storage, 
applications, and services) that can be rapidly provisioned and released with a minim-
al effort or service provider interaction as a pool of computing resources” [2]. There 
are three types of cloud computing service models: Software as a service (SaaS), plat-
form as a service (PaaS), and infrastructure as a service (IaaS) [2-4]. In the case of 
SaaS, access to software is provided remotely as a web-based service [2]. PaaS pro-
vides a computing platform to allow users, mostly developers, to build applications 
and services over the internet [2]. In the case of IaaS, computing resources such as 
storage is provided through the internet [4]. Regarding the deployment models, four 
types can be distinguished: A private cloud is exclusively used by a single institution 
whereas a public cloud is used by the general public [2]. A community cloud is exclu-
sively used by a community of users from institutions that have the same concerns 
(e.g. security or compliance requirements) [2]. A hybrid cloud is a composition of two 
or more cloud infrastructures. The physical location of the cloud infrastructure can be 
either off premise or on premise (except in the case of public clouds) [2].     

2.2 Cloud Computing in Higher Education 

Cloud computing is not only used in the business community. Educational establish-
ments have also recognized the various benefits of using cloud computing services 
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[5]. As is the case with organizations, cloud computing can help to reduce universi-
ties’ IT complexity and costs by replacing software installation on campus computers 
with applications delivered via the Internet [6]. Furthermore, due to web-based 
access, university teachers, students and staff can access educational tools or files 
saved in the cloud from almost any internet-capable device [7]. Especially in case of 
hardware failures, cloud computing can serve as an effective backup and recovery 
solution [8] for study related materials such as theses or research papers. In addition, 
cloud computing can be used to facilitate collaboration among working groups as  
well as between universities and their partner organizations [9, 10]. For example, a  
researcher team working on a paper can collectively create a temporary shared work-
space and thus ease the joint work on this paper [10]. Since more and more research-
ers are working with team members from different universities and countries, this 
kind of virtual teamwork could gain in importance.  

Statistics show that the use of cloud computing in educational institutions is on the 
rise. The CDW 2011 Cloud Computing Tracking Poll1 for example reported that 34% 
of higher education institutions use some form of cloud computing [5]. A number of 
universities, such as the University of Westminster or the New York University, for 
example, use Google Apps for education which provides email and collaboration 
tools [11]. In the next years, higher education institutions even plan to spend more on 
cloud resources.  

However, the use of public cloud at universities also entails certain risks such as 
privacy invasion or data security breaches [10]. For example, researchers storing  
research data in a public cloud could lose the copyright of their research work. Fur-
thermore, universities could face regulatory compliance problems [12]. Employees of 
the university administration are working with very sensitive personal data of their 
students. When they store personal data of the students on the servers of a cloud pro-
vider, they lose a degree of control over these sensitive data [12]. The cloud provider 
then has to protect that data from hackers and internal data breaches rather than the 
university [12]. Nevertheless, the university has to comply with relevant regulatory 
laws as well as information security standards (e.g. ISO27001) and thus is still ulti-
mately responsible for that data [12]. Due to certain characteristics of cloud compu-
ting, to fulfill this responsibility becomes a very challenging matter. In most cases for 
example, the storage location of the data is obscure and it is also unclear, who has 
accessed the data [13]. In addition, the university often does not exactly know which 
security measures the provider has implemented to secure the data [12]. These men-
tioned concerns indicate that a cloud computing system specifically for university 
purposes is needed. There are very few practical examples showing that this concept 
can succeed. The Oxford University together with VMware e.g. created a database-as-
a-service (DBaaS) in a hybrid cloud for use by its researchers [15]. With this service, 
 

                                                           
1  The CDW 2011 Cloud Computing Tracking Poll surveyed 1,200 IT professionals in U.S. 

organizations: small, medium, and large businesses, local government agencies, health care 
organizations as well as K-12 and higher education institutions. 
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researchers are able to securely store their research materials for easy access. In the 
following sections, we want to contribute to the discussion of cloud services in higher 
education on a large-scale basis. 

3 Survey Structure and Participants 

To study user expectations as well as acceptance on a broad basis, the Research 
Group for Communication and Collaboration Management (CCM) at the University 
of Muenster, which represents the headquarter of the European Research Center for 
Information Systems (ERCIS), conducted an online survey in cooperation with the 
Centre for Applied Information Technology (ZIV) at the University of Muenster. 
Established in 1780 and with 40,800 students as well as 6,650 employees (2013), the 
University of Muenster is one of the oldest and biggest universities in Germany, lo-
cated in the federal state of North Rhine-Westphalia. All students and employees of 
the University of Muenster were invited to participate in the survey; 4,830 of them 
started and overall 3,774 (2,704 students and 1,070 employees) completed the ques-
tionnaire. Each of these participant groups, students and employees, were asked up to 
27 questions, dependent on their replies to specific filter questions. Four topics were 
assessed in total. In the first section the respondent was assigned to a participant 
group (student or employee) and also to a specific area of studies (e.g. economic 
sciences). The second section served the goal of raising the status quo, by enquiring 
i.e. the actual memory storage requirements and gathered experience with other cloud 
storage services (e.g. Dropbox). In the third section the Sync&Share project was de-
scribed in detail. Following, the relevance of certain properties, features and functio-
nalities as well as the participant’s willingness to use the service were surveyed. The 
last section included the sampling of demographic and additional personal data (age, 
gender, used devices and operating systems, etc.), that could be voluntarily provided 
by the respondents. The posed questions predominantly consisted of multiple choice 
questions that allowed both single and multiple selections of predefined answers. At 
some points, the participants were also able to leave comments, additions and specify 
their responses with regard to certain aspects, by using the provided text fields. 

With regards to the group of participants in the collected data set, the majority of 
the students is between 20 and 30 years old (84%). 36% of the employees is between 
20 and 30 and 32% between 31 and 40 years old. Furthermore, 57% of the students 
and 64% of the employees are male. 65% of the students (employees: 67%) rank their 
computer knowledge as “good” and 22% (employee: 26%) see themselves as experts. 
The majority of the surveyed students is enrolled in economic sciences (13%) respec-
tively mathematics and informatics (11%), while the largest share of the participating 
employees works in the areas of medicine (17%) respectively chemistry and pharma-
cy (9%). With regard to the deployed operating systems on their PC/laptop, both user 
groups mainly use Windows (students: 76%; employees: 73%), followed by Mac OS 
(16% respectively 17%) and Linux (7% respectively 8%). Students use Android 
smartphones more frequently than employees (62% versus 52%), while the latter is 
more frequently in the possession of an iPhone (32% versus 40%). 
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4 Survey Results  

4.1 Current Use of Cloud Services and Reasons for Rejection 

85% of the students currently use at least one cloud service (employees: 73%). Most 
of them use Dropbox (79%; employees: 65%) and Google Drive (each 17%), as can 
be seen in fig. 1. The majority of the participants started to take notice of cloud ser-
vices due to recommendations from their closer social environment like friends, rela-
tives or colleagues (students: 81%; employees: 76%).  

 

 

Fig. 1. Current use of cloud services 

Students currently use cloud services for project work (83%) and teaching material 
(78%). Furthermore, cloud services are used for private pictures (54%) and other 
personal data (58%). Employees use cloud services mainly for work-related material 
(78%), private pictures (52%) and other private data (62%). The majority of the stu-
dents states to use a study related data volume between 1,1 to 4,9 GB (30%). Others 
(21%) indicate a volume ranging from 5 to 10 GB. Only 3,3% utilize a volume from 
21 to 30 GB and 5% more than 30 GB. By comparison, employees specify a consi-
derably higher data volume. Here, the most frequently stated storage volume is more 
than 30 GB (20%). Another 19% claim a volume ranging from 5 to 9,9 GB and 17% a 
volume of 1,1 to 4,9 GB. 

The most important reason for rejecting cloud storage services (multiple selections) 
is a low confidence in the data protection of commercial providers (students: 64%; em-
ployees: 62%). Based on a first analysis of answers on an open-ended question, ans-
wered by 1,636 (43%) of the survey participants, we were able to identify factors that 
are important for the trustworthiness of a provider. In this regard, data privacy and data 
protection are of top priority. Approximately 45% of all participants state that the pro-
vider has to consider certain technical aspects in order to be evaluated as trustworthy: 
the provider needs to implement measures for data privacy and protection, to comply 
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with high security standards, to be certified by independent institutions, to ensure a high 
availability of the system, to use data encryption techniques also during data transmis-
sion and to realize access restrictions. In addition, 18% state that high transparency is an 
important criterion for establishing trust. The participants want to know, for example, 
who has access to their personal data, where the data is being stored, and which security 
measures are being implemented in order to ensure data protection and security. Fur-
thermore, the comprehensiveness of the terms of conditions (AGB) and the privacy 
policy are mentioned. 42% of the respondents express that the provider should not only 
act in his own interest but also in the interest of the users. In addition, the data should 
not only be protected against the access of third parties, but also against the provider 
itself. Another aspect is legal compliance. The respondents, who mention this aspect, 
emphasize the importance that the provider’s servers and jurisdiction are located in 
Germany. Furthermore, a closed-ended question indicates that universities per se enjoy 
a high level of trust. 81% of the students and 74% of the employees would trust a cloud 
provider more if it was a university rather than a private sector company.. The personal 
contact to the provider is named by 10% of the participants as another criterion for trust 
establishment. 

The second most important reason for students’ reluctance to use cloud services is 
“no current need” (41%), while this is only the case for 25% of the employees (see 
fig. 2). For the latter group of participants the insufficient presence of information 
(36%) is the second most important reason (students: 35%). For the majority of the 
participants, it is very or rather important that the provider gives them information 
regarding implemented security and privacy measures (students: 77%, employees: 
82%), skills and responsibilities of their staff (students: 56%, employees: 69%), gen-
eral information about their organization (students: 77%, employees: 75%) and de-
scriptions of users’ rights (students: 71%, employees 67%). The fear of data loss is for 
both students (32%) and employees (28%) of comparatively low relevance.  

 

 

Fig. 2. Reasons for the disuse of cloud services 
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In an open text field, 24 participants give further indications for the disuse. In 
doing so, 29% again express their concern for data privacy concerns. 25% prefer other 
methods to share or backup data (e.g. “USB sticks are safer”; “I own a network drive 
(NAS)”). 17% state that there is a lack of motivation and time to deal with the topic. 

4.2 Expectations Towards a Cloud Storage Service at the University 

The expectations towards the features and functions of a university cloud storage 
service are quite homogenous among students and employees (see fig. 3).  

 

 

Fig. 3. Expected features by students (left) and employees (right) 
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The majority of both participant groups considers the possibility of flexible data 
sharing with other students/employees (students: 70%; employees: 66%), a full text 
search function (55% respectively 48%) and the simultaneous and collaborative edit-
ing of electronic documents as most important features.    

With regard to the required properties and attributes, 74% of the students consider 
a constant availability on different devices very important (employees: 80%). Fur-
thermore, 65% of the students agree on the high importance of the encryption of data 
(employees: 64%). The storage of the data on German server sites is regarded as very 
important by 41% of the students and 53% of the employees. With regard to the  
integration of existing learning systems, this is the case for 29% of the students and 
44% of the employees. Concerning the preferred devices deployed for the use of the 
services, students would mainly use PCs/laptops (98%), followed by computers pro-
vided by the university (63%), and smartphones (59%). The employees specified to 
use their professional (95%) respectively private (79%) PC/laptop, followed by  
the private smartphone (48%). Moreover, 33% of the students and 37% of the em-
ployees consider their personal relationship to the provider of the service important. 
To have a local contact person is important for 67% of the students and for 76% of the 
employees. 

4.3 Demanded Storage Volume and Intention to Use 

With regard to the required memory storage offered by the cloud service, the partici-
pant groups show deviating volume needs (see fig. 4). While the surveyed students 
are predominantly satisfied with 1,1 to 4,9 GB (29%) respectively 5 to 9,9 GB (25%), 
the majority of the employees specifies a required data volume of 10 to 20 GB (25%) 
respectively 5 to 9,9 GB (20%). 12% of the employees state a required data volume of 
more than 40 GB what is only for 4% of the students the case. 

 

 

Fig. 4. Demanded storage volume 
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93% (employees: 90%) of all respondents have the intention to use the university 
cloud storage service. For the students who have already used cloud services in the 
past or present, the willingness to use the Sync&Share service (97%) is 22% higher 
than for students without any cloud experience (75%). Regarding the employees, the 
results are similar. 97% of the employees with cloud experience but only 76% of 
those without experiences with such kind of technology signalize an intention to use. 
54% of the students and 45% of the employees that state to have the intention to use 
the cloud service would like to continue to use it even after their studies respectively 
employment ended. If the university does not facilitate continuous usage, 41% of the 
students would appreciate a transition period of three to six months (employees: 37%) 
and 38% of more than six months (employees: 36%). 

Besides the descriptive statistics, we also searched in the data for factors influen-
cing the willingness to use the university cloud service. Some results indicate that 
there might be few influencing factors especially with regard to students’ willingness 
to use the cloud service.. For example, students who already use Dropbox, have a 
13% lower willingness to change the provider and exclusively use the cloud service of 
the university. The more important the information regarding the data security, the 
higher is the willingness to solely use the service. Furthermore, 22% of the respon-
dents who consider provided information regarding data security as “rather impor-
tant” state that they would exclusively use the university cloud service while 28% of 
the participants who consider these information as “very important” give this re-
sponse. The consideration of a German server site seems to have equal impact on the 
intention to use. The more a storage location in Germany is considered as important,, 
the higher is the willingness to exclusively use the university cloud service. 22% are 
among the participants who consider this as “rather important”, while 33% select 
“very important” as their response. 

5 Conclusion and Outlook 

For the success of the described Sync&Share NRW-project, it is important to gain 
indications on how the cloud service should be designed to be attractive for the target 
audience. In this regard, identifying factors which positively impact the intension to 
use such a university cloud computing service is of high relevance. Furthermore, 
these results can contribute to knowledge regarding the use of cloud services in higher 
education in general. The survey shows that most of the survey participants already 
use or used cloud services for private or professional purposes. This is important, as 
the Sync&Share cloud storage service will not be a new technology to these persons, 
what in turn increases the chance of their cloud adoption compared to people without 
any cloud experience. The possibility of sharing data with other cloud users, a full 
text search function and the simultaneous editing of text documents are seen as the 
most relevant cloud service functions. Moreover, the students and employees emphas-
ize the need for data access through different mobile devices such as laptops, tablets 
and smartphones. 
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Another crucial aspect has a high impact both on the design of the planned cloud 
service as well as on the willingness of the users to adopt it: data security. The survey 
reflects the awareness for data security issues, e.g. caused by the NSA scandal. At the 
moment, the majority of the participants uses cloud services such as Dropbox or 
Google Drive that store their data primarily on servers in the US. The survey indicates 
a significant distrust towards these commercial providers, while public academic in-
stitutions are seen as far more trustworthy. The high percentage of current cloud users 
and simultaneous distrust towards their provider shows that students and employees 
lack of alternatives to existing commercial cloud solutions. An on-premise solution, 
hosted by educational institutions with the academic community as the target group, 
would represent such an alternative. If such a cloud service provides storage volume 
comparable to current commercial offerings and comprises functions and features that 
meet the demand for data protection as well as the progression of work in mobile, 
interdisciplinary and distributed dimensions, it will be an important tool for future 
collaboration in higher education. 

The next step of the research agenda will be the analysis of further survey data that 
were recently collected from other universities in North Rhine-Westphalia (altogether 
over 10,000 participants). Regarding the project management, the objective is not 
only to compare the results on a cross-university basis but also to derive conclusions 
regarding the cloud service adoption rate and required average storage volume of  
the target user groups. In aspects of science, the goal is to contribute by additional 
publications regarding the diffusion of large-scale cloud storage services in higher 
education, identification of valuable use-cases and impact factors on the technology 
acceptance. In addition, an in-depth analysis of the open-ended question (factors in-
fluencing users’ trust in cloud computing providers) would help to develop a general 
concept of users trust in cloud computing providers. It is also needed to investigate 
what kind of additional services (e.g. social media applications, mobile access) could 
be offered to the users [17, 18]. Furthermore, the Sync&Share NRW project may also 
serve as a teaching case in order to educate students about cloud computing in the 
context of higher education, as well as entailed aspects such as trust building.  
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Abstract. Creating multi media learning resources has become a com-
mon standard in university level teaching. We present an online video
annotation editor, allowing to create time aligned annotations of video
material. The editor is implemented using HTML5-technology and runs
in a standard web browser. The annotations are used to generate search-
able indexes, making it easy to quickly navigate in the video.

Keywords: online video annotation, learning videos, time aligned an-
notations.

1 Introduction

Creating multi media learning resources has become a common standard in uni-
versity level teaching. Large amounts of video data are created as video record-
ings of standard classroom lectures, as screencasts produced to introduce into
software systems, or as dedicated learning resources produced in professional tv
studios. One of the central drawbacks of such recordings is their lack of accessi-
ble internal structure. When learning with electronic resources, students need to
have access to the presented content, especially when preparing for exams. An
automatic processing of the video content is still very limited, providing results
that are far from satisfactory.

In our approach we developed an online video annotation tool allowing to
annotate video content based on timing information. The annotations are stored
in a separate XML-file. Based on this data, structural navigation and search
can be perfomed by the students. From the XML-file we are generating specific
HTML5-based online views that provide the students with a content outline,
search menus and also generate an alphabetic index. These ressources are all
linked to the original video data, making it easy to identify the relevant content.

2 TASX-Corpora

Over the last decade multiple tools for the creation of multimodal annotated me-
dia resources have been realized (see [1], [2], [3], [4], [5]). Especially the creation
of multi level annotated data sets has been under investigation here. Our work so
far has been focusing on the development of tools for the creation of multimodal
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corpora (TASX-Annotator, later the Eclipse-Annotator, see [8], [10]), followed
by a tool for the creation of parallel text corpora (SAM, see[11]). The TASX-
Annotator has been used to create annotated language recordings, including
annotated corpora of video recordings of german sign language (see [9]).

From the collected data an XML-annotated multimodal corpus has been set
up. The XSL-T based transformation of the data allows to generate multiple
output formats from a single data source. The TASX-environment supports the
complete corpus setup procedure: XML-based annotation of raw video data,
the transformation of non XML-data and the analysis and dissemination of the
corpus.

2.1 The TASX Format

A central aspect of our research ist to explore up which point standard XML tech-
nology (XML, XSL-T, XSL-FO, XPath, SVG, XQuery) can be used to model
multi media corpora, to transform, query and distribute the content of such
corpora and to perform adequate search and usage analysis. As a result all an-
notation data in our system ist stored in an XML-based format called TASX:
the Time Aligned Signal data eXchange format. A TASX-annotated corpus con-
sists of a set of sessions, each one holding an arbitrary number of descriptive
tiers, called layers. Each layer consists of a set of separated events. Each event
stores some textual information (e.g. explanations form the teacher, question of
the students) and is linked to the pimary video data of the classroom recording.
This is realized by defining two time stamps per event, denoting the interval the
event. Events may also carry non speech data, including slide changing marks,
pointing directions, mode changes, external references. Relations between events
on different tiers can be encoded by defining links using the ID/IDREFS mech-
anism of XML. This approach is comparable to using stand-off markup in the
creation of multimodal corpora. Finally, arbitray meta-data can be assigned to
the complete corpus, each session, each layer and each event. It might be nec-
essaryto extend the meta data description in a way, that tree structured data
can immediatly be described by XML-annotaitons. Currently we rather use the
simpler version describing meta data in a linear structure. The following DTD
formalizes the structutre of the TASX format:

<!-- corpus data -->

<!ELEMENT tasx (meta*,session+)>

<!ELEMENT session (meta*,layer+)>

<!ELEMENT layer (meta*,event+)>

<!ELEMENT event (#PCDATA,meta*)>

<!-- meta data -->

<!ELEMENT meta (desc*)>

<!ELEMENT desc (name,val)>

<!ELEMENT name (#PCDATA)>

<!ELEMENT val (#PCDATA)>
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<!-- atributes -->

<!ATTLIST session

s-id CDATA #REQUIRED

day CDATA #REQUIRED

ref IDREF #IMPLIED

month CDATA #REQUIRED

year CDATA #REQUIRED>

<!ATTLIST layer

l-id CDATA #REQUIRED

ref IDREF #IMPLIED>

<!ATTLIST event

e-id CDATA #REQUIRED

start CDATA #REQUIRED

end CDATA #REQUIRED

ref IDREF #IMPLIED

mid CDATA #IMPLIED

len CDATA #IMPLIED>

<!ATTLIST meta

m-id CDATA #REQUIRED

ref IDREF #IMPLIED

access CDATA #IMPLIED

level CDATA #IMPLIED>

Despite of it’s simplicity,the TASX-format is powerful enough to encode most
of the corpus annotation formats currently in use. Indeed a number of format
transformation programms have been implemented. For example, in order to re-
construct the equivalent annotation graphs representation of a TASX annotated
corpus, one only has to collect the time stamps encoded in the start and end
attributes of the event tags, sort them and then produce the timeline. Finally
the time stamps of the events have to be replaced by references to the timeline.

2.2 The TASX-Annotator

In order to create TASX-annotated corpora the TASX-annotator has been de-
veloped. The programm is very user friendly and can be used without a high
level of computer skills. It is possible to completely control the tool by either
mouse or by keyboard shortcuts. Video and audio playback can be controlled
by a foot switch. Different data views are programmed (time-aligned partiture,
word-aligned partiture, sequential text view) to make annotation as effective as
possible. The time aligned view is organized as a two dimensinal grid of infinite
size.

A layer is presented as a horizontal tier of events. The order of the layers is
arbitrary and can be changed instantly. The user is able to define time intervals
by dragging the mouse. Each time interval represents an ev ent. The event is
displayed as a graphical box which can be selected and moved with the mouse.
The content of an event is entered in an additional text field.
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Fig. 1. A screenshot of the TASX-annotator. In the bottom half, the main panel is
visible, where the time aligned tier view has been selected. On top of the main window,
the font selection panel is visible (showing some IPA characters) and above it the find
tool. In the upper left corner the video display can been seen.

Any (unicode) font (e.g. IPA fonts, HamNoSys fonts etc.) available for the
operating system can be used for the transcription. The user can choose font
and fontpage from a table displaying all characters of the selected font. It is
also possible to define a virtual keyboard which maps the given keystrokes to
arbitrary characters of the target font.

A separate video playback window will open up for each video file making
it possible to e.g. display multiple perspectives of the same scene. The video
playback is synchronized with the transcription. For audio transcriptions an
oszillogram is calculated and is displayed inside the main window. In the text
view the data can be manipulated in a standard text editor panel.

The content of the editor represents the layer and each line represents an event.
A list selection box allows switching between different layers. It is possible to
transfer text from standard text editors, e.g. Microsoft Word, by cut and paste
operations. In order to additionally speed up the transcription process, a word
completion function has been implemented for the text view. Entering the initial
letter of a word will bring up all words starting with this letter. Once the text
is tranferred into the TASX-annotator, the events still have to be aligned with
the primary audio and video data.

Switching back to the time aligned view and moving the events with the mouse
makes this task quite simple. In the partiture vie w the data cannot be edited. In
practice this means that the data is transformed into an HTML table and then
displayed to the user. A number of different HTML formatted views have been
designed. The views can also be saved to external files and loaded into standard
web browsers. One potential strength of the TASX-annotator is its manner of han-
dling the export/import of XML based information. A standard way of solving
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this problem would be the implementation of a set of format specific XMLparsers
which construct the internal representation of the XMLfile. While powerful inte-
grated development systemsmake the design of suchXML handlers simpler, it still
remains a complex task to implement such a parser. In the TASX-annotatorwe fol-
low a different approach. The system integrates anXSL-T processor (saxon), mak-
ing it easy to perform on the fly data transformations.The import of anXML-file is
split into two steps: first an XSL-T stylesheet transforms the XML file into TASX,
second another XSL-T stylesheet will transform the TASX file into a simple text
oriented format. This format can be loaded efficiently.

2.3 Pause Tracker

To speed up the annotation process a pause tracking programm has been devel-
oped. The programm separates speech from pauses and generates a TASX anno-
tated XML document with two tiers, one holding all pause events, the other one
holding all speech events. The tracker uses Praat to perform the actual speech
analysis. It simply calculates the pitch curve of the audio signal. If no pitch is
detected, then non-speech is assumed, otherwise speech. In a second step, the re-
sults of this classification are combined to continuous stretches of pauses/speech.
Finally the TASX conformant output is generated. The pause tracker has shown
to work quite reliably on a set of recording in different languages (Japanese,
English, German, Saterfriesisch, French, Ega).

Even if tracking is far from perfect, the annotator gets a good pre-segmentation
of the signal. This allows to move very quickly through the file, possibly perform-
ing minor adjustments to the boundaries or combining a set of separated events
of one speaker . While the pause tracker gives good results when processing
lecture recordings it is not of much help overlapping speech.

3 VAT: The Video Annotation Tool

Currently a large number of course recordings are created at the university.
Students use these recordings as part of the preparation for the final exams. A
big drawback of such recordings is their (long) duration and the lack of direct
access to the content. Searching for slides, finding explanation of specific topics
or keywords across all recordings is not possible.

In order to create more effective video learning ressources we have started
to develop an online annotation editor for the creation of multi level annotated
learning videos. The development is part of a cooperation between central elearn-
ing laboratory and the computer science department of Fulda University of Ap-
plied Sciences.

The annotation levels are synchronously linked to the video, each level con-
taining an arbitrary number of events, holding a level specific description of the
associated part of the video content. Events may overlap inside the levels and
across levels.

The annotation data is stored in the XML-based format TASX (Time Aligned
Signal data eXchange format). The TASX files eventually carry all information
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Fig. 2. A short video annotated with the video annotation tool. The user is able to
load video and annotation from separate files. The event list is presented to the user. A
simple click moves the video to the corresponding position in the video. The complete
system is realised as a HTML5 application, running in standard browsers on almost
any platform.

Fig. 3. The video annotation editor supports a number of different video formats.
These depend on the support of the underlying web browser.

about a specific digital artifact, including the video file meta data, the level
structure and of course all description events with their respective temporal
information.

The implementation of the tool is based on HTML5 technologies. As such, it
runs in most of the current web browsers and is therefore platform independent.
The video material is streamed by the central video server of the university.

We tried to make the user interaction with the annotation editor as simple and
effective as possible. Moving through the video data, adding layers and events
and entering annotations is straight forward and fast. Upon key press, the editor
will generate the XML-file, which can be stored locally or put onto the central
elearning server.

Once the annotations are completed, the TASX file can used to generate
various elearning resources. A linked index of all annotation is automatically
created, making it possible to directly jump to specific topics. Further processing
of both video and annotation data is realized with XSL-T programms. We have
implemented programms to generate book like HTML structures out of the video
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Fig. 4. Inserting an annotation with video annotation tool is simple. The annotator is
moving to video to a definite position and enters the describing text. This also works,
while the video is running. As soon, as text is entered, an annotation event is created
and stored.

content. This process combines the textual annotation with screenshots of the
slides and at same time provides the relevant (small) parts of the video. The
students love these enhanced video view and use it very effectively during the
exam prepration.

We have started to experiment with speech recognition and OCR in order
to automatically extract annotations from the video. Results are promising, but
further tests have to be performed.

4 Conclusions

We presented the development of a video annotation tool used for the creation of
annotated learning videos. The underlying data is stored in an XML-file using
the TASX-format. TASX provides a general format for the exchange of time
aligned data, thus being specifically useful in the context of lecture annotations.
While already powerful annotation tools existed, we chose to create a simple to
learn online video annotation tool. Using standard HTML5-technology makes it
possible to quickly create annotated version of lectures, both by students and
teachers.
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Abstract. This paper seeks to identity and provides Critical Success Factors 
(CSFs) that affect the decision of adoption of e-Learning 3.0 systems. The study 
begins with a literature review related to the CSFs for information systems, 
followed by a literature review for e-Learning systems CSFs. The paper 
introduces an initial framework for understanding of which factors can 
influence successfully the adoption of an e-Learning 3.0 system. The 
framework is composed of five main dimensions, such as: technology, content, 
students, professors and educational institutions, as well of its influencing 
factors, and characterizes the factors in each dimension. This study can assist 
the stakeholders, i.e. students, professors and organization, in their intension to 
adopt an e-Learning 3.0 system 
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1 Introduction 

The exponential deployment of information technology, along with new 
developments in education, launched excellent opportunities for new learning 
methods. In the last decade, the e-Learning concept had a growing recognition and is 
currently one of the most prominent developments in the information systems 
industry.Today, e-learning has evolved into a model widely adopted in academic 
institutions [1].The first version of e-Learning, e-Learning 1.0, was pioneer in the 
online distribution of educational contents. Learning materials transposed the walls of 
the classroom. However, as the internet was in its early stage of development, these 
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contents were read only. The information was available, but it was static, and could 
not be edited. With e-Learning 1.0, students had freedom in terms of space and time, 
allowing them to organize their learning processes and at their own rhythm. However, 
the learning process remained pre-established.The content was organized into units 
and modules. Learning Management Systems (LMS) were introduced to assist the 
process of administration content and didactic tools to enhance learning [2]. With  
the evolution of the Web and the great popularity of Web 2.0, e-Learning took the 
technology behind “read/write web” and addressed itself more to the student and to 
the collaborative environment. Collaboration, information exchange, social learning, 
content generation, are the pillars of e-Learning 2.0 [3].Education faces many 
challenges such as budget constraints, rising costs and increasing demand for e-
learning platforms [4]. The response to these challenges, by educational institutions, 
has led those to reassess how the teaching is being carried out. In this perspective, the 
added value that Web 3.0 brings to e-Learning has been questioned as well. As with 
other technologies and pedagogical tools [69] [70], the first step to implement Web 
3.0 on e-Learning is to decide whether, in fact, it is a valuable resource. It is believed 
that Web 3.0 can be a powerful pedagogical tool that has the potential to improve the 
construction of knowledge and personalize the learning experience of students. At the 
same time, it is expected that it facilitates some aspects from the teachers' 
responsibilities (i.e. support the development, assessment and student support) 
[5].Web 3.0, called Semantic Web or Web of data, is the new generation of the Web, 
with features and technologies such as collaborative filtering, cloud computing, big 
data repositories, mobility, etc.. If Web 2.0 is a social network where predominates 
the collaboration between creator and user, then Web 3.0 is the intelligent Web 
applications. If we want a more intelligent Web, with tools that enable us to find  
the information we need and when we need it, it is necessary to give more meaning to 
the information found therein. The information must be structured in such a way that 
the devices can read and understand as humans do, without ambiguity. Despite many 
uncertainties, educational institutions have followed this whole evolution of e-
Learning. However, it is necessary to focus on what is really essential for the success 
of e-learning programs. Nowadays it is necessary a total understanding of the critical 
factors that contribute to the success of an e-Learning system. Institutions need to 
identify which factors actually contribute to that success. However, there are no 
studies that identify these critical factors for e-Learning 3.0. Thus proven the gap, it is 
intended with this study propose a framework for the critical success factors in e-
Learning 3.0 adoption. With the integration of e-learning in most educational 
institutions, there are several factors that should be considered when it is decided to 
adopt an e-Learning 3.0 system, so that its application can succeed in institutions 
currently very demanding. 

2 Critical Success Factors 

It is recognized the importance of identifying the critical success factors for the 
organizations when there is an intention in adopt a new system.Being the focus of this 
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research to identify the CSF that affect the decision of the adoption of e-Learning 3.0, 
the study began with a literature review on critical success factors of information 
systems in general and in e-learning systems in particular. These literature review, 
and the study of Web 3.0 and e-Learning 3.0, supported the development of an initial 
framework of critical success factors of e-Learning 3.0.The critical success factors are 
seen as activities and constituents that must be addressed to ensure the success of your 
compliance. They can also be seen as what should be done if an organization wants to 
succeed. The critical success factors should be few in number, measurable and 
controllable [6]. 

2.1 Critical Success Factors for Information Systems 

The critical success factors for the implementation of information systems are 
addressed by several authors. In reviewing the literature we can find researchers that 
 

Table 1. Critical success factors for information systems implementation 

Dimensions Critical Success Factors Authors 
Organisational - Top management support and commitment 

- Culture (collaborative, innovative) 

- Communication (involvement of all in sharing 
information and opportunity for expression) 

- Clear strategic goals 

- Interdepartmental collaboration 

- Motivation 

[8], [9], [10], 
[11], [12], [13], 
[14], [15], [16], 
[66]   

Technology . New technologies 

- Equipment conditions 

- System complexity and lack of interoperability

- Hardware, Software 

[8], [9], [10], 
[13]   

Education and 
training 

- Continuous monitoring 
- Training 
 

[8], [10], [12], 
[13], [14], [15], 
[66]  

Evaluation - Impact of the new system 
- Monitoring and evaluating performance 

[10], [12], [13], 
[15]  

People - Team capacity (high competence and expertise 
of the team) 
- Specialization 
- Project Manager 

[9], [10], [11], 
[13] 

Data accuracy - Reliable data from both internal and external 
sources 
- Maintenance and integrity 
- Confidence in the information provided by the 
system 

[7], [9], [13] 
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discuss about the importance of commitment from the management in order to invest 
time and effort guiding the project, clear link to the strategic goals, management of 
organisational resistance to challenges, appropriate technology, the quality of the staff 
with technical knowledge, reliable data from both internal and external sources [7].Table 
1 summarizes the critical success factors for information systems implementation, 
grouped in six dimensions, according to their similarities. The organisational dimension 
includes factors related to leadership, management support, communication, strategy, 
culture, motivation. Other dimension, technology, focuses on issues related to the 
technological challenges and equipment conditions. Education and training (training of 
users and staff), evaluation, people (enough management and technical skills) and data 
are the others dimensions considered in this study. 

2.2 Critical Success Factors for e-Learning 

The critical success factors for e-Learning emerge from the existing literature. A 
literature review was performed to collect the CSFs identified by several authors. 
 

Table 2. Critical success factors for e-Learning 

Dimensions Critical Success Factors Authors 

Technology 
(infrastructure) 
 

- Broadband (internet speed) 
- Equipment quality 
- Network security 
- System backup 
- Equipment availability 
- Appropriate equipment

[17], [18], 
[19], [20], 
[21], [22], 
[24] 

Environment 
(Learning) 

- Accessibility 
- Interface design 
- Interaction among participats 
- Usability 
- Being according to the objectives

[17], [18], 
[19], [20], 
[21], [22], 
[23], [24], 
[26] 

Professor  - Learning facilitator 
- Technical competence 
- Interaction with the class 
- Clarification of objectives 
- Attitude toward the students

[17], [18], 
[19], [20] , 
[24], [26] 

Student - Motivation 
- Commitment and responsibility 
- Student content interaction 
- Student-student interaction 
- Confidence 
- Knowledge technology

[17], [18], 
[19], [20], 
[23], [24], 
[26] 

Institutional 
support 
 

- Training 
- Help desk 
- Technical support

[17], [19], 
[22], [24], 
[25]   

Leadership - Being an expert [21] 
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These CSFs can be considered critical to the success of an e-Learning system. The 
most prominent are mentioned in the next table. According to the research study, six 
dimensions were considered: technology, learning environment, professor, student, 
institutional support and leadership. Each dimension included several factors. 

2.3 Critical Success Factors for e-Learning 3.0 

2.3.1 Expectations and Challenges 
The notion of e-Learning 3.0 emerged from the increasing popularity of Web 3.0 as 
an educational asset. E-learning has been taking advantage of Web 3.0’s innovations. 
In general terms, Web 3.0 has become an appealing tool for education due to its 
promise of increased personalisation, effective knowledge management and improved 
interactive and collaborative instruments. The use of the Semantic Web is expected to 
maximise the resources that are already in place and to address its main challenges.  

There are three main components in Web 3.0’s definition: Semantic, Mobile and 
Immersive [67]. The semantic aspect relates to the precept of a personalised Internet, 
using each user's profile to customise their experience online. This is supported by 
software that has the ability of "utilizing natural language searches” and of 
"understanding the meaning of data". In terms of mobility, Web 3.0 offers the 
opportunity of using several devices with increasingly advanced features that enable a 
richer internet navigation, regardless of the device that users employ. The notion of an 
immersive internet concerns virtual and augmented reality and 3D settings. Web 3.0 
"encompasses efforts to build a new WWW architecture that enhances content with 
formal semantics, which enables better possibilities for navigating through the 
cyberspace and accessing its contents" [58]. Also, Web 3.0 can be classified as a 
variety "of Internet-based services and technologies that include components such as 
natural language search, forms of artificial intelligence, software agents that make 
recommendations to users and the application of context to content" [67]. Web 3.0 
envisions the internet as a database, it seeks to transform it into an organised data 
source. It uses Web 2.0 tools as enablers. This stage of the web unites both We1.0 and 
Web 2.0, but it takes the concept of the Web forward to include semantics, intelligent 
agents, personalisation, increased mobility and a more focused experience for each 
user [68].The panoply of benefits emerging from the use of Web 3.0 in e-Learning 
have been made clearer by the pioneers of its application, but as with any innovation, 
e-Learning 3.0 needs to be accepted and employed. The majority of the challenges 
deriving from e-Learning 3.0 are common to its predecessors’ versions. Since the 
beginning of the electronic delivery of learning there have been aspects that concern 
the education community and impede a wider acceptance of e-Learning. In order to 
fully comprehend the hazards of e-Learning 3.0 it is paramount to understand that 
some of these challenges are common to all versions of e-Learning and that others are 
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specific to the use of Web 3.0.Innovative technologies have several advantages, but 
while they can be a valuable ally for learning it is overwhelming to accompany the 
speed at which they are developed and evolve. Institutions and professionals are yet in 
the process of trying to harness web based learning and research shows that great part 
of Web 2.0's tools and precepts have not been completely embraced. Hence, when 
artificial intelligence, mobile interfaces or immersive virtual environments start to 
appear as potential educational instruments, some scepticism and confusion is 
expected [67].The fact the e-Learning 3.0 is invested in the development of 
information as a resource that is accessible without time, space and interface 
constraints, poses a challenge in terms of interoperability. To achieve this goal, it 
becomes necessary to enable several types of applications and interfaces to interact to 
facilitate a more proficient setting for users [27].The challenges of using ontologies 
relate, namely, to their creation, to the way they are build. While it is possible to find 
a variety of approaches to create ontologies, none of these approaches is regarded has 
being a standard method [32]. Additionally, ontologies of superior quality require 
substantial monetary means and significant time allocation. Financial resources and 
time are two of the main obstacles for the development of superior quality ontologies 
[53].Despite the many advantages that cloud computing presents it still has some 
challenges namely repercussions in terms of performance due to internet connection 
velocity; a higher cost that the hardware itself, when considering a long term 
subscription of the data centre; and the key effect that service quality and backups 
have when considering the security of the data [47].To move forward into a fully 
functional E-Learning 3.0, the aforementioned challenges must be considered and 
addressed. Online education can benefit greatly from the pioneering precepts of the 
Web 3.0 but for its advantages to be truly enjoyed, it is essential that the educational 
institutions evaluate all these issues.  

2.3.2 The Framework 
In order to identity the CSFs for e-Learning 3.0 systems it was carried out a literature 
review on the topics evolution of the Web and evolution of the e-Learning followed 
by a detailed review of Web 3.0 and e-Learning 3.0. These, combined with the 
information systems and e-Learning CSFs, contributed to design an initial 
framework.Based on all this work it was identified a list of potential CSFs to adopt 
when an institution intend to adopt an e-Learning 3.0 system. During this process 
some CFSs from the informations systems and e-Learning systems were refined 
(added or removed), and new dimensions and factors were added.This framework 
organized the CSFs into five dimensions (table 3). 
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Table 3. Critical success factors for e-Learning 

Dimensions Critical Success Factors Authors 
Technology Smart mobile technology [27]  

Web 3.0 [27], [28]; [29], 
[30]  

Semantic features   [28], [29], [31], 
[32]  

Video games  [33] 
High power graphics  [34] 
3D and immersive web [34] 
Ontology-based tools  [29], [31], [36], 

[39] 
3D visualization and interaction [35] 
Intelligent Search Engines [34] 
Cloud computing [29], [36], [37] 
Independency from centralized institutional web-
sites 

[37] 

Service-oriented infrastructures  [41] 
User-friendly interfaces [30], [38], [40] 
User profiling techniques [42] 
Artificial intelligence  [43], [45] 
Ontology creation [30],[44],[46] 
Ontology maintenance [44], [46]  
Hardware equipment (computers, laptops, mobile 
phones, etc.) 

[47] 

Fast internet connection [47] 
Semantic interoperability  [31] 
Interoperability of web-based educational systems [48] 
Easy to use end-user applications [30] 
Mobile Apps [49] 

Content Widely spread ontology structure  [41], [50]  
Personalised content [51], [52]  
Machine-understandable learning material [47] 
Semantic homogeneity [39], [50]   
Development of domain ontologies [31] [53];  
User generated [54] 
Dynamic  [54] 
Semantic markup [31], [56]  
Metadata [41], [52], [57], 

[58];  
Semantic web ready content [30], [46], [50], 

[59] 
Open data 
 

[60] 
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Table 3. (continued) 

Students Collaborative learning [35] 
Self-organization [37] 
Real-time learning and real-time collaboration [35] 
Personalized learning [43] 
Trust [55] 
Tagging resources [61] 
e-Skills [62] 
Feedback on content  [52] 
Add information to learning systems [46] 

Teachers Basic understanding of Web 3.0 [63] 
Trust [55] 
ICT training [62] 

Educational 
Institutions 

Creation of learning value systems [55] 
Policy-aware infrastructure–
Interoperability/Standards 

[55] 

Training for e-learning Tutors [64] 
Inter-connectedness among institutions [65] 
Development of learning methods based on real 
experience 

[57] 

Data integration platforms [50] 
Infrastructural semantic tools and services [50] 
Large repositories of linked data [50] 
Educational servers [29] 

3 Conclusions and Future Work 

There is no doubt related to the integration e-Learning 1.0 systems and its successor, 
e-Learning 2.0, in the majority of higher education institutions [70]. Therefore, an 
evaluation to the factors that determine the success of this adoption need to be done.  

Several studies were carried out by different researchers on CSFs of information 
systems and e-learning and also frameworks were proposed [69]. However, no 
specific study was done for e-Learning 3.0. 

This paper, in line with what have been done for the IS and e-Learning systems, 
illustrates the CSFs which need to be considered when decide to adopt and e-Learning 
3.0 system. 

The idea of identifying CSFs as a basis for determining the adoption of e-Learning 
3.0 follows the sense that the CSFs represents the main issues without which a project 
stands little chance of success [14].An initial framework for CFS in adoption of e-
Learning systems is proposed in this paper. Despite some obstacles (i.e. financial, 
organizational, people), e-learning seems to be recognized as an important support for 
education. In order to facilitate the decision to adopt an e-learning 3.0 system, a 
framework was proposed to support the decision of adoption.Future research should 
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be conducted to validate this framework by collecting opinions from a group of 
experts, and the resultant framework will be also assessed by a survey.  
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Abstract. The aim of the work presented in this paper was to examine to what 
extent the subjective measuring instrument supports the assessment of all 
relevant facets of the quality in use in the context of Web 2.0 applications. For 
that purpose, two scenario-based studies were conducted. In both studies users 
were observed during their interactions with two Web 2.0 applications that are 
widely used in educational settings. Data analysis has verified the validity of the 
post-use questionnaire at various levels of the conceptual model. Findings of 
empirical studies together with implications for researchers and practitioners are 
presented and discussed. 

Keywords: Web 2.0 Applications, Perceived Quality in Use, Post-use 
Questionnaire, Empirical Findings. 

1 Introduction 

Web 2.0 [19] refers to the novel generation of web applications which enable users to 
actively participate in the development of online resources. The support for different 
kinds of interaction among users has found its application in numerous fields 
including education. Under the influence of social and technological trends, the 
traditional forms of computer-supported learning have evolved into e-learning 2.0 [6]. 
The implementation of Web 2.0 applications into educational ecosystem brings lots of 
advantages for both teachers (in terms of enhanced communication with students and 
facilitated monitoring of their progress) and students (through the development of 
personal learning environments and educational artefacts that are adapted to their 
learning styles) [14]. Drawing on harnessing the power of the crowd and network 
effects, Web 2.0 applications encourage the development of innovative pedagogical 
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approaches that have the potential to improve students’ educational experiences [22]. 
In addition, Bennett et al. [1] stated that content creation and sharing by means of 
Web 2.0 applications results in learning benefits for students. Finally, Den Exter et al. 
[5] emphasized that Web 2.0 applications due to their flexibility and ease of use offer 
various learning opportunities for distance education students. In order to gain 
benefits from the implementation of technology into learning process, special 
attention should be paid to finding and selecting applications with sufficient level of 
educational potential. In that respect, Orehovački et al. [15] developed a taxonomy of 
Web 2.0 applications which consist of following three dimensions: the type of Web 
2.0 application, their function, and cognitive processes that are part of the revised 
Bloom's taxonomy. Although Web 2.0 applications are widely employed in various 
fields of education, sound measuring instrument meant for subjective assessment of 
their quality in use is still not available. The set forth motivated us to initiate a 
research on the development of a post-use questionnaire that would enable the 
evaluation of the perceived quality in use of Web 2.0 applications. The remainder of 
the paper is structured as follows. Next section offers a brief literature review together 
with the description of an enhanced version of the conceptual model. Details on 
employed research methodology are provided in the third section. Findings of two 
experimental studies are presented in the fourth section. Conclusions and future 
research directions are contained in the last section.  

2 Background to the Research 

2.1 Literature Review  

Recent research related to the assessment of Web 2.0 applications was predominantly 
focused on exploring diverse aspects of quality, usability, quality in use, and 
adoption. For instance, Bubaš et al. [2] created a post-use questionnaire meant for 
evaluating navigability, ease of use, understandability, and reliability of Web 2.0 
applications with educational potential. Sassano et al. [21] suggested the extension of 
the software quality model that was introduced in international standard ISO/IEC 
25010 [10] with a characteristic that would enable the assessment of content accuracy, 
suitability, accessibility, and legal compliance. As a result of an in-depth literature 
review on website evaluation, Pang et al. [20] proposed a set of five first-order and 
twenty-five second-order dimensions meant for measuring the quality of Web 2.0 
applications. Orehovački and Žajdela Hrustek [18] designed an online questionnaire 
that enables the assessment of six technical and five pedagogical usability aspects of 
educational artifacts created with Web 2.0 applications. García-Martín and García-
Sánchez [8] found that gender, educational level, and age define patterns of Web 2.0 
applications use. Hartshorne and Ajjan [9] revealed that students’ attitudes and 
subjective norms significantly influence their decisions to adopt Web 2.0 applications. 
Finally, Dwivedi et al. [7] discovered that usefulness and ease of use are strong 
predictors of users' intentions to adopt Web 2.0 applications. Our journey to the 
comprehensive methodology that would enable the evaluation of all relevant aspects 
of the quality in use of Web 2.0 applications started with the initial set of attributes 
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which significantly contribute to the success of Web 2.0 applications [13]. As a 
follow up, a conceptual model and measuring instruments that support the assessment 
of Web 2.0 applications from both subjective and objective perspective were 
developed [11]. The psychometric characteristics of the aforementioned model and 
measuring instruments were validated on the representative sample of Web 2.0 
applications meant for collaborative writing [12], mind mapping [17], and 
diagramming [16]. Since the outcomes of the set forth studies have suggested that the 
model and the post-use questionnaire do not encompass all relevant dimensions of the 
quality in use of Web 2.0 applications, they were both revised.  

2.2 Novel Categorization of Quality in Use Attributes  

The enhanced version of the conceptual model is comprised of six categories which 
are further decomposed into 43 quality in use attributes. System quality refers to 
attributes that measure the extent to which Web 2.0 application: provides various 
navigation mechanisms (navigability); has uniform interface structure, design, and 
terminology (consistency); is similar to previously used applications (familiarity); can 
be customized to meet users' needs (customizability); has implemented mechanisms 
that protect created artefacts from unauthorized use (security); operates properly with 
different types of devices and among different environments (compatibility); can 
exchange files with other applications and use files that were exchanged 
(interoperability); offers accurate and efficient internal search engine (searchability). 
Service quality relates to attributes aimed for evaluating the degree to which Web 2.0 
application: provides various forms of help to users (helpfulness); is available every 
time users need it (availability); facilitates management of created artefacts (artefacts 
management); contains mechanisms that prevent errors to emerge (error prevention); 
is dependable, stable, and bug-free (reliability); can quickly recover from errors and 
operational interruptions (recoverability); notifies users with appropriate and useful 
messages (feedback); supports teamwork and data sharing (collaborativity); enables 
different types of communication among users (communicativity).  

Content quality consists of attributes meant for the assessment of the extent to 
which artefacts created by means of the Web 2.0 application are: error-free, valid, and 
precise (correctness); complete, displayed clearly, and appropriately represented 
(coverage); unbiased, trustworthy, and verifiable (credibility); supplementable, 
modifiable, and updatable (timeliness); advantageous and impact users’ decisions 
(value-added). Performance refers to attributes that measure the extent to which the 
use of Web 2.0 application: enables users to execute tasks accurately and completely 
(effectiveness); enables users to quickly perform tasks (efficiency); responds 
promptly to users’ actions (responsiveness); is capable to operate under an increased 
or expanding workload (scalability); is usable within and beyond initially intended 
contexts of use (context coverage).  

Effort relates to attributes dealing with the evaluation of the degree to which: the 
interaction with Web 2.0 application requires small amount of keyboard and mouse 
usage (minimal action); the use of Web 2.0 application requires small amount of 
mental and perceptive activities (minimal memory load); Web 2.0 application is 
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usable to people with the widest range of characteristics and capabilities 
(accessibility); users have full freedom in executing tasks by means of the Web 2.0 
application (controllability); is simple to operate the Web 2.0 application (ease of 
use); is easy to become proficient in interacting with the Web 2.0 application 
(learnability); is simple to memorize how the Web 2.0 application is used 
(memorability); the interaction with Web 2.0 application is unambiguous 
(understandability). Acceptability refers to attributes meant for measuring the extent 
to which: the Web 2.0 application has visually appealing user interface (aesthetics); 
the Web 2.0 application is beneficial in the context of tasks execution (usefulness); 
the interaction with the Web 2.0 application holds the users’ attention and stimulates 
their imagination (playfulness); users have positive perception about the use of Web 
2.0 application (attitude towards use); the Web 2.0 application has met users’ 
expectations (satisfaction); the Web 2.0 application arouses users’ emotional 
responses (pleasure); the Web 2.0 application is distinctive among applications with 
the same purpose (uniqueness); users have the intention to continue to use the Web 
2.0 application and recommend it to others (loyalty).                         

3 Methodology 

The aim of this paper is to examine the validity of the enhanced version of subjective 
measuring instrument. For that purpose, two studies were carried out. In the first 
study, the participants were observed during their interactions with two Web 2.0 
applications aimed for collaborative writing (Zoho Writer and Microsoft Word Web 
App), and in the second with two Web 2.0 applications meant for mind mapping 
(Mindomo and Wise Mapping). The reason why we have selected these two types of 
Web 2.0 applications as a representative sample in our research relies on the fact that 
there are a number of examples how they can be employed in educational settings (for 
more information see e.g. [3], [15], and [23]). Research subjects in both studies were 
students from three Croatian higher education institutions. Both studies adopted a 
repeated measures design comparing evaluated Web 2.0 applications that have the 
same purpose. Studies were conducted during winter semester of the academic year 
2012/2013. To ensure accuracy of the collected data, students were given detailed oral 
and written instructions related to the implementation of the study in which they were 
involved. Firstly, students had to complete predefined scenario that was composed of 
representative assignments (45 in the case of Web 2.0 applications meant for 
collaborative writing and 43 in the context of Web 2.0 applications aimed for mind 
mapping). After students have completed the scenario with both Web 2.0 
applications, they were asked to fill out the post-use questionnaire and in that way 
evaluate diverse facets of their quality in use. The questionnaire consisted of 244 
statements where each quality in use attribute was assessed with between 3 reflective 
items and 16 formative indicators. The responses were modulated on a five-point 
Likert scale (1 – strongly agree, 5 – strongly disagree). A sum of responses yielded a 
single number that represents a composite measure of the perceived quality in use of 
evaluated Web 2.0 applications at different levels of granularity in the conceptual 
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model. The findings extracted from the conducted empirical studies are presented and 
discussed in more detail in the following section.  

4 Results 

In order to examine differences between evaluated Web 2.0 applications, Wilcoxon 
Signed-Rank Tests were applied. The reason why we have employed this non-
parametric equivalent of the dependent t-test is because results of Shapiro-Wilk Tests 
revealed that at least one of the variables in a pairwise comparison significantly 
deviates from a normal distribution (p < .05). Consequently, all the reported results 
are expressed as the median values.  

4.1 First study  

Participants. A total of 209 respondents were involved in the first study. The sample 
was composed of 62.68% male and 37.32% female participants. Most of them 
(44.98%) were students at Polytechnic of Rijeka, 43.54% were enrolled in Faculty of 
Organization and Informatics in Varaždin while 11.48% of them studied at Faculty  
of Economics in Split. At the time when the study was carried out, the majority of 
participants (45%) were first-year undergraduate students. They ranged in age from 
18 to 30 years (M = 20.18, SD = 1.594). More than half of respondents (62.68%) had 
at least good knowledge of using Web 2.0 applications. All study participants had 
been loyal users of the social networking site Facebook and video podcasting service 
YouTube (73.21% and 67.47%, respectively, used those applications at least between 
once to twice a day). 

Findings. The participants perceived the overall quality in use of Zoho Writer (Mdn = 
587) as significantly higher (Z = -4.934, p = .000, r = -.24) than those of Microsoft 
Word Web App (Mdn = 622). More specifically, it appeared that Microsoft Word 
Web App (Mdn = 159) has significantly lower level of the perceived system quality 
(Z = -2.290, p < .05, r = -.11) than Zoho Writer (Mdn = 152). The analysis of 
collected data also revealed that Zoho Writer (Mdn = 32) has significantly better 
navigation mechanisms (Z = -2.336, p < .05, r = -.11) than Microsoft Word Web App 
(Mdn = 34). On the other hand, results of the analysis indicate that Microsoft Word 
Web App (Mdn = 11) has significantly less consistent structure and design of 
interface elements (Z = -2.210, p < .05, r = -.11) than Zoho Writer (Mdn = 10). 
Pairwise comparisons discovered that users perceived interaction with Microsoft 
Word Web App (Mdn = 10) as significantly more similar to previously used 
applications (Z = -2.834, p < .01, r = -.14) than interaction with Zoho Writer (Mdn = 
11). Wilcoxon signed ranks test implies that Zoho Writer (Mdn = 27) can be 
customized to suit users’ needs to the significantly higher degree (Z = -2.725, p < .01, 
r = -.13) than Microsoft Word Web App (Mdn = 28). Compared to Zoho Writer (Mdn 
= 40), Microsoft Word Web App (Mdn = 39) has significantly better mechanisms 
aimed for protecting created artefacts from unauthorized use (Z = -4.651, p < .001,  
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r = -.23). The evaluated Web 2.0 applications (Mdn = 12) do not differ significantly 
(Z = -.915, p = .360) in terms of their operating in diverse browsers and at different 
devices. However, Wilcoxon signed ranks test indicates that search engine 
implemented in Microsoft Word Web App (Mdn = 13) is significantly less accurate 
and efficient (Z = -3.698, p = .000, r = -.18) than those integrated in Zoho Writer 
(Mdn = 11). Concerning the quality of artefacts being exchanged with other desktop, 
web, or mobile applications, Zoho Writer (Mdn = 8) presents significantly better 
solution (Z = -7.875, p = .000, r = -.39) than Microsoft Word Web App (Mdn = 11).  

The perceived service quality of Zoho Writer (Mdn = 141) is significantly higher 
(Z = -7.110, p = .000, r = -.35) than those of Microsoft Word Web App (Mdn = 153). 
According to the results of data analysis, the quality of help resources provided by 
Microsoft Word Web App (Mdn = 18) is significantly lower (Z = -3.735, p < .001, r = 
-.18) than those offered by Zoho Writer (Mdn = 16). In addition, it appeared that 
Zoho Writer (Mdn = 14) is significantly more readily available to users (Z = -5.629, p 
= .000, r = -.28) than Microsoft Word Web App (Mdn = 16). Microsoft Word Web 
App (Mdn = 40) provides significantly less functionalities that facilitate management 
of created artefacts (Z = -4.907, p = .000, r = -.24) than Zoho Writer (Mdn = 38) 
offers. There was no significant difference between Web 2.0 applications meant for 
collaborative writing (Mdn = 9) in terms of the quality of mechanisms that prevent 
users from committing errors (Z = -.264, p = .792). On contrary, Zoho Writer (Mdn = 
9) has significantly less bugs (Z = -2.518, p < .05, r = -.12) than Microsoft Word Web 
App (Mdn = 10). Furthermore, Microsoft Word Web App (Mdn = 11) is significantly 
less successful in recovering from errors (Z = -3.294, p = .001, r = -.16) than Zoho 
Writer (Mdn = 10). Nevertheless, the quality of displayed messages was not 
significantly affected by the Web 2.0 application (Mdn = 20) that was used while 
performing steps of the scenario (Z = -1.180, p = .238). Finally, Zoho Writer (Mdn = 
18 and 8, respectively) offers significantly better support for teamwork (Z = -5.133, p 
= .000, r = -.25) and communication (Z = -7.586, p = .000, r = -.37) among users than 
Microsoft Word Web App (Mdn = 19 and 9, respectively) does.  

According to the results of data analysis, quality of artefacts created with Zoho 
Writer (Mdn = 50) is significantly higher (Z = -3.025, p < .005, r = -.15) than quality 
of artefacts generated by means of Microsoft Word Web App (Mdn = 50). Artefacts 
created by employing Microsoft Word Web App (Mdn = 13) are significantly less 
accurate (Z = -2.141, p < .05, r = -.10) than artefacts derived from the use of Zoho 
Writer (Mdn = 13). However, there was no significant difference between evaluated 
Web 2.0 applications (Mdn = 8 and 13, respectively) in terms of completeness (Z = -
1.485, p = .137) and credibility (Z = -1.042, p = .298) of generated artefacts. The 
quality of user interface functionalities for altering created artefacts was significantly 
higher (Z = -2.175, p < .05, r = -.11) in the case of Zoho Writer (Mdn = 4) than in the 
context of Microsoft Word Web App (Mdn = 5). Finally, artefacts created by means 
of Microsoft Word Web App (Mdn = 10) are significantly less advantageous (Z = -
2.207, p < .05, r = -.11) than artefacts generated with Zoho Writer (Mdn = 10). 

Results of the analysis indicate that interaction with Microsoft Word Web App 
(Mdn = 54) enhances users’ performance in executing task to significantly lower 
extent (Z = -5.077, p = .000, r = -.25) than the use of Zoho Writer (Mdn = 50) does. 
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Namely, when interacting with Zoho Writer (Mdn = 12), users are significantly more 
effective in executing tasks (Z = -6.584, p = .000, r = -.32) than when they are using 
Microsoft Word Web App (Mdn = 15). On the other hand, results of data analysis 
imply that evaluated Web 2.0 applications for collaborative writing (Mdn = 10) do not 
differ significantly from the perspective of users’ efficiency in completing the 
scenario (Z = -.006, p = .238). Microsoft Word Web App (Mdn = 10) is significantly 
slower in responding to users’ actions (Z = -3.348, p = .001, r = -.16) than Zoho 
Writer (Mdn = 9). In addition, Zoho Writer (Mdn = 9) has significantly higher level of 
scalability (Z = -5.419, p = .000, r = -.27) than Microsoft Word Web App (Mdn = 11). 
Finally, there is no significant difference (Z = -.941, p = .346) between Zoho Writer 
(Mdn = 9) and Microsoft Word Web App (Mdn = 10) regarding the flexibility in the 
scope of their use.  

The analysis of collected data suggests that Zoho Writer (Mdn = 80) and Microsoft 
Word Web App (Mdn = 81) do not differ significantly in terms of the overall 
perceived effort needed for the completion of the scenario steps (Z = -1.480, p = 
.139). Although there was no significant difference between evaluated Web 2.0 
applications (Mdn = 12) in terms of the amount of mental effort required to execute 
steps of the scenario (Z = -1.910, p = .056), users reported that they had to invest 
significantly more physical effort to complete the scenario (Z = -2.044, p < .05, r = -
.10) when they used Microsoft Word Web App (Mdn = 10) than when they applied 
Zoho Writer (Mdn = 10). Results of data analysis also revealed that Zoho Writer 
(Mdn = 17) is significantly more accessible to users with different capabilities and 
characteristics (Z = -2.676, p < .01, r = -.13) than Microsoft Word Web App (Mdn = 
18). Furthermore, it was discovered that users have significantly less freedom (Z = -
2.084, p < .005, r = -.10) in interaction with Microsoft Word Web App (Mdn = 7) 
than when they use Zoho Writer (Mdn = 6). Besides, it is significantly easier to 
memorize (Z = -2.944, p < .005, r = -.14) how to use Microsoft Word Web App (Mdn 
= 6) than to remember where interface functionalities of Zoho Writer (Mdn = 6) are 
located. Nevertheless, there is no significant difference between Zoho Writer (Mdn = 
11, 8, and 8, respectively) and Microsoft Word Web App (Mdn = 10, 8, and 8, 
respectively) in terms of their ease of use (Z = -.927, p = .354), learnability (Z = -
.796, p = .354), and understandability (Z = -1.086, p = .278). According to the results 
of gathered data, Zoho Writer (Mdn = 113) has significantly higher level of perceived 
acceptability (Z = -3.539, p = .000, r = -.17) than Microsoft Word Web App (Mdn = 
117). No significant difference was found between evaluated Web 2.0 applications 
(Mdn = 11) in terms of the user interface attractiveness (Z = -.093, p = .926). 
However, Microsoft Word Web App (Mdn = 14) was perceived by users as less 
beneficial Web 2.0 application for completion of scenario tasks (Z = -4.998, p = .000, 
r = -.24) than Zoho Writer (Mdn = 13). In addition, there was no significant difference 
between Web 2.0 applications aimed for collaborative writing (Mdn = 18) in terms of 
their playfulness (Z = -1.540, p = .124). It was also found that users have a 
significantly more positive attitude (Z = -3.558, p = .000, r = -.17) towards using 
Zoho Writer (Mdn = 11) than towards the interaction with Microsoft Word Web App 
(Mdn = 12). Besides, participants reported that Zoho Writer (Mdn = 12) made 
significantly better impression on them (Z = -4.601, p = .000, r = -.23) than Microsoft 
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Word Web App (Mdn = 14) did. However, the level of pleasure perceived by 
respondents do not differ significantly between evaluated Web 2.0 applications for 
collaborative writing (Mdn = 12, Z = -1.507, p = .132). Results of data analysis also 
uncovered that Microsoft Word Web App (Mdn = 12) is significantly less distinctive 
among web application with the same purpose (Z = -3.067, p < .005, r = -.15) than 
Zoho Writer (Mdn = 12). Finally, significantly more participants (Z = -2.826, p = 
.005, r = -.14) is willing to continue to use Zoho Writer (Mdn = 20) than to employ 
Microsoft Word Web App (Mdn = 22) regularly.  

4.2 Second Study  

Participants. A total of 213 respondents (61.03% male, 38.97% female), aged 20.18 
years (SD = 1.627) on average, took part in the second study. All of them had been 
using Facebook and YouTube on a regular basis (75.58% and 70.42%, respectively, 
had been using those popular Web 2.0 applications at least between once and twice a 
day). More than half of students (62.91%) reported that they have at least good 
knowledge of using Web 2.0 applications. At the time the study took place, the 
majority of participants (44.60%) were first-year undergraduate students. Most of 
them (45.07%) studied at Polytechnic of Rijeka, 42.72% were enrolled in Faculty of 
Organization and Informatics in Varaždin while 12.21% of them were students at 
Faculty of Economics in Split.  

Findings. According to the results of data analysis, Mindomo (Mdn = 552) has 
significantly higher (Z = -11.812, p = .000, r = -.57) level of the perceived quality in 
use than Wise Mapping (Mdn = 635). More specifically, it appeared that the system 
quality of Wise Mapping (Mdn = 170) was perceived as significantly lower (Z = -
9.948, p = .000, r = -.48) than those of Mindomo (Mdn = 155). It was also found that 
navigational mechanisms offered by Mindomo (Mdn = 32) are significantly better 
organized and deployed (Z = -7.309, p = .000, r = -.35) than those provided by Wise 
Mapping (Mdn = 34). Moreover, participants reported that Wise Mapping (Mdn = 11) 
employs significantly less uniform interface functionalities, design, and terminology 
(Z = -6.036, p = .000, r = -.29) than Mindomo (Mdn = 10) does. In addition, data 
analysis uncovered that Mindomo (Mdn = 11) is significantly more similar to web 
applications respondents normally use (Z = -4.031, p = .000, r = -.20) than Wise 
Mapping (Mdn = 12). Besides, Wise Mapping (Mdn = 30) is significantly less 
customizable (Z = -10.158, p = .000, r = -.49) than Mindomo (Mdn = 26). However, 
Web 2.0 applications meant for mind mapping (Mdn = 42) do not differ significantly 
in terms of the quality of mechanisms that protect security of created artefacts (Z = -
.699, p = .485). Results of data analysis indicate that Mindomo (Mdn = 13) is 
significantly more compatible with diverse web browsers and devices that can be 
connected to the Internet (Z = -4.920, p = .000, r = -.24) than Wise Mapping (Mdn = 
13). In the context of the support for the exchange of created artefacts and quality of 
artefacts that have been exchanged, Mindomo (Mdn = 8) presents significantly better 
solution (Z = -5.111, p = .000, r = -.25) than Wise Mapping (Mdn = 10). Search 
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results provided by internal search engine implemented in Wise Mapping (Mdn = 15) 
are significantly less accurate and relevant (Z = -7.751, p = .000, r = -.38) than those 
of internal search engine integrated in Mindomo (Mdn = 11).  

Results of data analysis suggest that Mindomo (Mdn = 137) has significantly 
higher degree of perceived service quality (Z = -11.554, p = .000, r = -.56) than Wise 
Mapping (Mdn = 160). Namely, help resources that are implemented in Wise 
Mapping (Mdn = 21) are of significantly lower quality (Z = -9.135, p = .000, r = -.44) 
than those integrated in Mindomo (Mdn = 16). In addition, Mindomo (Mdn = 14) has 
significantly higher level of perceived availability (Z = -6.994, p = .000, r = -.34) than 
Wise Mapping (Mdn = 16). On the other hand, Wise Mapping (Mdn = 41) contains 
significantly less functionalities meant for artefacts management (Z = -8.692, p = 
.000, r = -.42) than Mindomo (Mdn = 36). The quality of functionalities that disable 
users from committing errors is significantly higher (Z = -4.856, p = .000, r = -.24) in 
the case of Mindomo (Mdn = 8) than in the context of Wise Mapping (Mdn = 9). 
Drawing on the results of data analysis, Wise Mapping (Mdn = 9) is significantly less 
dependable and stable mind mapping Web 2.0 application (Z = -3.779, p = .000, r = -
.18) than Mindomo (Mdn = 8). It was also discovered that Mindomo (Mdn = 8) is 
significantly more efficient and effective in recovering from errors and operational 
interruptions (Z = -5.320, p = .000, r = -.26) than Wise Mapping (Mdn = 9). Besides, 
messages displayed by Wise Mapping (Mdn = 22) are significantly less useful and 
precise (Z = -5.791, p = .000, r = -.28) than messages shown by Mindomo (Mdn = 
20). Finally, analysis of collected data revealed that Mindomo (Mdn = 17 and 8, 
respectively) provides better support for collaboration (Z = -8.413, p = .000, r = -.41) 
and communication (Z = -9.876, p = .000, r = -.48) among users than Wise Mapping 
(Mdn = 19 and 12, respectively) does. The quality of mind maps created by means of 
Mindomo (Mdn = 48) is significantly better (Z = -7.628, p = .000, r = -.22) than 
quality of mind maps generated with Wise Mapping (Mdn = 51). Artefacts derived 
from the use of Wise Mapping (Mdn = 13, 8, 13, 4, and 10, respectively) are 
significantly less correct (Z = -4.591, p = .000, r = -.22), complete (Z = -6.413, p = 
.000, r = -.31), trustworthy (Z = -5.106, p = .000, r = -.25), modifiable (Z = -3.426, p 
= .001, r = -.17), and beneficial (Z = -5.311, p = .000, r = -.26) than those generated 
by means of Mindomo (Mdn = 12, 8, 12, 4, and 10, respectively).  

Results of data analysis indicate that users’ performance in completing tasks is 
significantly lower (Z = -6.699, p = .000, r = -.32) when they use Wise Mapping 
(Mdn = 52) than when they employ Mindomo (Mdn = 48) for the same purpose. It 
was also found that interaction with Mindomo (Mdn = 10) enhances users’ 
effectiveness in generating mind maps to significantly greater extent (Z = -7.167, p = 
.000, r = -.37) than the use of Wise Mapping (Mdn = 12) does. When interacting with 
Mindomo (Mdn = 9), users can complete tasks significantly much quicker (Z = -
5.052, p = .000, r = -.24) than when they apply Wise Mapping (Mdn = 10). The 
perceived responsiveness of Wise Mapping (Mdn = 9) to users’ actions is 
significantly lower (Z = -2.822, p = .005, r = -.14) than those of Mindomo (Mdn = 8).  
Nevertheless, Web 2.0 applications (Mdn = 11) aimed for mind mapping do not differ 
significantly in terms of their capability to retain performance under an increased 
workload (Z = -1.332, p = .183). Finally, the analysis of collected data revealed that 
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Mindomo (Mdn = 10) has significantly wider range of uses (Z = -5.529, p = .000, r = -
.27) than Wise Mapping (Mdn = 10). Perceived overall effort needed for executing 
tasks is significantly higher (Z = -11.509, p = .000, r = -.56) in the case of Wise 
Mapping (Mdn = 83) than in the context of Mindomo (Mdn = 72). There was no 
significant difference between evaluated mind mapping Web 2.0 applications (Mdn = 
10 and 12, respectively) in terms of perceived amount of physical (Z = -1.922, p = 
.055) and mental (Z = -.234, p = .815) effort needed to complete the scenario steps. 
On the other hand, it was found that Mindomo (Mdn = 15) is significantly more 
usable to users with diverse capabilities and characteristics (Z = -9.858, p = .000, r = -
.48) than Wise Mapping (Mdn = 18). Furthermore, users stated that the way of 
carrying out tasks by means of Wise Mapping (Mdn = 7) is significantly less flexible 
(Z = -6.138, p = .000, r = -.30) than using Mindomo (Mdn = 6) for the same purpose. 
Results of data analysis also indicate that is significantly easier for users to operate (Z 
= -11.915, p = .000, r = -.58) Mindomo (Mdn = 8) than to execute tasks by means of 
Wise Mapping (Mdn = 11). Users reported that is significantly harder (Z = -4.453, p = 
.000, r = -.22) to become proficient in using Wise Mapping (Mdn = 8) than to learn 
how to use Mindomo (Mdn = 8). Besides, the analysis of collected data uncovered 
that is significantly easier (Z = -4.443, p = .000, r = -.22) to memorize how Mindomo 
(Mdn = 6) is used than to remember how to interact with Wise Mapping (Mdn = 6). 
Finally, interface functionalities provided by Wise Mapping (Mdn = 8) are 
significantly less comprehensible (Z = -5.504, p = .000, r = -.27) than those offered by 
Mindomo (Mdn = 8). Considering results of data analysis, Mindomo (Mdn = 96) is 
significantly better accepted by users (Z = -10.710, p = .000, r = -.52) than Wise 
Mapping (Mdn = 120). More specifically, interface design of Mindomo (Mdn = 9) is 
significantly more pleasant to the eye (Z = -10.537, p = .000, r = -.51) than those of 
Wise Mapping (Mdn = 15). Moreover, users believe that Wise Mapping (Mdn = 13) 
is significantly less advantageous in the context of creating mind maps (Z = -7.171, p 
= .000, r = -.35) than Mindomo (Mdn = 10). Respondents reported that using 
Mindomo (Mdn = 16) can successfully hold their attention for significantly longer 
period of time (Z = -7.380, p = .000, r = -.36) than interaction with Wise Mapping 
(Mdn = 18). Results of the analysis also imply that users have significantly less 
positive attitude (Z = -8.484, p = .000, r = -.41) towards using Wise Mapping (Mdn = 
13) than towards interaction with Mindomo (Mdn = 11). Besides, Wise Mapping 
(Mdn = 14) has met users’ expectations to significantly lower degree (Z = -8.387, p = 
.000, r = -.41) than Mindomo (Mdn = 10) has. Furthermore, users reported that they 
had significantly less fun (Z = -7.605, p = .000, r = -.37) when they have been 
creating mind maps with Wise Mapping (Mdn = 12) than when they have been using 
Mindomo (Mdn = 10) for the same purpose. Mindomo (Mdn = 9) is also significantly 
more unique among applications meant for mind mapping (Z = -8.980, p = .000, r = -
.44) than Wise Mapping (Mdn = 12). Finally, significantly more respondents are 
willing to use Mindomo (Mdn = 17) frequently (Z = -8.040, p = .000, r = -.39) than to 
employ Wise Mapping (Mdn = 23) on regular basis.  
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5 Concluding Remarks 

With an objective to examine the validity of the post-use questionnaire aimed for 
evaluating the quality in use of Web 2.0 applications, two empirical studies were 
carried out. The analysis of collected data uncovered statistically significant 
differences between evaluated Web 2.0 applications in both conducted studies. More 
specifically, composite measures which represent a sum of responses at different 
levels of granularity in the conceptual model have shown small (.10), medium (.30), 
and large (.50) effects in size (as proposed in [3]) which indicate that post-use 
questionnaire has a high level of validity and can be therefore employed for the 
assessment of all relevant aspects of the perceived quality in use of Web 2.0 
applications. In that respect, the work presented in this paper provides implications 
for both researchers and practitioners. Given that proposed enhancement of the 
conceptual model adds to the current body of knowledge, researcher can use it as a 
framework for future advances in the context of evaluating the quality in use of Web 
2.0 applications. On the other hand, practitioners can apply the post-use questionnaire 
to measure and improve the quality in use of Web 2.0 applications. Taking into 
account that reported findings are a constituent part of an ongoing research, our future 
work will be focused on the assessment of psychometric characteristics of the 
conceptual model that will reflect interplay among specified quality in use attributes.         
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Abstract. The paper proposes describing connectivist MOOCs as a
learning ecosystem. We highlight two aspects of distributed cognition
epistemic and collective – that MOOCs promote and relate these with
learning by chance-seeking and learning from ecological enculturation.
Finally we outline some design aspects for supporting chance-seeking
and learning from an encultured environment in connectivist MOOC
ecosystems.

1 Introduction

Connectivist MOOCs may be viewed as self-organised ecosystems of learners
and digital contents and services, which have good potential for supporting dis-
tributed cognition. In this theoretical paper we explain how some of the learning
behaviours related with distributed cognition – learning as chance-seeking and
ecological enculturation – may be promoted by building on the ecological prin-
ciples that guide MOOC ecosystems. We outline some design aspects of MOOC
ecosystems for supporting chance-seeking and learning from an encultured envi-
ronment.

2 MOOC Ecosystems as Distributed Cognitive Systems

2.1 Characteristics of MOOCs as Learning Ecosystems

We define a MOOC as a unit of learning with specified institutional affilia-
tion, schedule, content and learning tasks which engages self-directed and self-
organised learners and leading practitioners in the field by fostering open
enrollment, open curriculum, open and partially learner-defined learning goals
and outcomes, the usage of open resources and open learning environment, and
the enabled open monitoring of learning activities (see [1][2]) with the aim of
facilitating learning as a process of navigating, growing and pruning connections
and interactions within distributed networks, and generating coherence, reso-
nance and synchronisation in knowledge [3]. There is a diversity among MOOC
designs – some focus on supporting the development of learners’ domain-related
knowledge and self-directed learning competences [4,5], whereas others, inspired
by Connectivism [6], target rather the emergence of the distributed connective
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knowledge networks among learners which should sustain after the end of the
course [1,7,2,8]. We see our contribution in proposing the distributed cognitive
learning behaviours that are particularly promoted by connectivist MOOCs be-
cause of their ecosystem-like functioning.

The MOOC is a learning ecosystem in which we may consider three types
of “organisms”: 1) produsers, 2) digital “organisms” (such as digital learning
contents created by various MOOC users, digital learning tools and services
activated as part of PLEs and the big MOOC ecosystem), and c) the digital
learning services of MOOCs. In accordance with the ‘produsage’ concept intro-
duced by Bruns [9] we may assume that all users (learners, experts, facilitators)
provide the MOOC with some services that enhance learning. ‘Produsage con-
cept combines learners production and consumption as inseparable from each
other in the surrounding environment. The learning services may be considered
as the digital organisms that exist as the symbiosis of digital components and
produsers. Since different produsers target learning differently, they populate
the MOOC with particular kind of learning services for their own and their
communitys benefit.

Knowledge in MOOCs is operated by as well as is incorporated into the dif-
ferent learning services that the produsers activate. Knowledge can flow and be-
come aggregated as a distributed structure in the learning ecosystem, creating
new opportunities for ‘produsers’ who can remix it repurpose it, feed it forward,
or create new knowledge [6,10] and new learning services of it. An example of
such learning services is scaffolding services that are created by other learners
and facilitators, or that emerge as a result of the accumulation of MOOC partic-
ipants learning and support activities [11]. For example, the socially annotated
and aggregated contents may provide learning support [12]. MOOC learners’
motivation appears as a formation of intention and attention of the resources
available in the MOOC in an ongoing coupling between learner’s goals and the
affordances they perceive from the environment [13,14]. Considering and us-
ing learning services that are currently available in the MOOC ecosystem causes
some ecosystem services to compete with each other and others to form alliances,
some services increase in numbers while others perish. User attention fuels the
knowledge flows through the services, which defines the productivity of learning
ecosystems. Abundance and variety of mutually communicating learning services
in MOOC ecosystems provided by all MOOC participants facilitates their mu-
tual awareness and participatory surveillance [15,5] which in turn contributes to
social embeddedness as a motivating factor of learning [16,17].

2.2 Distributed Cognition in MOOCs

MOOCs have a similarity to natural ecosystems also at a distributed cognition
level – while in a natural ecosystem the flow and transformation of energy and
matter are operated by the trophic network of species, the MOOCs as distributed
cognitive networks facilitate knowledge transformations. In a distributed cogni-
tion approach Hollan, Hutchins, and Kirsh [18] explain interactions and the
coordination of activities between people and technologies assuming that people
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form a tightly coupled system with their environments, and the latter serves
as one’s partner or cognitive ally in the struggle to control the activity. Social
organisation is therefore seen as a form of cognitive architecture that determines
the way information flows in the context of activity [18].

There are two main ways in which, distributed cognition may be fruitfully
framed in MOOCs – epistemic distributed cognition that we relate with chance-
seeking, and collective distributed cognition that we relate with learning from
ecological enculturation. It is important to note that chance-seeking and learning
from ecological enculturation complement each other in the MOOC ecosystem.

Epistemic Distributed Cognition. The word ”distributed” refers to the fact
that humans drastically lean on external resources in solving problems and mak-
ing decisions. MOOC takes place in a digital (but also a hybrid) distributed learn-
ing environment, which is co-constructed by users with different backgrounds,
but shared interests. From the user’s point of view the emerging infrastructure
can be a temporally extended personal learning environment (PLE), which al-
lows the sharing of learning resources (people, artifacts, practices) and goals
openly among the MOOCs learning networks. This distributed cognitive sys-
tem serves as a partially external and uncontrollable locus of control [18] both
from the point of view of learners as well as facilitators, and course organisers.
In this case, distributed cognition refers to the assumption that one’s perfor-
mance cannot only be confined to what happens within his or her own skull.
Conversely, humans continuously offload some of their cognitive functions onto
external objects and artifacts, which can just be found out-there or designed for
accomplishing specific goals and tasks. In this respect, human cognition func-
tions in an opportunistic way, that is, by seeking out chances to make the most of
body and (social) environment [19] and integrating them into unified systems of
distributed problem-solving [20]. Distributed cognition considers the interactions
of people and the resources in the environment as an emergent distributed cogni-
tive system [18] where internal resources memory, attention, executive function
and external resources the objects, artifacts, and at-hand materials and software
are temporally integrated into goal-based affordance networks [21] that support
actions. This kind of distribution is eminently epistemic, because it deals with
the very activity of knowing and understanding the world one lives in. Giere [22]
refers to this kind of distribution as “locally distributed” cognition. We prefer
to call it epistemic distributed cognition (hereafter EDC), because we want to
stress the epistemic dimension involved. Characteristic to EDC is that it can
only be attributed to individual agents (produsers) who are the only ones that
are endowed with attributes such as intentions, beliefs, consciousness, and so on.
EDC is based on a tacit dimension of knowledge that is different for everyone
and influences different chances to be found, creating diversity and variability of
using external resources as part of the distributed cognitive system.

Collective Distributed Cognition. The second type of distributed cogni-
tion may be called collective distributed cognition (hereafter CDC). In this con-
cept the word “distributed” may be applied to cognition where the output of a
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certain cognitive process cannot be attributed or tracked back to the effort of a
single agent, but it is the product of collective effort. For example, a connectivist
knowledge creation is the result of a number of MOOC produsers plus various
digital artifacts and tools. CDC targets ecological enculturation. Traditionally,
enculturation refers to the process by which a person becomes acquainted with a
given culture (or community of practice) [23], which may be related with EDC.
In our approach, enculturation refers to the fact that part of the environment
can be encultured, that is, modified so that it becomes potentially meaningful
for certain purposes rather than others. Bardone [19] suggests that human be-
ings act as an integral part of their environment while at the same time actively
modifying and constructing this environment. Enculturation brings the traces
of previous activities available in some form for future use. We can distinguish
between emergent and purposeful enculturation. While emergent enculturation
occurs as a product of self-organised system behaviour from the interactions
between various types of produsers such as in connectivist MOOCs, the pur-
poseful enculturation can be related to pre-designed learning environments and
instructional designs.

3 Learning Behaviours Related to Distributed Cognition

3.1 Learning as a Chance-Seeker

Many participants of MOOCs do not come to the course with certain objectives
in mind, but rather discover them while learning at the MOOC [2]. Learning lies
outside the realm of regular expectations and involves a forward-looking attitude.
We tend to treat learning as a linear process that can somehow be “directed” and
would imply to assume something we do not know yet. This gives the illusion
that we can actually control and therefore direct the whole process, when in
fact our understanding is based on a mere selection of those past events that
help to create a coherent and therefore compelling story. We can easily come up
with a causal explanation about how and why learning has occurred. However,
that can only happen retrospectively – by looking backward at the process after
it came to an end, as many MOOC participants have reported [2]. Incoherence
and messiness cannot fit into the linear learning model. We are unable to predict
learning events because there is nothing in the past that may reasonably hint
at their happening. As Shackle [24] brilliantly noted that all we know about the
future is nothing but an inference drawn from the past. We can rely on the past,
if we can reasonably assume that the future will resemble the past, but that
is never the case. Past events can never be a solid bases for predicting what is
going to happen next.

We tend to think that the distribution of cognition in MOOCs, and the subse-
quent extension of ‘produsers ability to solve problems, can only be with regards
to the interaction with specific objects, tools and services available at learning
environment allowing them for extending their specific abilities. However, little
attention has been given precisely to situations in which it is the unanticipated-
ness of MOOC ecosystem that provides a fundamental aid. We posit that MOOC
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participants dynamically evolve the ecosystem producing its unanticipatedness.
The idea of environmental unanticipatedness posits that the environment plays
an active role in a given course of action, since unanticipated and unexpected
events potentially open up the way to new knowledge or information we would
not be able to acquire otherwise. Chinese general Sun Tzu in The Art of War
pointed out that “if we do not know what we need to know, then everything looks
like important information”. This means that under conditions of ignorance and
inexperience, we can only turn to our environment as a provider of unanticipated
and potentially helpful events. We lean on something external to us, something
that we basically lack for we must entrust ourselves to something we do not fully
or partly control. There is however a crucial difference between environmental
unanticipatedness and virtually all other forms of cognitive distribution: we make
use of our ignorance and turn to environmental unanticipatedness, when we just
do not know; while when we are have a precise intent in mind, we can turn to
certain patterns detectable in the ecosystem (which we will explain further on).

Learning implies chance-seeking that we introduce here as one of the fruitful
distributed cognitive behaviours in MOOCs. Chance-seeking is about how peo-
ple may come to utilise chance to their advantage and tentatively amplify the
unanticipated, yet positive potential, until they create a useful pattern, a poten-
tially replicable solution to the problem for themselves. In this case the learner
can identify that he has learned something. In our definition, a chance is any
unanticipated event that falls outside of one’s control. Such an event conveys
an opportunity for action that appears to have some strategic value in pursuing
one’s learning goal. This definition contains three elements that need clarifica-
tion. Unanticipatedness is related to our inability to guess and predict what is
going to happen on the basis of what we know, so as to be prepared beforehand
to face the possible consequences. Not all unanticipated events in MOOCs that
lead to learning are necessarily chances, but only those, which convey an op-
portunity for learning. Chance must somehow appear meaningful to the person.
One has to identify in a chance event purposiveness and positive significance
with respect to personal learning goals. Chance may be of no immediate rele-
vancy for one’s goal, but it may be conceived as strategically useful, because
it projects the problem-solving process towards further chances. So, the iden-
tification of a chance implies a sense of purposiveness, it is a form of knowing
as one goes rather than knowing before one goes [25]. What a MOOC partici-
pant actually identifies as a chance is a subjective matter, and its identification
depends on several different factors specific to the individual, including his or
her knowledge, attitude, personality, and other more contingent and transitory
factors like moods or feelings. It is also important to note that a chance is not
necessarily a new or surprising happening, because what counts is the way a
person makes sense of it in relation to his or her learning goals.

We cannot anticipate that certain happenings in our ecosystem may turn
out to be a resource when we are facing an adapting challenge like in the case
of learning. We cannot entirely rely on what happened in the past, but we
must inevitably look forward, projecting ourselves onto the future, which is by
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definition unknown. If we cannot anticipate what is going to happen, we may
try to amplify the positive potential of those chance encounters that happen to
appear somehow meaningful to us. This process, which is at the heart of chance-
seeking, can be characterised as a “deviation-amplifying mutual causal process”.
This concept was introduced by Magoroh Maruyama [26] to refer to the fact
that the outcome of a process is initiated by an insignificant or accidental “kick”
and is then built upon its subsequent amplifications and so diverging from the
initial condition. The environmental feedback is so that deviations (in the form
of unanticipated/unexpected events) are not counteracting the learner’s work as
in the case of following a predefined and planned course of action. Conversely,
deviations become a source of mutual positive feedback, which expose the learner
to subsequent and potentially positive unanticipated events.

Once a chance is recognised, an action is taken to amplify the potentials of
positive significance. This is indeed entirely conjectural and tentative. The action
taken on the basis of inevitably marginal, unassorted and apparently irrelevant
resources may uncover new possibilities in terms of subsequent chances or novel
observations. This process involves iterative circularity. Which means that the
amplification of the positive potentials of chance encounters is reiterated until
a satisfying solution is reached, if it is reached. By that the learner forms a
personally defined distributed space - a cognitive niche. We see chance amplifi-
cation as the main way of cognitive niche formation. The chance amplification
enables to optimize the results of chance-seeking by testing the fitness of each
chance encounter in the ecosystem. As an example of chance amplification we
can consider a help-seeking service created by the produser in MOOC: he sends
to different spaces (Twitter, blog, forum) the same request, modifies the request
content etc. until discovering the viable solution how the requests get answered
in this ecosystem.

The whole process of chance amplification can be described in terms of tinker-
ing (or bricolage). Planning learning mostly relies on knowledge that necessarily
must be held in stock before one starts, one may reasonably design for and aim
at optimised solutions. What the chance-seeker does is to tinker with chance
encounters. In the case of tinkering, it is not possible to identify beforehand that
the body of knowledge will turn out to be relevant: one must act flexibly, and
be ready to adjust his or her strategy according to contextual elements as they
arise. Tinkering with chance events implies that “we only know what we know
when we need to know it”, as Snowden [27, p. 110] put it. The process of tinker-
ing with chance encounters is driven by the absence of a plan. The chance-seeker
as a tinkerer in MOOC does not subordinate a course of action for making a
list of resources one should necessarily have. Tinkering is immediate and con-
tingent upon past events, but with no view to the future [28]. In this respect,
creativity emerges by recombining pre-existing resources resonating with chance
encounters, as we have noted above. Siemens and Downes [10] have high-lighted
repurposing – creating something of their own – as activity learners do at Con-
nectivist MOOCs. They describe at MOOCs the connectivist learning practices
of remixing and reflecting on the resources and relating them to what people
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already know. In our paper we extend repurposing concept also to the learning
services that the learners create as producers. We assume that it is important
to emphasise that such repurposing has to involve the element of chance, rather
than being purposeful action that leads to linear learning. It is worth noting here
that those pre-existing resources used in tinkering and repurposing are never the
result of a linear process. Conversely, they are bound to contingent happenings.
In the case of tinkering with chance events, solutions are never optimised so-
lutions, but always workable and provisional ones, which may serve more as a
springboard to subsequent ones than as end-points and definitive results.

3.2 Learning as an Ecological Enculturation

By chance-seeking, the learner can detect one’s learning as a personally useful
pattern – the solution to his problem. He explores the fitness of this pattern
in this eco-system through the process of chance amplification. The result of
many chance-seekers self-organised cognitive activities however contributes to
ecological enculturation. It is increasing the anticipatedness of the environment
by pattern formation. In this chapter we want to discuss patterns from the
distributed cognition angle – how they are formed and perceived as part of the
encultured environment, and how patterns may influence learning. We want to
highlight ecological enculturation and pattern appropriation as second type of
distributed cognitive behaviours that are common to MOOC learners.

When we interact with cues in the environment or see the others interacting
with it we can recognise the patterns. By definition, a pattern is any regularity
that organises what we see in a consistent, regular manner. Alexander and as-
sociates [29] define design patterns as the visible/explicit part of a solution to a
problem in a field of interest. They assume that patterns tend to focus on the
interactions between the physical form of the built environment, and the way in
which that inhibits or facilitates various sorts of personal and social behaviour
within it [29]. Culture propagates itself with patterns and pattern systems. The
patterns are loosely connected across scales: any given pattern typically points
to smaller scale patterns which can support it, and larger scale patterns in which
it may participate [29].

Several MOOCs designs have incorporated learning analytic elements as part
of the course design. It was done with the intention to learn about learning ana-
lytics but also with the aim of using learning analytics for making MOOCs more
effective, creating the environmental feedback channel for visualizing patterns
to the learners. Such learning patterns are apt to guide learners in dynamically
making informed decisions and adaptively changing their learning behaviours.

From the CDC point of view, patterns are easily recognisable generalisa-
tions of solutions for a problem, that emerge as the contingent result of all
the occasions there have been to renew or enrich, or to maintain the stock
of this problems solutions, using the remains of previous constructions or de-
structions from individuals. Culturally, each pattern exists as an emergent niche
in the ecosystem in which the environment becomes anticipated and ecologi-
cally encultured due to many learners activities. Patterns can appear like visible
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macro-structures of processes or structures: i) event sequences in distributed sys-
tems (e.g. learning paths), ii) semantic knowledge structures (e.g. tag clouds),
or as iii) functional (e.g. design solutions as collective phenomena) or iv) be-
havioural (social network visualisations of interaction) compositions. In MOOCs,
mainly the structural patterns of resources and behavioural patterns of users
have been visualised with learning analytics tools that have been incorporated
to the courses, while recognising processual patterns (e.g. transformative knowl-
edge flows in the ecosystem operated by and incorporated into learning services
by producers), and functional patterns (e.g. design structures of the ecosystem
services, their abundance and interrelations) is not well supported with visual-
isations. Neither were such patterns dynamically fed back to the learners. One
might anticipate that interacting with the environment having a specific learn-
ing goal, the appropriation of patterns would decrease the need to seek chances,
since the ecologically encultured environment can lead you with patterns that
might do the job effectively. The trivial understanding of pattern usage is, that
taking a pattern it can be used as a template for repeating the pattern. However
that view of pattern-replication is misleading, since there are no defined patterns
one can “take” but patterns exist in an abstract way as effective niches in the
encultured environment, which are evolving constantly. These niches emerge as
abstract spaces and the range for the pattern niches is created as the fitness of
many similar individual patterns is tested in the cultures ecosystem. Alexander
et al. [29] calls such niches the pattern prototypes. The embodiment of pattern
prototypes has person-dependent and culture-dependent components and vari-
ability, therefore at every juncture patterns are perceived and accommodated as
part of the chance-seeking process. They are the raw material for bricolage and
tinkering. Since learning is a prospective form of cognition that is projected onto
and into the future, it is only known by the learner that a collectively formed pat-
tern facilitates something and encapsules the potential of eculturation as some
kind of “niche” of this culture that has sorted out some solutions. But he does
not know whether any collectively defined pattern helps him in his learning.
So we may claim that there can be no learners who are pattern-replicators –
using patterns is always related with deviations within the pattern niche. And
this pattern niche may be extended or shifted radically by chance-seeking, when
totally new solutions are tinkered with as part of learning.

Patterns can be found because they are cognitively afforded partially internal
and partially culture defined multi-dimensional spaces [30]. The discoverability of
patterns of the culture is related with the cultural belonging as well as the EDC
of individuals. The patterns exist as pattern systems, the overlapping niches
in the ecosystem from which the chance-seeker may discover and tinker with.
An option for finding dimensions incorporated into cultural patterns is aligning
one’s attention in MOOCs with crowded places, looking for the traces left by
others, or mimicking and uptaking others’ behaviours in the environment. This
is mostly what is happening in current MOOCs that do not comprise sufficient
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pattern visualizing methods to accumulate learner’s behaviours and feedback to
them. Another limitation of supporting learning from encultured environment is
that the art of creating emergent visualisations that support learners in MOOCs
is still not sufficiently advanced. Not much is known about how learners use such
visualisations to orient or reorient their learning activities.

4 Designing MOOC Ecosystems to Support Distributed
Cognition

In the design approach we suggest considering MOOCs as ecosystems where pro-
ducers use and also create learning services. Learning services are incorporated
into distributed cognitive systems of learners as well as operate the transforma-
tive learning flows in their personal and shared distributed cognitive system. The
abundance, diversity and variability of the learning services, their interconnec-
tions, aggregation and interaction in the MOOC learning ecosystem become the
important design considerations that enable distributed cognition for MOOC
participants. We posit that dynamically maintaining the emerging learning ser-
vices in MOOCs as well as promoting distributed cognitive learning behaviors
– chance seeking and pattern appropriation – may be done effectively using
principles that govern natural ecosystems. Evolving MOOCs as productive dis-
tributed cognitive systems presumes promoting the productive loops of pattern
appropriation, chance-seeking and ecological enculturation (see Figure 1).

Fig. 1. The distributed cognition – pattern-finding, chance-seeking and ecological en-
culturation loops



Promoting Distributed Cognition at MOOC Ecosystems 213

We can relate the two types of distributed cognition to cognitive and cultural
niche formation. The epistemic distributed cognition comprises two loops of cog-
nitive niche formation – the creative loop of chance-seeking uses the ecosystem
unanticipatedness for chance-seeking, tinkering with chances and chance ampli-
fication and results with personal patterns as cognitive niches; the accommodat-
ing loop of pattern appropriation builds on cultural anticipatedness and results
with validating and amplifying some cultural patterns. The collective distributed
cognition and the formation of cultural niches as optimal collectively selected so-
lution paths is fed by the personal patterns. Personal patterns as cognitive niches
are incorporated to the cultural patterns and cultural niches of these patterns.
The chance-seekers create cognitive niches that may extend or shift the cultural
pattern niches evolving the ecosystem, whereas pattern appropriation activity
validates cultural pattern niches and stabilizes the ecosystem.

The design approach employed in MOOC ecosystems to promote epistemic
and collective distributed cognition is twofold. On the one hand the connectivist
MOOCs should be built so that they facilitate the self-organisation of learning
ecosystems, which promotes environmental unanticipatedness for chance-seekers.
On the other hand, for promoting pattern appropriation and increasing ecological
enculturation different means of learning-analytics should be used that make
patterns in the shared cultural niche visible for learners.

5 Conclusions

In this paper we discuss what makes MOOCs ideal environment for being incor-
porated into distributed cognitive processes of learning. Our main contribution
is to introduce learning behaviours in MOOC ecosystems from the distributed
cognition point of view. We propose chance-seeking, pattern appropriation and
ecological enculturation concepts to generalise some learning phenomena that
MOOC learning design should target.

We assume that learning involves a forward-looking attitude. The learner as
a chance-seeker engages the environment in a series of trial and error and, in so
doing, benefits from the feedback and modifies the environment. Chance-seeking
does not happen in a vacuum but is environmentally and culturally mediated.
Chance-seeking is based on environmental unanticipatedness – the idea that the
environment plays an active role in a given course of action, since unanticipated
and unexpected events potentially open up the way to new knowledge or infor-
mation we would not be able to acquire otherwise. Chance-seeking is defined as
tinkering with events that fall out of one’s control and the amplification of their
potential positive significance for learning. The product of chance-seeking is the
formation of one’s personal cognitive niche that is not immediately available to
other learners. However, as long as it leaves traces in a shared environment, it
may be re-interpreted and re-enacted by others depending on their knowledge,
goals, and the interaction with other cognitive niches present in the cultural
niche. The result of many chance-seekers self-organised cognitive activities is
ecological enculturation. Cognitive niches from learners epistemic distributed
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cognition may be accumulated as emergent shared collective niches and encul-
ture the environment ecologically. It is increasing the anticipatedness of the
environment by pattern formation and pattern finding that are forms of Collec-
tive Distributed Cognition. Learning from the ecologically encultured patterns
may help the learner, since one can try to replicate and or/exploit what other
learners have already done, and it may be easier to achieve the learning flows
determined by the culture.

The individuals’ self-directed learning behaviour, personal learning environ-
ment (PLE) and – network (PLN) creation, accompanied with open publishing
and sharing practices cause MOOCs to be open, dynamic, self-regulated and
evolving learning ecosystems. The ecosystem architecture of MOOCs as com-
munities of learning services that produsers activate from digital components
allows considering the ecosystem principles to be used for designing productive
MOOCs that can promote chance-seeking and learning from ecological encul-
turation. The nature of interrelations between the learning ecosystem organ-
isms – producers, digital components and digital learning services – allows the
emergence of distributed cognitive systems. Our future studies are directed to-
wards exploring the potential of utilizing ecosystem principles in designing learn-
ing ecosystems that make use of how we conceptualize learning as the distributed
cognitive process.
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Abstract. Discussions are an important tool for students to engage with
new content, bring up new ideas and generate knowledge. This paper fo-
cuses on the representation of asynchronous online discussion forums
in an e-learning context and how it influences the outcome of discus-
sions. We compare the results of a traditional discussion visualisation -
a vertically threaded comment system - to the two dimensional system
Discourse, in which every new statement of the discussion opens a new
subthread. We draw our conclusions from a qualitative analysis of pairs
of discussions on the same topic conducted in both systems. Our findings
suggest that discussions in Discourse are more focused and goal-oriented
than in traditional threaded system.

1 Introduction

It has been found that discussion systems increase critical thinking skills [1], fa-
cilitate educational dialogue and provide a means for feedback between students
and instructors [2]. Students can actively participating in debates, contribute
and gain new knowledge from others [3]. In asynchronous discussions students
have time to research and formulate their arguments, which leads to a high
quality of the discussion [3]. Other projects have tapped into the wide range of
possibilities posed to educational purposes by online discussions ([4], [5], [6]).

As of yet, there is not much literature on the topic of representations of col-
laborative learning discourse, and their impacts on the outcomes of discussions.
Suthers [7] describes different forms of online discussions and compares their
influences on the way discussions are lead. Popolov et al. [8] analyse existing
discourse representations and point out their flaws, as well as suggests possible
new designs. More generally, Wright has written about the psychology of layout
[9]. She discusses how layout influences the effort it takes to use read informa-
tion, the influence of layout on the willingness to read, on readers’ assumptions
and on reading strategies. Even though she is not referring to discourse layout in
particular, her general observations apply to collaborative discussion interfaces
as well. Dyson [10] generally describes the effect of typography and layout on
reading from screens. Middlestadt and Barnhurst [11] found that different layout
changes the perception of the content of newspaper articles and reader’s attitude

P. Zaphiris and A. Ioannou (Eds.): LCT 2014, Part I, LNCS 8523, pp. 216–225, 2014.
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towards them. The layout of the Discourse system has already been discussed
in [12].

Discourse, the redesign for online discussions, derives its inspiration from the
Infinite Canvas concept introduced by Scott McCloud [13]. Traditional repre-
sentations of online discussion rely on one dominant dimension (in most cases
the vertical dimension Y) to represent the flow of postings.

Discourse uses both available dimensions to structure and present informa-
tion. Each new statement in the discussion is listed in a column to the left of
the screen. Replies to these statements are arranged in columns to the right of
the statement. As each of these replies can be replied to, each one can have a
column of replies associated with it. The principal structure of the presentation
of comments and replies can be seen in Figure 1.

"Keine Einschränkungen für Inhalte, welche nicht
schädlich ... 
» more (52 words)

moerph / 1 18.11.10 20:46  

Aus aktuellem Anlass und genau passend zum Thema 

http://www.heise.de/newsti...

Das ist dann wohl eher die privatwirtschaftliche Sicht auf
das Thema Netzneutralitaet. Das ganze scheint wohl
aus dem Stadium der Grundsatzdiskussion nicht
herauszukommen, denn offensichtlich sucht niemand
wirklich den Konsens.

replies
1

5

moerph / 2 19.11.10 12:37  

Zwar nicht 100% zum Thema Netzneutralitaet passend,
aber zwangslaeuft damit zusammenhaengend sind die 2
folgenden Artikel
http://www.heise.de/tr/blo...
http://www.heise.de/tr/art...

In denen es zum Teil um generelle Filterung von
Netzverkehr und Inhalten in China geht. Desweiteren
wird ... 
» more (79 words)

bE / 1 19.11.10 17:00  

Das erste Video macht offensichtlich Stimmung gegen
Net Neutrality. Allerdings verwirrt mich das zweite Video.
Das soll ironisch sein, oder wie? 

Falls ernst gemeint, lösen Aussagen wie "The internet
needs more restrictions" oder "I want someone to
choose it for me", bei mir ein mulmiges Gefühl aus. 

Back to topic: Ich habe meinen Provider in Verdacht,
Anti-Net-Neutrality zu verfolgen. Zumindest ist Traffic-
Shaping aus meiner Sicht nichts anderes. Siehe: 
http://de.wikipedia.org/wi... 
Ich will selbst bestimmen, wofür ich die von mir bezahlte
Bandbreite einsetze! 
« less

replies

5

phpwutz / 5 20.11.10 20:33  

Hier mal ein gedanklicher Randfall:
Inwiefern ist denn eigentlich das Modell "mehr bezahlen
= schnelleres Internet", wie es ja von allen mir
bekannten Netzprovidern praktiziert wird, mit
Netzneutralität zu vereinen? Warum darf für bestimmte
Services (einzelne Webseiten zB) kein extra ... 
» more (36 words)

reply

1

bE / 2 21.11.10 23:12  

Michael Krammer, Chef des Mobilfunkbetreibers Orange
meldet sich im letzten Absatz dieses
Webstandardartikels bezüglich Net-Neutrality in

fatgothchick / 1 19.11.10 17:21  

das zweite video ist nicht ernst gemeint. die meinungen
der leute im video sind schlicht überzogen. gezeigt wird
"the new internet if AT&T and Verizon have their way".
bei der englischen wikipedia lässt sich die sache recht
schön bis ins detail nachlesen
(http://en.wikipedia.org/wi...)

phpwutz / 4 20.11.10 20:04  

Wie bereits oben erwähnt, ist Netzneutralität etwas
unbedingt erhaltenswertes. Aber um hier mal den
Advocatus Diaboli zu spielen:
Was spricht denn dagegen, beispielsweise VoIP/IP-TV-
Daten bevorzugt weiterzuleiten, da diese ja wesentlich
zeitkritischer sind als zB Dateidownloads? Unter dem
Namen "Quality of Service" wird das das ja auch in
vielen Firmennetzwerken schon länger eingesetzt.

Quellen: http://de.wikipedia.org/wi...
http://de.wikipedia.org/wi...

replies

3
Moru / 3 21.11.10 21:34  

Alleine schon mal die Tatsache, dass die Pakete
durchleuchtet werden müssen um ihren Inhalt
festzustellen. Außerdem können ja auch
Dateidownloads zeitkritisch sein (je nach jeweiligem
Hintergrund)
Und wenn man anfängt zu priosieren kann man
vermuten, dass die Technikaffineren beginnen ihre Pakte
als etwas schnelleres auszugeben als sie sind und sich
die Bandbreite sozusagen unter den Nagel reißen.

reply

1

bE / 3 21.11.10 23:17  

Ich stelle mir vor, dass auch in großen
Firmennetzwerken kritische Daten verschlüsselt
übertragen werden. Dann entsteht das Problem, von
dem du im Post über den CCC gesprochen hast.

phpwutz / 9 22.11.10 1

Ich weiß, dass _wir_ nicht wollen,
durchleuchtet werden - aber es is
und wird auch gemacht. Das spric
Meinung nach nicht dagegen.

Zum Paket-Fake: Ich gehe mal da
Klassifizierung der Pakete Heuris
verwendet werden - ein paket, da
als eines auszugeben, das plainte
ziemlich schwierig werden. Es se
verschlüsselst wieder den Datenv
Art, dass zB für den Scanner alles
aussieht. *Notiz an mich selbst: S
ausprobieren, falls die Politik das 
wirklich versaut*

*ouch*: "Any ISP maintain that to 
connected to the world, requires t
data sent to and received from the
monitored and regulated"
Quelle: http://www.internetworks.m
(Präsentation beschäftigt sich hau

Fig. 1. Selected items have a dashed outline and are shown with a grey underlay,
indicating that the column next to it displays replies to the selected item

In this paper, we are comparing two threaded discussion systems that were
used in a university lecture in two consecutive years. The remainder of this paper
is structured as follows: The next section ’Similar structure, different layout -
two threaded discussion systems’ offers a detailed description of both discussion
systems. The section is followed by a ’Setting and method’ chapter describing
the approach and setting in which the data was collected and evaluated. In the
chapter ’Evaluation and discussion’, the quality of discussions across the two
systems is compared using qualitative content analysis according to Mayring
[14]. Comparisons are drawn between discussions held on identical lecture topics
in the old system in the first year, and in the new system in the second year.
The paper closes with a ’Conclusion’ chapter, summarizing the findings.
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2 Similar Structure, Different Layout – Two Threaded
Discussion Systems

Both discussion systems are embedded in an online learning support system used
at the Vienna University of Technology. The system is comprised of various mod-
ules like an organizational Newsfeed, a section for lecture slides and comments to
the slides, as well as a portfolio section for each student. A detailed description
of the system can be found in [15].

The system used in the first part of the evaluation was a one dimensional
threaded discussion system embedded in the lecture slide view, that featured
only one level of indentation (see Figure 2). Discussions were started with a
top-level posting, outlining the topic and including statements or questions the
students could reply to, all in the context of the respective slide. Students could
either respond directly to the top-level posting, or start a new thread beneath it.
Replies were arranged vertically under each thread in their chronological order.
Within threads, replies could be directed at the first posting of the thread as well
as at other replies. To convey the affiliation of a reply to another persons post,
students could refer to it, using tags like @username. Hence, the whole discussion
was represented vertically on two levels: top-level postings, and indented replies,
notwithstanding more complex relations between the content of postings.

Fig. 2. A one dimensional threaded discussion with one indentation level. Referring to
other postings within the indentation level is done by mentioning the other persons
username at the start of the reply.

The second system, Discourse, was not integrated in the slides section but
worked as an independent module of the online learning support system. Stu-
dents could either navigate to the Discourse section directly, or via the discus-
sion starter that was still attached to a slide in the slides section, but now only
serving as a link to the Discourse module. The link lead directly to the chosen
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discussion, while navigating to the discourse section showed only an overview of
currently running discussions. The overview provides students with information
about currently running discussions and also if there have been new, unread
postings in discussions the student is currently involved in.

The multi-threaded discussions are represented in two dimensions. Students
are encouraged to post new thoughts and ideas that have not been discussed
yet as new top-level postings in the discussion. All top-level postings are repre-
sented as a vertical list in the second column on the page, with the first column
consisting of a thumbnail of the slide, and the discussion starter. Whenever a
students logs into a discussion, these two columns are visible. If replies to a
posting exist, an information box appears next to the comment, containing the
amount of replies that exist in this thread; how many of these replies the partic-
ipant has not read yet; and a spark-line representation of the further structure
of the thread. Each element in the spark-line represents one level of responses
to a comment, with the amount of bars showing how many replies postings are
in this level on average.

To read a thread, it can be unfolded by clicking the information box. Students
can either unfold the whole thread at once, or navigate through it, layer by
layer. All postings, including replies, can be replied to. Each reply is displayed
in the column immediately to the right of the posting. For example, a thread
that started with a top-level posting followed by an interplay of single replies is
represented as a horizontal string of postings. Only one thread of the discussion
can be open at the same time. To keep track of which comment thread is open
at the moment, the active comments have a grey background for accentuation.
A more detailed description of the Discourse system can be found in [16].

3 Setting and Method

We had the suspicion that a layout differing in key characteristics from the tra-
ditional format could influence the way discussions are held online. In order to
evaluate the impact of such a design, we used different systems in two successive
years to facilitate participant discussions in a university course in the area of
’Informatics and Society’. In both years, we asked the respective students to
participate in identical discussions, against the background of an identical lec-
ture 1 held by one of the authors of this article, Peter Purgathofer. The course is
offered as part of the Informatics Bachelor programs at the Vienna University of
Technology, and is mandatory for all first-year students in the second semester.
Participation in the discussion was voluntary, and general discussion was wel-
come. To promote substantial participation, students were offered points toward
their grade for individual contributions of high quality.

In the research discussed in this article, we focussed on evaluating the inter-
action between students as well as the discussion as a whole, rather than e.g.

1 ’identical’ - Of course, the content of a lecture in ’Informatics and Society’ has
to reflect current events and trends; Still, for the purpose of this comparison, the
lectures can be assumed sufficiently identical
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collaboration or community structure within our system. In her paper, Meyer
discusses different methods of discussion evaluation: content analysis; rubrics;
and frameworks [17]. The analysis of the presented system was done using qual-
itative content analysis, following the approach laid out in Mayring [14]. While
we also applied some quantitative criteria to more directly compare the differ-
ences, we think that the qualitative analysis makes the influence of the different
systems much more explicit.

Coding and categorizing the postings was done by the two authors indepen-
dently, and in a second step the evaluations were compared. Since the interpre-
tation of meaning in latent content is a subjective process, bias cannot fully be
avoided. This two-step process was chosen in order to produce reliable results
and lessen inaccuracies of the evaluation introduced by subjective interpretation
of the postings. In the first step, all postings were read, and a classification was
developed based on the content of the postings and the relation of the postings
to each other. This classification is shown in table 1. In a second pass, we coded
all postings following this classification, and additionally asserted in which way
they related to the respective preceding posting, i.e., supportive, oppositional,
or neutral . Finally, the structure of the discussion was visualized in a directed
graph with type of each posting instead of the text in order to better understand
the flow of discourse.

Table 1. Coding: This table shows a list of possible posting types and their explanation

Category Semantic Example

Statement A posting where facts are stated and/or
external sources are quoted.

’Bill Buxton states that?’

Opinion A posting where the author gives her
opinion on the matter, without specifying
sources.

’I believe we have to?’

Question In such a posting, the author openly poses
a question into the discussion.

’Can it really happen that?’

Answer Such a posting can answer an explicit ques-
tion, or refer to issues left open implicitly
in a statement or opinion positing.

’Yes, it is indeed possible that?’

Materials Such a posting adds sources and/or other
materials relevant to the discussion.

’You can find more information
at?’

Example The author introduces an example into the
discussion.

’Where I work, people usually?’

Clarification In such a posting, the author tries to clarify
an unclear or open issue in the preceding
positing.

’To sum it up, I would say?’

Insight Here, the author expresses a realization of
something that was hitherto unknown to
her.

’Ok, i see your point.’
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The posting types themselves are more or less self-explanatory, and are de-
scribed in Table 3. In the structural visualizations, each posting is represented by
its respective posting type. To visualise the argumentative relation of postings,
we use an arrow, pointing either upwards or downwards. Posting supporting the
preceding posting are indicated by an upwards arrow; postings contradicting
the preceding posting are indicated by a downwards arrow. Some postings are
neutral, which usually means that they don’t really respond to the preceding
posting and can be considered a non sequitur.

Finally, we color-coded postings by author and posting frequency. For the
printed version, all postings of the author who contributed most to the discussion
in terms of quantity are indicated using white type on a darker gray background;
postings by authors who contributed more than once to the discussion have a
light gray background; and postings by authors with only a single contribution
are shown with a white background. Also, the discussion starter is highlighted
with white text on a black background. This makes any differences in repeated
participation between the two representations quite obvious2.

4 Evaluation and Discussion

We applied this evaluation on five discussions held both in the traditional forum
format in the first year and Discourse in the second year. Due to practical
constraints, we can only show the results of one evaluation in this article in
detail. All five evaluations can be examined in detail in the complimentary online
section3 of this article.

Figure 3 shows the structure of a discussion on net neutrality, facilitated with
the old forum system. In the discussion starter (labelled ’initial statement +
questions’ in the visualizsations), participants were asked to watch an anti-net-
neutrality commercial from the National Cable & Telecommunications Associa-
tion4 and a pro-net neutrality ad from Google5, and read a (then recent) online
document6. Participants were then asked a couple of questions, initiating a dis-
cussion of the theoretical value and the reality of net neutrality.

Using the plain forum format, the resulting discussion comprised of 35 replies,
submitted by 34 students, an average of just 1.03 posting per participant. A
single student wrote two postings, whereas everybody else stopped after posting
a single entry into the discussion. Interaction was the exception rather than
the norm; only 10 postings, less than 30%, were written in response to what
somebody else wrote. 21 postings are completely isolated, meaning they don’t

2 For the complementary online version of the same visualizations, the postings of
each author are shown in different colors

3 http://igw.tuwien.ac.at/designlehren/discourse_evaluation.html
4 http://www.youtube.com/watch?v=oPIYxtjLFeI
5 http://www.youtube.com/watch?v=o9Dv8OnIwmc
6 The Verizon-Google Legislative Framework Proposal,
http://www.scribd.com/doc/35599242/

Verizon-Google-Legislative-Framework-Proposal

http://igw.tuwien.ac.at/designlehren/discourse_evaluation.html
http://www.youtube.com/watch?v=oPIYxtjLFeI
http://www.youtube.com/watch?v=o9Dv8OnIwmc
http://www.scribd.com/doc/35599242/Verizon-Google-Legislative-Framework-Proposal
http://www.scribd.com/doc/35599242/Verizon-Google-Legislative-Framework-Proposal
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A: opinion B: materials ↑

C: question D: question

E: answer

C: answer

G: answer

F: materials ↑

H: opinion I: opinion ↑

J: opinion K: example ↑ L: example ↑ M: clarification

+ 21 isolated postings

initial statement + questions

Fig. 3. Discussion on net neutrality using the plain forum format. The black discussion
starter was posted be the course instructor. Posts from the user with most contributions
are dark gray. All posts from users with more than one contribution are light gray.

refer to any posting other than the ’initial statement + questions’ posting, and
are not referred to by another posting. The distribution of the 14 non-isolated
postings is shown in Figure 5.

Counting the links, the single longest chain of discussion is 4, while the average
length is 2.6. 50% of all postings within these discussion threads and 80% of all
postings are end points in the graph, that is, they are not replied to.

A: clarification

A: materials B: opinion ↓

C: statement A: question

D: opinion A: opinion D: opinion A: opinion ↓ A: opinion ↑

E: statement A: opinion ↑ E: opinion ↑

E: question

F: statement G: question F: insight

E: opinion ↑

H: materials J: opinion ↑

G: opinion ↑

E: opinion ↑

K: example J: opinion ↑

L: opinion M: clarification

E: question K: answer

L: answer

E: opinion ↓

+ 7 isolated postings 

N: statement O: statement ↓ P: opinion ↑ O: opinion ↓ N: opinion ↓

Q: clarification

O: insight

P: opinion Q: statement ↓

initial statement + questions

Fig. 4. Discussion on net neutrality using the Discourse system. The black discussion
starter was posted be the course instructor. Posts from the user with most contributions
are dark gray. All posts from users with more than one contribution are light gray.
Please note that due to recent changes in html/css rendering, some elements are slightly
misplaced from their intended position.

Using Discourse a year later, 20 students participated in the discussions, writ-
ing 46 contributions. This constitutes an average of 2.3 postings per participant
- much more than in plain forum version. Of these, only 7 postings were isolated,
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while 39 postings were either replies to other comments, or being replied to by
somebody else. This alone constitutes a much higher rate of interaction between
the participants. 30 comments, or 65%, were written as a response to another
posting.

The longest chain of discussion is 6 postings, with the average length being
3.31 postings. 41% of all postings within these discussion threads and 50% of all
postings are end points.

Figure 5 shows the difference in the frequency of the types of comments in
each system. Using this approach, three differences become evident.

Statement

Opinion

Question

Answer

Materials

Example

Clarification

Insight 2

3

1

2

2

4

19

6

0

1

2

2

3

2

4

0

Fig. 5. Occurrence of posting types in both the traditional forum system and Discourse

– 6 statements were posted (as compared to 0 in the plain forum version);
writing a statement is more work than writing an opinion, this implies a
higher rate of engagement than in the plain forum.

– At the same time, 19 of the 39 non-isolated comments were opinions, 16 of
which were written as a reaction to other postings. While writing an opinion
as a response is much less work than writing one of the more substantial
posting types, it indicates a higher rate of reading and involvement than the
plain forum version.

– 3 comments were categorized as insight in Discourse, versus 0 in the tradi-
tional system. A possible explanation for this is that it is a direct consequence
of the longer chains of discussion in Discourse, which in turn can be seen as
an indicator for more involvement in the discussion.

The visualisations of the discussions using the codified posting types invites
a number of further observations:

– In the discussion using the traditional forum system, participants never
openly oppose each other, while in Discourse, we can identify multiple sin-
gular instances of opposition. Even more, we can see participants answering
to these oppositional stances, even leading to insight in the end. One could
argue that this is what open discussions are about: critically reflect and
reconsider one’s point of view.
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– The large number of isolated posts in the traditional view suggests that
many participants coming late to the discussion had no incentive to read
through the discussion so far, and ended up posting their own opinion or
statement without regard for what other participants wrote. The much more
structured Discourse system invited people to first read what others wrote
before posting something.

– While most participants in the traditional forum system posted only a single
contribution, most postings in Discourse came from students who wrote
more than one contribution. This again shows that the rate of interaction
with the discussion was higher than in the traditional system. The results of
the analysis of the other four discussions confirm these results.

5 Conclusion

Our evaluations show that the discussions facilitated with Discourse display
improvements in a number of essential qualities compared to the discussions
done in the admittedly quite simple, but still very common single-thread system.
While we cannot really shed light on why this is the case, we can formulate a
number of hypothesis to explain the effect. Whatever the real reasons might
be, we think that all of these hypothesis point to advantages of Discourse over
traditional online discussion layouts.

– The much higher demand for interactivity in Discourse leads to a feeling
of more agency. For example, Discourse forces participants to make a deci-
sion whether to follow a thread further, or to ignore it; this choice fosters
involvement.

– Traditional forum layouts suffer from ’context blur’. For example, a feud
between two participants pushes all prior replies away from it’s ’parent’,
making more substantial replies much harder to find. Often, when reading
long discussions in a traditional threaded format, it is challenging to remem-
ber which posting a reply refers to. In Discourse, it is much easier to see and
understand the local context of a postings, i.e. it’s ’parent’ and ’siblings’. A
feud is simply a long horizontal chain of postings, and can be ignored much
easier. This overview gives participants a better chance to find the place and
posting they want to respond to.

– The relatively low number of first-level-postings in Discourse makes it easier
to catch on with an ongoing discussion. This in turn motivates participants
to find a place to respond, rather than just deposit their opinion.

This list is neither exhaustive nor sufficient to explain the reasons why online
discussions can be elevated simply by layout and interaction alone. Still, we
think that our observations support the assumption that the role of information
architecture and interaction design of ICT systems goes way beyond the mapping
of functionality onto a simple to use interface.
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Abstract. Evaluating online discussions is a complex task for educators. Infor-
mation systems may support instructors and course designers to assess the  
quality of an asynchronous online discussion tool. Interactivity on a human-to-
human, human-to-computer or human-to-content level are focal elements of 
such quality assessment. Nevertheless existing indicators used to measure inte-
ractivity oftentimes rely on manual data collection. One major contribution of 
this paper is an updated overview about indicators which are ready for automat-
ic data collection and processing. Following a design science research approach 
we introduce measures for a consumer side of interactivity and contrast them 
with a producer’s perspective. For this purpose we contrast two ratio measures 
‘viewed posts prior to a statement’ and ‘viewed posts after a statement’ created 
by a student. In order to evaluate these indicators, we apply them to Pinio, an 
innovative asynchronous video discussion tool, used in a virtual seminar. 

Keywords: Online discussion, asynchronous video discussion, educational data 
mining, interactivity, higher education. 

1 Introduction 

The development and spread of information and communication technologies as well 
as the increasing number of participants per course in higher education are only two 
reasons why the use of and the demand for technology-enhanced education tools are 
rising steadily [1]. Besides, the demand on peer-to-peer learning concepts and the 
integration of virtual communities into online learning environments is growing [2–
4]. Especially the implementation and encouragement of asynchronous online discus-
sions within technology-enhanced education are of wide interest in higher education 
[5]. Asynchronous online discussions favor the realization of Massive Open Online 
Courses (MOOCs) and many other types of online courses that allow students to 
study online at their own pace at different times (e.g. in different time zones) [6, 7].  

Although the utilization of online discussions is of high interest for research on and 
practice of technology enhanced education, a research gap has been identified. Exist-
ing research on the evaluation of these applications only partially reflects the actual 
interactivity of students within asynchronous online discussions. Especially with the 
rise of learning analytics in general and educational data mining (EDM) in particular 
quantitative indicators for the interactivity of students for educational purposes are of 
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increasing interest. Most approaches in research on EDM related to asynchronous 
online discussions make use of ‘active’ indicators such as the ‘number of posts per 
students’ or ‘number of reviews per student’ in order to determine the interactivity 
and to evaluate the expected learning outcome [7, 8]. The role of ‘passive’ indicators, 
such as reading the posts and learning from it without actively taking part in a debate 
[9, 6], is only partially considered yet. Prior experiments and qualitative research 
showed that acquiring and assimilating information from peers by reading or watch-
ing contributions from other students has positive outcomes on the learning outcome 
[10, 6]. 

Hence, the intensity with which a student interacts with information from their 
peers should be included into proper interactivity evaluation. Following the approach 
of [11] we discern between two roles a student impersonates in online discussion - 
consumers and producers. Based on this differentiation, the central question of this 
paper is: How can we use data mining to evaluate online discussions against the 
background of a multifaceted view on interactivity? Thus, the purposes of this paper 
are to contribute to the ongoing debate on indicators for online discussions in two 
ways. First of all, we update the suggestions from Dringus and Ellis [12] about indica-
tors used to evaluate online discussions which can be applied to EDM. Moreover, we 
introduce measures for the consumer’s side and contrast them with the producer’s 
perspective. 

Following a design science research approach [13], we use an asynchronous video 
discussion tool to introduce extended indicators for the analysis of a consumer- and a 
producer dimension alike. Our research design starts by clarifying the problem field. 
We introduce current sets of indicators for online discussions within research on 
learning analytics and EDM. Afterwards we demonstrate the use of our indicators for 
assessing Pinio, an asynchronous (video) discussion application. The pertaining appli-
cation was applied to the course Net Economy. Net Economy is an online course with 
140 students from six institutes in higher education who engaged in several online 
discussions in 2013. The demonstration is supplemented by an explorative correlation 
study to assess the additional information gain from both indicators.  

2 Objectives of a Solution 

2.1 Online Discussion  

Discussions in higher education, whether online or offline, should encourage debates 
among students as well as between students and course instructors [14]. Typically we 
distinguish between synchronous and asynchronous discussions that mainly differ in 
terms of presence of the participants. The focus of this paper lies on asynchronous 
online discussions. Within these debates participants do not necessarily need to be 
present in a discussion forum at the same time. New entries within the online discus-
sion are recorded and can be accessed at any time without a direct need to respond 
immediately [5, 15]. Thus, participants can decide when and where they take part in 
the online discussion. Hence they can flexibly integrate the online discussion into 
their schedules [16]. Moreover, online discussions are an important element to trigger 
extensive and helpful dialogues between students [2, 17]. Several authors find that 
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sufficient time to develop own thoughts and to prepare an appropriate statement are 
further benefits of online discussions [14, 18, 8, 15]. It has been shown that active 
participation in online discussions oftentimes lead to effective learning outcomes [7]. 
Especially students who feel less comfortable in face-to-face discussions profit from 
an anonymous discussion environment [14, 8]. Furthermore, students are able to pre-
pare their answers and responses according to their own pace; they do not necessarily 
follow the pace of a learning group [19]. Apart from the before mentioned advantag-
es, several authors identified also a couple of disadvantages related to online discus-
sions. One of which is the unpredictable amount of time participants have to wait for 
replies to their former posts [20]. The authors Dringus and Ellis [12] found that partic-
ipants might even be discouraged when facing an over proportional long waiting time. 
Moreover, the structure of the online discussion forum is an important factor influen-
cing whether some post remains unread and unanswered because participants lose 
track of what has been written.  

The role of the educator, namely instructor or course designer, is to moderate on-
line discussions in a manner that irrelevant or even wrong contributions are clarified. 
Additionally instructors keep track of a discussion to ensure relevance of postings for 
the course topics, reduce off-topic and support a positive debate culture. In order to do 
so, the course instructors need to evaluate the quality of a discussion. Following the 
brief introduction on factors influencing online discussion, this is a complex task. In 
the following we will discuss, whether this process of quality assessment can be sup-
ported by information technology and measures from the field of educational data 
mining.  

2.2 Educational Data Mining in Online Discussions 

Considering the fact, that educators in e- or blended learning settings mostly interact 
through (web-based) technology with students, potential transparency of student’s 
actions mostly decreases. Lecturers who give their presentation via video streams can 
only guess if students are watching them at home or switch to another browser tab. 
Also online discussions may quickly become either very complex or stay hardly in-
itiated; as a result educators can either hardly review the amount of data or stay un-
clear why a discussion does not thrive [8]. Educators giving traditional lectures may 
be able to recognize a distracted audience and intervene promptly, for instance by 
cold-calling. Nevertheless web-based technologies impede this strategy at a first 
glance. A few years ago Learning Analytics gained common recognition as a field of 
research that may resolve these issues. The general attention on Learning Analytics 
within research on educational technology grew tremendously since the publication of 
the Horizon Report 2020 by the European Union [21]. Following the literature on 
Learning Analytics its main task lies within the collection, processing and evaluation 
of usage data in the educational sector [22–24]. A recently developing branch within 
the field Learning Analytics is called Educational Data Mining. EDM uses techniques 
from Business Intelligence and Data Mining to transform data into information using 
algorithms to support decision making processes [25]. For example text mining, clus-
tering or rule setting methods can be used to help educators interpret large amounts of 
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data which are mostly collected by web services, like web-based trainings, course 
management systems and also online discussion tools. For this purpose key indicators 
need to be created to find answers for hypotheses regarding educational technologies 
in general and online discussion tools in particular. Following this initial step these 
indicators may be directly collected or processed using raw data. Sources of data are 
diverse. To test hypotheses regarding educational technologies we need to advance 
the data mining process. Subsequently manual data collection is an obstacle. We need 
to use data that can be collected machine-aided to enable automatic data analysis. 
Within educational technology server-sided data (like log files) as well as client-sided 
data (like client-triggered events via javascript) are common [25]. Therefore our main 
task to evaluate the quality of an online discussion tool is finding relevant and quanti-
fiable indicators that could be collected automatically.  

To assess the quality of online discussion within a course, we ask for the interactiv-
ity of students with other students, the educator and the learning content [26–28]. 
Dringus & Ellis [12] were not able to identify ‘the’ key indicators for participation in 
online discussions, even though they presented a list of indicators based on a thorough 
literature review. They subsume that relevant constructs and ‘the associated indicators 
are found in the literature, but only in piecemail’. Their study nevertheless contains 
many indicators that are collected manually. Additionally they propose indicators that 
could be of use for data mining. Prominent indicators which measure interactivity 
between humans (student-to-student as well as student-to-educator) within online 
discussion boards are the amount of replies or posts per user. Other indicators, like the 
amount of accesses to a discussion board, are used to assess the level of human-
computer or human-to-content interaction [7]. These indicators nevertheless only 
partially reflect the interaction of students and the online discussion. ‘Lurking’ or 
content ‘consumption’ are not directly assessed. 

Interactivity in online discussions is embodied by active participation - or know-
ledge ‘production’ - as well as passive ‘consumption’. Active participants post  
answers to existing contributions or initiate new discussion streams. Passive con-
sumption of online discussions involves reading of central contributions and finding  
relevant information without contributing or answering to an existing discussion [7]. 
In literature, the term “lurker” is often adopted in this context to describe students 
who are only observing the ongoing discussion and who remain themselves silent [7, 
8]. The passive consumption in contrast reflects to a type of interactivity that may be 
linked to a prior or following content production. 

Research mostly argues about indicators for active types of interactivity in the con-
text of online discussions. Several authors measure the access to online discussions 
boards as well as the number of posts or reviews per students in order to determine 
the effectiveness of online discussions in terms of learning outcomes [29–31, 7, 9]. 
[6] examined in experiments the number of views per user and posting. The results of 
this approach show that a combination of active posting within discussion forums and 
passive consumption – like reading of posts – contribute to the learning process. Even 
though the authors Jyothi et al. [8] acknowledge that lurking has some kind of contri-
bution to the learning process they focus on indicators for active participation, such as 
access to the discussion forum. In order to gain further insights related to the passive 
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consumption of asynchronous online discussions, Wise et al. [9] intend to operational-
ize the passive consumption of online discussions in terms of reading. For this pur-
pose, the authors measure time difference between two activities and assume that the 
students dedicate a certain amount of the mean time to read prior posts. In a similar 
manner, [31] observes the number of website hits per student in order to determine the 
passive consumption of the discussions. These indicators are based on the assumption, 
that students visit the web page to read thoroughly through postings, which may lead 
to a biased interpretation. Students may dedicate their time spent on a site with activi-
ties unrelated to the actual discussion, e.g. switching the browser tab without closing 
the discussion. Another approach, adopted by several authors, is to count the number 
of posts that are marked as ‘read’ or ‘important’ [32, 29, 33]. Instead of measuring 
passive consumption they observe manual or automatic ‘ticking’ of a checkbox. 
These indicators may be biased by students who do not mark every single post.  

In contrast to [12] we present a list of indicators which were used for machinable 
data collection and data processing (see table 1). The displayed results follow a litera-
ture review of peer-reviewed articles regarding data-mining and online discussion for 
educational purposes.1 Our overview shows that most conducted research makes use 
of indicators for ‘active’ participation such as the access to the discussion forum and 
the number of posts per user in order to enhance existing research. Indicators ‘pas-
sive’ interactivity are less often determined. In the following we develop and demon-
strate indicators to determine passive indicators of asynchronous online discussions 
ready for data mining techniques. 

Table 1. A list of indicators that can be collected and processed automatically  

 Indicator Operationalization Reference, cf. 

ac
ti

ve
 

amount of posts created - [7, 9, 12, 29, 30, 
34, 35]  

Time difference between two 
posts 

- [12, 36]  

amount of words / sentences amount of text elements (regular expres-
sions) 

[33] 

amount of reviews / edits - [9, 29] 

change in subject change in title/subtitle of post [8] 

response reply to a post with and without mentioning a 
prior author within this post 

[8, 12] 

detect key words, phrases 
related to topic 

text mining for keywords and phrases [12] 

 

                                                           
1  Databases: ScienceDirect, EBSCO, ERIC, IEEE Xplore 
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Table 1. (continued) 

 detect genre of posting using 
text mining 

cascade classification model for detecting a 
"discussion, comment, reflection, informa-
tion sharing and scaffolding" 

[37] 

centrality measures network analytical approach on a micro 
level: Degree, Betweenness, Closeness, 
Auth/Hub Centrality 

[8, 32, 33] 

density of the discussion network analytical approach on a macro level [8] 

pa
ss

iv
e 

amount of reads action 'read' estimated by time spent on a 
page 

[9, 35] 

amount of website hits amount of page hits [31, 38] 

amount of 'scans' action 'scan' estimated by time below 6.5 
seconds per word 

[9] 

marked as "read" amount of posts that are marked as "read" or 
"important" by students 

[29, 32, 33] 

3 Assessing the ‘Consumer’ Perspective 

3.1 Institutional Context 

We build upon our findings from the literature review to evaluate an asynchronous 
video discussion tool which was used in the course ‘Net Economy’. ‘Net Economy’ is 
a virtual seminar that is offered in collaboration across several locations. The setting 
targets participants with heterogeneous educational backgrounds in the fields of busi-
ness and economics, business information systems, and educational sciences. Besides 
teaching about Entrepreneurship in the Net Economy the virtual collaborative learn-
ing setting focusses on spanning across different cultural backgrounds from Germany 
(Bochum, Berlin, Clausthal, Soest), Ukraine (Simferipol), and Indonesia (Jakarta). 
140 students participated in the course in 2013.  

Every Net Economy class is divided into three phases: ‘preparation phase, know-
ledge development phase’ and ‘case study phase’. Throughout the course, project 
work is conducted in small teams of six students and across locations, both in terms of 
team composition as well as presentation and discussion of findings. By separating 
these phases, learning and working processes are structured as a project with the use 
of predefined milestones. Preparation phase consists of a team building process, 
where students get in touch with each other. For this purpose we integrated a virtual 
social network into the seminar [3]. The following knowledge development phase 
consists of pre-recorded video lectures and team assignments regarding the course 
topics. During the final case study phase every team applies what they learned  
before. Every finding is documented and discussed in steering committees and team 
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websites following phase-specific assignments. Steering committees and final presen-
tations are held at each location and are merged together through synchronous video 
conferencing. 

Besides the virtual social network the course is complemented by an innovative, 
asynchronous video discussion tool called Pinio. Pinio2 is a web tool that contains 
video statements of lecturers and students. Each statement takes up to thirty seconds 
and usually contains a key argument of a discussant. In contrast to traditional text-
based asynchronous discussion tools the video tool reduces anonymity. As a result 
every argument is complemented by facial expression and gestures. Every participant 
of the class was allowed to start and reply to discussions. During Knowledge Devel-
opment Phase we had two initial discussion threads in the first week. Participation in 
at least one of these discussions was mandatory. In the following weeks starting a 
discussion or replying to a post was completely voluntary. During Case Study Phase 
each of the 23 teams had to start a discussion containing their first idea for a new 
business model. Additionally each team had to reply to at least two discussions from 
other teams to give them feedback for their ideas. 

3.2 Indicators for an Asynchronous Video Discussion 

To assess the interactivity of students in online discussion we need to incorporate 
passive consumption and active participation. While active participation could be 
easily measured by the amount of video comments of a student, the influence of pas-
sive consumption can be manifold. First of all we need to gather data on consumption. 
While merely capturing the duration spent on a web site has been used to assess ‘read-
ing’, this measure may be difficult. The duration is indirectly measured by the time 
difference between two hits or events on a website [9]. Depending on the online dis-
cussion software it is difficult to distinguish between reading one or multiple posts.  

In Pinio every video post has a maximum duration of 30 seconds. A video is meas-
ured as being played when a student clicks on the pertaining button and keeps playing 
it until the end unless the browser tab is changed or closed. Once a video is finished, 
an event is triggered that sends data for a complete video presentation to the database. 
Therefore viewing a discussion post is more reliably logged, then merely guessing the 
amount of time spent on a web site. Based on the received data we aggregated indica-
tors for the consumption of a video statement.  

We distinguish between two sets of indicators that refer to the process perspective 
of learning. On the one hand we processed the amount of viewed comments (v) in a 
discussion (D) prior to a statement (px) at time (t). We call it viewPrior. While watch-
ing comments beforehand we might get insights into the intensity with which a stu-
dent prepares his or her comment. Additionally watching prior comments is necessary 
for linking an argument to the overall discussion. On the other hand we measured 
viewAfter as the amount of comments that have been watched after a student contri-
buted to a discussion. We assume that following a discussion after posting a statement 
signals engagement and an involvement in the learning content that reaches beyond 

                                                           
2  see also www.pinio.me 



 Analyzing Interactivity in Asynchronous Video Discussions 233 

 

an explicitly or implicitly created need within a course. The absolute number of views 
depends on the moment a statement is made by a student. If he or she contributes 
lately to a debate, there are many videos posted beforehand and less videos will be 
stated afterwards. Hence, to compare results of viewAfter or viewPrior we need to 
standardize both indicators (see eq. 1 and 2 for both ratio variables).  

 Ratio of viewPrior: 
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For this purpose we designed the ratio of consumed or watched videos posted be-
fore or after a statement in relation to the amount of existing and following statements 
at that time (pD,t). Therefore we are able to assess the percentage of viewed videos 
prior and after contributing to a discussion.  

 

Fig. 1. Histograms and distributions, vertical lines represent median views 



234 H. Rothe, J. Sundermeier, and M. Gersch 

 

During the course 270 video statements were created. In sum, 6.483 videos have 
been watched. Hence students watched by far more videos then they recorded, which 
is in line to the findings of [38] for text-based online discussions. Figure 1 presents 
the distribution of mean ratios for viewPrior and viewAfter of every student within 
the class Net Economy. Additionally we present the distribution of the pertaining 
variables in contrast to the cumulated amount of comments. As we can see for both 
variables, the distributions of viewPrior and viewAfter are multimodal. Apparently 
both indicators are skewed towards each end of the scale (0% and 100%). As we re-
late these distributions to the amount of comments, we gain insights into the relation-
ship between the active and passive type of interactivity. A large amount of comments 
is made without watching prior posts at all. There are also many students who only 
state their argument and do not track the following dispute. Nevertheless, we see a 
higher median as well as comparably greater marginal values for the upper 50-
percentile for viewAfter in comparision to viewPrior. Subsequently there are some 
students who show involvement above the level of what they are asked for within the 
given task. 

To assess the added value of both indicators in terms of information gain, we 
measure correlation between indicators for passive and active interactivity. We as-
sume an information gain, if indicators quantify different dimensions of interactivity. 
Hence, we expect low correlation between each indicator. Since viewPrior and vie-
wAfter show multimodal distribution we choose Kendall’s-τ correlation. Kendall’s-τ 
is a rank correlation coefficient that does not require a certain distribution of the va-
riables. Results of the correlation analysis are shown in table 2. 

Table 2. Kendall’s tau correlation of indicators for active/passive types of interactivity 

 Number of 
comments 

Mean 
Views 
Prior to a 
post 

Mean 
Views 
after a 
post 

Kendall's tau 
correlation 

Amount of 
Comments 

Correlation Coefficient 1.000   

Sig. (2-tailed)    

N 140   

Mean Views 
Prior to a post 

Correlation Coefficient -0.057 1.000  

Sig. (2-tailed) 0.430   

N 116 116  

Mean Views 
after a post 

Correlation Coefficient 0.144* -0.041 1.000 

Sig. (2-tailed) 0.045 0.525  

N 116 116 116 

*. Correlation is significant at the 0.05 level (2-tailed).

As we can see, the only significantly positive relationship exists between viewAf-
ter and the amount of comments. We assume that higher involvement and motivation 
in the pertaining debate or the learning content are positively associated to the amount 
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of viewed comments after adding a statement. Hence, both indicators may be related 
to the same construct. A following qualitative study or an experiment may research 
the causation behind this occasion. Nevertheless, we see that viewPrior and viewAfter 
as well as viewPrior and amount of comments are not correlated. Subsequently  
we gain more information about the passive type of interactivity within an online 
discussion.  

4 Conclusion 

Our literature review showed that some studies built upon the work of Dringus and 
Ellis [12] meanwhile. The strengthened focus on educational data mining within tech-
nology enhanced learning had a positive effect on research about quality assessment 
of online discussions in higher education. Nonetheless, we see that assessing how 
effective an application for online discussion actually is, remains a complex task. 
Many indicators are still only partially validated and there is still a lot of room for 
enhancing these indicators. In contrast to many indicators for the active ‘producer 
perspective’, we found that the passive ‘consumer perspective’ is weakly considered 
in EDM. Nevertheless this perspective promises valuable insights into the interactivi-
ty between students and the discussion technology. For this purpose we demonstrated 
the use of two variables, ‘mean views prior to a student’s statement’ and ‘mean views 
after a student’s statement’. As a matter of machine-aided routine we may now diffe-
rentiate between a student who posted two videos and watched none of the former 
comments, and a student who posted only one video, but followed the whole discus-
sion. 

Our research calls for a multitude of follow up questions. First of all, behavioristic 
research could validate the relationship between the active and passive dimensions of 
interactivity within online discussion. Furthermore the presented indicators were 
weakly correlated, but contain valuable information about the student’s interactivity 
with the online discussion system. Hence, applying these indicators in a cluster analy-
sis for discussant types may lead to more insights. In his research [39] argued for a 
typical distribution in the dichotomy between very active and rather passive students, 
who use web 2.0 tools in educational settings. Further research may ask whether we’ll 
also find a normal distribution between those types of students in online discussion. 
Furthermore we might examine the influence of deviations from a typical distribution 
for learning success and learner’s satisfaction. 

The results of this paper are limited to some extent. The study focused solely on 
EDM. Qualitative research on online discussion was widely neglected. Combining 
quantitative and qualitative approaches would be beneficial to gain further insights 
[31, 9]. Additionally qualitative methods or experiments are fundamental to test as-
sumptions on causality. In contrast to former research we applied our indicators to a 
new type of online discussion: asynchronous videos. Further research should investi-
gate the difference between the progress of online discussions in traditional discussion 
boards compared to asynchronous video discussions. We suggest applying an experi-
ment to test the causality of the associated hypotheses. 
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Abstract. Massively Online Open Courses (MOOCs) consist of online video 
lectures delivered by experts. Learner drop-out is a major concern for MOOCs. 
Early drop-outs are often associated with cognitive overload partially caused by 
unfamiliarity of concepts being taught. In such cases, the course can be aug-
mented with supporting information such as definition and explanation for con-
cepts. In this paper, we propose a metric quantifying the need for augmentation 
of individual concepts as a course progresses. We examine the metric using a 
MOOC course. We also present a preliminary experiment with 36 undergra-
duate students on using such augmentation.  

Keywords: MOOCs, Education, Augmentation, Metric, e-learning. 

1 Introduction 

Over the last decade, Massively Online Open Courses (MOOCs) have gained popu-
larity amongst learners. MOOCs typically consist of a number of video lectures of 
varying length grouped according to topics and arranged in an appropriate sequence. 
In a MOOC, the learners see a teacher, typically an expert in the field, delivering a 
lecture in front of a camera. The teacher can also present slides on the topic or write 
on a blackboard or pose questions which need to be answered by the learner. The 
learners can rewind, fast-forward or pause the videos according to their need.  

However, MOOCs have failed to deliver on their disruptive promise mainly due to 
high attrition rates [1]. Studies indicate that over 90% of learners registering for 
MOOCs drop out without completing the course [2]. A study of the edX Circuits and 
Electronics course reported an attrition of 95% with almost 50% taking place in the 
early stages of the course [3].  

One can argue that if the drop-outs could be prevented, MOOCs could have more 
business and social impact. In a review of the factors contributing to early drop-outs 
of learners in e-learning, Tyler-Smith [4] argued that the early drop-outs typically 
occurred due to a cognitive overload experienced by the learners. First-time learners 
deal with multiple tasks contributing to the cognitive load: being able to adopt tech-
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nology, using the learning interface, taking on new concepts and interacting with 
other learners. In another work on MOOCs, Adamapoulos [5] reported that the con-
ceptual difficulty experienced by a learner has a negative effect on the course comple-
tion rate.  

Cognitive load may also be caused by a phenomenon known as the ‘Curse of 
Knowledge’ (COK) [6]. Due to COK, experts often tend to overlook the perspective 
of the novice and end up using unfamiliar or unrelated terms while teaching the main 
concept. For example, if a teacher expert in Unix/Linux casually says that ‘informa-
tion retrieval is a little like the grep command’ in an information retrieval course, 
some learners may not understand what she wants to say. In an online setting, since 
the learners cannot ask questions, they have to pause the lecture and look up the un-
familiar term on the Internet. This involves hunting for information and trying to 
make sense of it in the context of what is being taught. This may further add to the 
learner’s cognitive load.  

Agrawal et al used various spatial and semantic characteristics of the learning ma-
terial to propose a method for assessing comprehension burden in a textbook [7]. In 
another work, Agrawal et al [8] proposed augmenting textbooks with supporting in-
formation to ease the comprehension burden. One can argue that just like textbooks, if 
MOOC learners are provided supporting information for simplification of unfamiliar 
or important concepts at early stages of learning, they can counter the cognitive load 
to some extent. In fact, some studies [9] advocate the use of additional information 
from online resources while learning from MOOCs.  

In a typical MOOC, thousands of concepts appear throughout the course. But 
which of these concepts should one augment? There seems to be no prior work on 
prescribing when augmentation should be provided during a MOOC to ease the bur-
den on the learner. In this paper, we present, to our knowledge, the first attempt to 
measure the augmentation need (AN) for concepts in a MOOC. We specifically 
choose the familiarity of a concept to the learner as a basis for evaluating this need. 
We propose a metric for quantifying the augmentation need to determine whether a 
concept being mentioned needs to be augmented with supporting learning material at 
a given time during the course. In the proposed augmentation need metric, we incor-
porate the effects of the learner’s familiarity with the concept, the importance of the 
concept in a particular lecture and the progress through the course. We report an anal-
ysis of a MOOC for Computer Architecture  using this metric.  

But does augmentation with additional information work towards reducing the 
cognitive load? We present a preliminary controlled experiment with undergraduate 
students in an attempt to answer the following questions: 

1. Do learners of MOOCs need augmentation? 
2. From a Human Computer Interface (HCI) perspective, how do first time 

learners receive such augmentation? 
3. What effect does such augmentation have on the learner’s understanding?  
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2 Augmenting MOOCs 

One can imagine several dimensions of augmentation when it comes to MOOCs. We 
argue that a MOOC could be augmented with additional information such as: defini-
tions to make learners familiar with a concept, explanations to make them understand 
concepts, complementary information (e.g. practical examples when theory is being 
explained), engagement mechanisms (e.g. rewards and challenges) when the lecture 
sounds monotonous, and assessment questions when a concept has been explained. In 
this paper, we focused only on the familiarity of a concept when assessing the aug-
mentation need. For example, when a concept such as grep appears in an information 
retrieval course, it may not be very familiar to most learners. Perhaps a definition and 
an example of grep would help in making the learner understand the concept.  

We make three main observations related to the need for augmentation of a con-
cept during a lecture.  

2.1 The Effect of Familiarity of a Concept  

There are certain concepts in the domain of computer science that are more familiar to 
learners. A concept such as Microsoft Windows being mentioned by an instructor 
hardly needs any supporting information. A concept such as bit perhaps needs some 
introduction to the uninitiated. Advanced concepts such as Re-order Buffer need 
much more supporting information.  

2.2 The Effect of Progress in a Course 

As a course progresses, the learner is likely to know more about a concept. The need 
of the learner to make use of explanatory material may diminish over time. As the 
concept is mentioned more number of times, the augmentation need goes down. 

2.3 The Effect of Importance of a Concept 

A concept such as sparse matrix is important when describing the data structures used 
for information retrieval. But the concept may not even appear in other lectures of the 
course. So the need for supporting information for such concepts may be localized. A 
concept such as corpus may appear in many places in a natural language processing 
course and needs to be understood clearly.  

3 Augmentation Need (AN) Metric  

MOOC video lectures typically have subtitles. These are provided by the instructor or 
are available through crowdsourcing. We used these subtitles as the base for finding 
out what concepts are being mentioned by the instructor. We extracted the concepts 
from the course subtitles that have a corresponding Wikipedia page using the Wikipe-
dia Miner [10] which allowed an accuracy of 75% in identifying Wikipedia links for 
given text [11]. The extracted concepts formed a set of augmentation candidate  
concepts.  
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Fig. 2. Distribution of global familiarity over 5 MOOCs from Coursera 

Figure 1 shows higher GF values for concepts occurring in an introductory lecture 
as compared to those in a more advanced lecture. We found GF scores for concept 
terms in 5 MOOCs from Coursera [12-16] and observed that the GF values are  
distributed in a similar way for all the courses as shown in Figure 2. From this we 
concluded that GF values are a consistent measure of familiarity of concepts. We 
normalized the GF for the concept ci as  

 

where GFmax and GFmin are GF values of the most familiar and the least familiar con-
cepts in the course, respectively. We observed that very familiar terms do not need 
augmentation and they need to be given less importance in the metric. So we further 
shaped the normalized values as an inverted sigmoid curve as shown in Figure 3 for 
obtaining the global familiarity effect Fi for a concept ci in a course using 1   10 0.5  

 

Fig. 3. Variation of familiarity effect Fi with the normalized global familiarity scores  
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3.2 Progress Effect 

For representing progress through the course, we considered the fraction of a concept 
that remained to be talked about at a given point in the course. We proposed a metric 
to denote the progress effect Pi for a concept ci as 1 ,

 

where ni,l-1 is the number of occurrences of ci till the beginning of the lecture l and 
Ni is the number of occurrences of ci in the whole course. The metric has an automatic 
value of 1 for the first lecture as no concept has been talked about yet. Figure 4 shows 
the variation of the progress effect with the frequency of a concept recorded over 8 
lectures.  

 

Fig. 4. Variation of the progress effect over lectures (shown as the line) for a given distribution 
of concept occurrences in those lectures (shown as bars) 

3.3 Importance Effect 

For incorporating the importance of concepts in a given lecture, we used the Term 
Frequency-Inverse Document Frequency measure (TF-IDF) as it is the standard 
measure of importance used in information retrieval [17]. We first calculated the im-
portance impi,l of a concept ci in a given lecture l as  

, ,  

where fi,l is the frequency of occurrences of the concept ci in a lecture l, Li is the num-
ber of lectures in which the concept ci appears and L is the total number of lectures.  
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We further normalized the importance values over each lecture to get the importance 
effect Ii,l for a concept ci in a lecture l as  

, , ,, ,  

where impl,min and impl,max are the minimum and maximum values of importance in 
lecture l, respectively. 

4 Analyzing MOOCs Using the AN Metric 

We analyzed a part of the Computer Architecture MOOC course offered by Prof. 
David Wentzlaff at Coursera [12] using the AN metric. This part has 27 lectures pre-
scribed for a period of 6 weeks. Using the subtitles of the videos, we found 235 aug-
mentation candidate concepts using Wikipedia Miner. We also recorded the time at 
which these concepts appeared in each lecture. We calculated the AN metric for each 
of these concepts in each lecture. We used equal weights in the weighted average in 
the AN metric equation (w1 = 0.33, w2 = 0.33 and w3 = 0.33). We recommended can-
didate concept terms with AN values higher than a threshold of 0.33 amounting to at 
least one effect fully contributing to the AN value. This was done in order to suppress 
the number of augmentation candidate terms.  

4.1 Observations 

Figure 5 shows a partial visualization of the AN values for all 27 lectures in the Com-
puter Architecture (CA) course. This visualization shows the top 10 concepts used in 
the course based on the average of their AN values over all lectures. Each column 
represents a lecture and each row represents a concept. The darker the cell colour, the 
greater is the augmentation need. The line graph at the end shows the variation of the 
AN value over the lectures. We observed that not all concepts are prescribed augmen-
tation for all lectures. Some concepts such as register file are important throughout 
the course. These may need augmentation relevant to the context as the course 
proceeds. Concepts such as Computer Architecture appear early on, but are not pre-
scribed for augmentation during later lectures. Concepts such as Microsoft Windows, 
Linux and Java (not seen in the figure) are not at all prescribed for augmentation.  

 

 

Fig. 5. Concepts with highest average AN values over the whole course 
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(a) Top terms for Week 1 – Introductory lecture 

 

(b) Top terms for Week 2 – Microcoded Architecture lecture 

(c) Top terms for Week 3 – Jumps lecture 

Fig. 6. Variation in the AN of concepts according to specific lectures 

Also, for a given lecture the augmentation plan can be different than other lectures. 
For example, as seen in Figure 6(a), concepts such as Moore’s law are prescribed for 
augmentation in the first introductory lecture. Most of these concepts may not be 
revisited later, but can cause discomfort early on if not familiarized. Figure 6(b) 
shows the top concepts in the first lecture of Week 2 about Microcoded Architecture 
of the CPU. Concepts such as microcode and control unit are important to this lecture 
and are not very familiar concepts. Therefore, they need to be augmented. Similarly, 
as seen in Figure 6(c), concepts such as branching and conditional branching are 
central to the first lecture in Week 3 about Jumps, and need to be augmented.  

We also analyzed the relative contribution of the three effects on the AN value. As 
seen in Figure 7(a), a concept such as pipelining is not very familiar, but is very im-
portant in certain lectures. Though the progress effect diminishes later, the importance 
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of the concept in the later lectures as well as the relative unfamiliarity of the concept 
are high. This causes the augmentation need to increase above the threshold for all 
lectures where pipelining appears. As seen in Figure (b), bit is not very important in 
lectures and is relatively familiar. So its augmentation need is below threshold for 
most lectures.  

 
(a) Pipelining 

 
(b) Bit 

Fig. 7. Contribution of the three effects to the AN metric over the entire MOOC 

5 A Preliminary Experiment with Augmentation 

In earlier sections, we described the need for augmentation and proposed a metric for 
augmentation need specifically to avoid discomfort owing to unfamiliarity with con-
cepts. In order to test whether such augmentation works in practice, we carried out a 
preliminary experiment with 36 undergraduate students studying Information Tech-
nology. We designed an augmentation web interface for one of the video lectures in 
the Natural Language Processing course by Jurafsky and Manning [13], which de-
scribed the concept of term-document matrices used in information retrieval. The 
augmentation interface consisted of the video lecture accompanied by clickable but-
tons with concept names as shown in Figure 8.  
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Fig. 8. Augmentation interface for a MOOC lecture used for the experiment 

The buttons appeared in the side frame as a concept was mentioned, stayed for 10 
seconds and faded away. Clicking the button paused the video and brought up prelim-
inary information such as definition and links for explanation. The learner could use it 
if required and get back to the video by un-pausing it. We gave the augmented video 
to a test group of 19 students and the non-augmented video to a control group of 17 
students. At the end of the 10-minute lecture, the learners appeared for a quiz consist-
ing of 6 questions. They also answered survey questions about the need for, the use-
fulness and interestingness of, and the distraction due to augmentation. They also 
stated which concepts they found difficult. We also recorded the clicks of the learners 
as they used the augmentation information. 

We found that there was no significant difference in the scores of the control and 
the test group. Also there was no significant difference in the perceived interesting-
ness and degree of difficulty of the video between the control and the test group. 31% 
of the test group respondents said that they found the augmentation distracting, while 
89% found it to be useful. 76% of the control group respondents said that they wanted 
additional information during the video. We also found that all the concepts which 
learners had stated to be difficult (corpus, Caeser, grep, matrix, sparse matrix, Unix, 
data structure, string search, Boolean algebra) were suggested as augmentation can-
didates using the AN metric. We observed that though learners in the test group had 
clicked on the buttons for definition, they did not extensively utilize the explanation 
links provided.  

6 Discussion  

Analysis of the Computer Architecture MOOC and the experimental results indicate 
that the AN metric works fairly well in identifying concepts needing supporting  
information. It captures the effects of familiarity, progress and importance on the 
augmentation need and reduces the set of candidate concepts to a manageable set  
for practical use. Due to the interplay of importance and progress effects, locally  
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important terms which have to be understood well are given due importance. Globally 
importance terms also are recognized for augmentation, but the augmentation need 
diminishes over time. Very familiar terms do not receive augmentation, while the 
ones which are unfamiliar do get recommended for augmentation. One can vary the 
weights of the metric to suit the course needs, e.g. reduce the familiarity weight in an 
advanced course that contains difficult terms, so that even the terms which are less 
difficult get augmentation. 

Among the main limitations of this approach, is the use of Wikipedia to estimate 
global familiarity. Concepts for which the global similarity value is not appropriate, 
the AN metric also does not make sense. We recommend using a more robust method 
for assigning global familiarity. Similarly, the use of Wikipedia Miner for recognizing 
concepts is another limitation as inaccurate recognition leads to redundant or incorrect 
concept candidates.  

The results of the preliminary experiment suggest that learners needed augmenta-
tion, but did not specifically use the augmentation interface extensively to reduce their 
cognitive load. So despite the augmentation need being recognized, designing an in-
terface that is intuitive to use and does not distract learners may be the key to reduc-
ing cognitive load.  

7 Conclusion 

In this paper, we presented, to our knowledge, the first attempt at assessing whether 
concepts being taught in a MOOC need supporting information. We proposed an 
augmentation need metric based on the effects of the familiarity of concepts, the 
progress in a course and the relative importance of a concept in a lecture. We also 
presented an analysis of applying the AN metric to a Computer Architecture MOOC. 
We reported experimental results on using augmentation interface with MOOCs. We 
believe that learners need augmentation during MOOCs and the AN metric provides 
MOOC instructors or designers a plan for using supporting information about con-
cepts. We believe that we have demonstrated the utility of the AN metric, but a  
large scale validation is needed to assess it better. We plan to apply the AN metric to 
a large number of MOOCs in order to visualize, compare and contrast course  
characteristics.  
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Abstract. This study aims at exploring how low-achieving EFL learners perce-
ive and make use of the instructional web site to fulfill part of the requirements 
for a college degree. Participants were college students who did not pass the 
threshold of the required level of English proficiency set by the college.    

Online Tutorial English was a one-semester course offered for the above-
mentioned students; they did not come to the class for onsite instruction except 
for the weeks before the mid-term and final exam. Students were provided with 
weekly reading articles and were required to do assignments online. At the end 
of the semester, students were asked to fill out a questionnaire and some stu-
dents volunteered for an interview.  

The researchers analyzed the qualitative data, using Grounded Theory  
Method. Findings of the study showed that low-achieving EFL learners could 
not really be motivated to learn and that the primary aim for those students to 
learn English as a foreign language was to pass the course and get their college 
diploma.  

Keywords: English proficiency threshold, online language learning, low-
achieving language learners, remedial English course. 

1 Introduction 

Modern technologies have made online learning more and more popular and feasible, 
especially in the field of language learning. People may learn different languages 
through communicating with people online. On the other hand, being able to commu-
nicate in the global community has become more and more important for people who 
wish to enrich their life. English has long been the lingua franca of the world. Al-
though some people may claim that social, political, technological, and economical 
changes may alter the status of English as the lingua franca of the world, English is 
still the most widely used language in the global community [1].  

Standardized English proficiency tests, such as Test of English as a Foreign Lan-
guage (TOEFL), Test of English for International Communication (TOEIC), and The 
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International English Language Testing System (IELTS), have been developed to 
measure an individual’s English proficiency. Achieving a certain level of English 
proficiency may be required for admission to a university, employment in a trading 
company or a travel agency, promotion to a higher level of position, and application 
of a scholarship [2].  

In Taiwan, the government has urged college administers to set an English profi-
ciency threshold for a college degree in the hope that college graduates can have basic 
skills to communicate in English and can participate in the global community freely 
and easily. Many colleges in Taiwan have set different levels of English proficiency 
threshold, depending on their students’ general English proficiency and the levels of 
proficiency required in their professional studies and types of their future career. 
However, we may say that some students are not really apt to language learning. They 
may have excellent professional knowledge in a certain field; however, they have 
problems expressing themselves in an international context. For those low-achieving 
students, some colleges in Taiwan offer alternatives for them. It is a general practice 
that those who fail to step across the threshold are allowed to take an English course 
instead. 

This study aims at exploring how low-achieving college students who took a re-
medial English course online to partially fulfill the requirements for a college degree 
perceive learning English online. On the other hand, how English proficiency thre-
shold is practiced in Taiwan and how those students perceive the practice of English 
proficiency threshold. 

2 Literature Review 

In this section, the authors will review two domains of literature relevant the present 
study, namely English proficiency threshold and low-achieving language learners and 
distance learning. 

2.1 English Proficiency Threshold 

As mentioned earlier, in order to prepare students for their future career or further 
studies, the Ministry of Education (MOE) in Taiwan has urged college administers to 
set an English proficiency threshold as one of the requirements for a college degree 
and many colleges have done so. In some of the public and private sectors, achieving 
a certain level of English proficiency is a must before one can be hired. The tendency 
has revealed that the government in Taiwan is eager to actively participate in the 
global community and being proficient in English is the first step for its citizens to 
communicate with people from different countries.  

Chun Shin Limited [2] reported that Japanese and Korean students outperformed 
Taiwanese students on TOEIC in the recent years. The government in Taiwan is 
aware of the importance of its citizens’ being able to communicate and function in the 
global community. In this report, the authors reported some of the effective ways of 
language management practiced in Japanese and Korean educational institutions and 
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private sectors. For example, the Rakuten Global Market in Japan, led by its CEO 
Hiroshi Mikitani, strictly practiced its Englishnization in the organization and had 
developed its language management system, which requires its employees to reach a 
certain level of English proficiency, depending on their position level and their 
chances of using English in their workplace. The government in Taiwan is eager to 
learn from those successful cases to advance its citizens to the global community. 

For those students who have problems crossing the threshold of English proficien-
cy test, many schools offer alternatives. Students may be allowed to take a remedial 
English course instead. Generally speaking, these students are low-achieving lan-
guage learners and they are not motivated to learn English as a foreign language. 
They lack the confidence and the affective factors required to learn a second or for-
eign language. How to motivate low-achieving EFL learners to learn online is even 
more complicated than language teachers can expect, given the fact that teachers can-
not really monitor students learning as they do in the traditional classroom context. 

2.2 Distance Learning 

Distance learning is definitely not new to educators and students. However, as White 
[3] mentioned, due to differences between traditional classroom and online language 
learning environment, learners will face new challenges when they move their lan-
guage learning environment to an online one. These challenges include: 

• There are some immediate demands to adjust to an online language learning envi-
ronment, such as feeling being isolated, problems with motivation and self-
discipline, and the need for effective time management. 

• The absence of teacher mediation and real-time face-to-face interaction requires 
language learners to establish their own set of learning behaviors and manage the 
course of their own learning. 

• Online learning is a self-instruction context and learners need to be more self-
directed and better aware of the process of language learning and the need to man-
age their learning. 

• Online language learning provides learners with a wide variety of learning oppor-
tunities to cross the border to interact and collaborate with physically apart learn-
ers. However, new technologies are constantly developing and new skills need to 
be developed in order to function within technology-mediated language learning 
environments. 

Distance learners need to adjust their learning behaviors in an online learning context 
as mentioned above. The same is true for distance teachers. Chuah [4] urged distance 
teachers to re-design students’ learning experience to attract, inform, and invoke stu-
dents. He argued that, in order to ensure the design can provide students with an en-
joyable e-learning experience, the design of an online course should be entertaining, 
educational, esthetic, and escapist. Chuah argued that the way distance teachers create 
the learning environment may be crucial to motivate students to learn and may contri-
bute to the success of language learning. 
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From the literature reviewed above, we may conclude that online learning is differ-
ent from traditional classroom learning. The present study aims at exploring how low-
achieving language learners perceive online language learning and how they would 
say about their online language learning experience.  

3 Methodology 

In this section, the researchers will first introduce the research paradigm employed 
and the participants involved in the present study. Then they will go on to introduce 
the online language learning course. Finally, they authors will describe how the data 
were collected and analyzed. 

3.1 Research Paradigm 

The present study was developed under the qualitative research paradigm. The re-
searchers followed the Grounded Theory Method (GTM) to collect and analyze data. 
Bryant and Charmaz [5] defined Grounded Theory Method as “a systematic inductive 
and comparative approach for conducting inquiry for the purpose of constructing 
theory….The method is designed to encourage researchers’ persistent interaction with 
their data, while remaining constantly involved with their emerging analyses”. That 
is, for grounded theorists, data are key to research, and researchers do not have pre-
dominant assumptions. Rather, they let patterns or theories emerge from data. As 
stated by Dick [6], grounded theorists do not test hypothesis; rather, they aim to dis-
cover the patterns and theories implicit in the data. 

Approaches to grounded theory method may be slightly different among different 
grounded theorists. However, the principles of grounded theory remain the same. 
Dick [6] sketched the phases through which grounded theorists work:  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Phases of Grounded Theory Method 

In the entire process, researchers may do data collection, note-taking, and coding at 
the same time from the very beginning. After they look over all the data they have 
collected and assign each important part of the data a code, researchers may sort the 
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data based on the similar categories or properties they address. Finally, researchers 
may write the research report up and present findings based on the patterns that have 
emerged from the data. 

3.2 Participants 

The researchers have been offering remedial English courses for those college stu-
dents who failed to pass the English proficiency test required by the school. Partici-
pants of the present study were those students who took Tutorial English with the 
researchers as an alternative to an English proficiency test and they were in different 
academic fields. Students were required to take an official English proficiency test 
before they were allowed to enroll in the course as an alternative. It was because the 
school wanted to make sure that students did try and take an English proficiency test 
at least once. Only those who failed were allowed to take the remedial English course. 
It is obvious that the school was trying hard to encourage its students to take English 
proficiency tests and to improve their communicative skills in English. In order to 
secure the validity and reliability of the present study, the researchers collected data 
for three consecutive semesters. That is, participants of the study were from three 
different groups of students in three different semesters. With a larger group of partic-
ipants, the researchers believe that they could better draw a picture of how low-
achieving language learners perceive online language learning. 

3.3 The Course 

The remedial English course is termed Tutorial English. It is because this is an online 
course. Students did not have to physically attend the class for onsite instruction ex-
cept for two or three designated days. Instructional websites, WebCT and Moodle, 
were organized especially for the course. At the beginning of the web page there was 
technical instruction as to how to register for the website, how to download articles, 
upload assignments, discuss with peer students, etc. Each week, the instructor would 
post articles of students’ interest and challenge students with some questions or as-
signments. Students were required to read these articles and upload their assignments 
or responses to the questions to the website before the date due. Their assignments 
would then be graded and posted on the website and students could check their own 
scores. In order to help students read these articles on their own, the instructor also 
uploaded explanation of vocabulary words, sentences, and important grammatical 
points in PowerPoint files. 

Students might also raise questions relevant to the required readings or ask for 
technical help on the discussion board, and the instructor, teaching assistants or even 
peer students would help answer these questions. Occasionally, words of encourage-
ment, complaint or valuable information would appear on the discussion board. The 
instructor or teaching assistants would also make use of the discussion board to make 
announcements, explain some grammatical issues or share personal experiences of 
learning English as a foreign language with students. 
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3.4 Data Collection and Data Analysis 

The researchers collected data for the present study from different sources, including: 
students’ assignments uploaded to the website, students’ postings on the discussion 
board, oral and written conversations between the instructor and the teaching assis-
tants, open-ended questions responded by the students, interviews with students, and 
the researchers’ field notes. These data were then analyzed, following the steps of 
grounded theory method. The researchers found some patterns emerged from the data, 
which will be discussed in the next section. 

4 Findings and Discussion 

Based on the patterns emerged from different sources of qualitative data, the re-
searchers would like to present findings of the present study as follows. 

4.1 Low-Achieving EFL Learners Are Aware of the Importance of English 
Proficiency in the Modern Society 

From students’ postings on the WebCT or Moodle website and in-depth interviews 
with students, the researchers found that most low-achieving EFL learners agree that 
having a certain level of English proficiency is quite important in the modern society 
even though they themselves have problems learning English. The key here is that 
they are aware that even though they can pass the required English proficiency thre-
shold and graduate, there is still another English proficiency threshold waiting for 
them to attain in their job seeking and future career.  

In the interview with students, most of the students claimed that definitely they 
think that attaining a certain degree of English proficiency is very important for them. 
A graduate student from the department of finance stated that even though they are 
not required to write their M.A. thesis in English, they feel an English version of the-
sis is more prestigious. He also felt it important that in his future career search, he 
may be required to submit his certificate of English proficiency and his level of Eng-
lish proficiency may affect his future promotion.  

 
“I am graduating and I need to look for a job pretty soon. I understand that if I 

want a better job, I definitely need to improve my English.”  
 
Another graduate student from the Department of Electrical Engineering expressed 

his frustration of not being able to publish an academic article in English even though 
his articles had considerable professional values. English proficiency has been his 
greatest barrier in his professional growth. It was quite common that his academic 
papers contributed to professional journals were rejected because of his poor expres-
sion in English. 
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“As a graduate student, I am required to publish my articles in professional jour-
nals in order to get my degree. However, my articles were always rejected with com-
ments such as, poor English, a lot of grammatical errors, etc. 

 
Students’ comments on English proficiency mentioned above showed that students 

did feel a sense of urgency in terms of English proficiency despite that they felt  
frustrated in their learning process. However, feeling an urgency to improve their 
English proficiency is one thing; how they can do with their poor English is another. 
Generally speaking, students felt they could not get immediate reward even though 
they focus their attention on the study of English as a subject. 

4.2 Online Learning Cannot Really Motivate Students to Learn 

From students’ postings on the discussion board, the researchers found that mostly 
students care about their grades, technical problems, and forthcoming exams. Al-
though the researchers encouraged students to post whatever vocabulary words or 
grammatical problems they might have and share their language learning experiences 
with peer students, such kinds of postings were seldom found in the discussion board. 
Mostly students cared about whether or not they can pass the course and get their 
degree.  

An overview of students’ postings on the discussion board, the researchers found 
that almost 90% postings were relevant to technological problems, inquiries of as-
signments and assignment-related questions, grades assigned to them, texts to be cov-
ered on the exams, and excuses for being uploading assignment late.  

 
“How come I didn’t get my grade for the 3rd exercise?” 
“I had problems uploading my assignment for this week. Can I turn in a hard-copy 

instead? Please!” 
“Dear teacher: Please double check my grade for the mid-term. I felt I deserved 

more points.” 
 
Only about 10% of the postings were relevant to grammatical issues, vocabulary 

words, and language learning strategies. It is obvious from the phenomenon that being 
able to pass the course was students’ upmost goal. Although online learning can pro-
vide learners with more freedom to learn, this alone is not sufficient to engage stu-
dents in the learning environment. Students were seeking whatever may benefit them 
in their learning process. For example, they may hope they can develop friendship 
with learning partners and help each other with their learning of English. 

4.3 Students Care More about Their Professional Study Than about Learning 
English 

In the interview with students, the researchers found that students obviously priori-
tized their professional study. They felt that their professional knowledge can really 
help them in their future professional career. There are a lot of professional areas to 
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be covered in their curricula and English is regarded as a plus to their academic 
achievement. This is most obvious in the science fields. The class roster showed that 
70% of the students who took Tutorial English were science majors, and only 30% of 
the students were social science majors. 

Science majors, especially, devoted most of their time to the study of their profes-
sional subjects. In the interview with students, most of the science majors mentioned 
that they have well-achieved their professional studies, such as computer science, 
physics, electrical engineering, etc. However, they have problems expressing them-
selves in English and have problems getting their articles published in professional 
journals. For them, reading professional textbooks written in Chinese is much easier 
than reading articles written in English. An electrical engineering major mentioned in 
an interview that, although it is not uncommon for college professors to assign Eng-
lish textbooks for students to read, students tend to buy a Chinese version of the text-
book to help them understand the professional messages. 

 
“Can anybody tell me what will be on the final exam? I am sorry I didn’t attend 

the onsite final review class because I had an important meeting with my Chemistry 
professor.” 

“Dear teacher: I am sorry I will not be able to attend your review class tomorrow 
because I have an important exam on Physics tomorrow. Could you please let me 
know what will be covered on the final exam?” 

 
It may be clear from here that professional subjects weigh heavily on students’ 

mind, compared with English as a subject. It may be because students feel they can 
have considerable immediate rewards, such as higher grades and professional growth, 
if they focus on their professional subjects as mentioned earlier. For them, English is 
but an academic course and they have a lot of professional courses to take. Improving 
English proficiency may take time and require long-term planning. It is a great chal-
lenge for language teachers to heighten students’ language awareness and to draw 
students’ attention that English, as a lingua franca, can function in a variety of ways, 
such as helping professional growth. 

5 Conclusion and Recommendations 

From findings of the present study mentioned above, the researchers would like to 
conclude that low-achieving EFL learners are aware of the importance of English 
proficiency in their career. However, these same learners lack confidence required to 
improve their English proficiency. Some students may have considerable professional 
knowledge in a specific field, such as computer science, statistics, or chemistry; how-
ever, they feel they are not apt to language learning. 

Another issue found in the present study was that online language learning is not 
necessarily effective for low-achieving language learners. Creating an enjoyable  
and effective online learning environment may be the key to motivating students to 
learn. An environment of learning community may provide students with a sense of 
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participation. In the virtual community, students may help each other in their learning 
process and students will not feel alone and isolated. Wang [7] pointed out that online 
learning should be beneficial to all participants and distance teachers should create an 
optimal learning environment to ensure effective language learning to occur.  

Findings of the present study showed that most of the students cared about their 
professional studies. The researchers would like to suggest that online language learn-
ing curricula may incorporate with English for Specific Purposes (ESP) to meet low-
achieving students’ needs. In this case, students may secure their professional studies, 
and improve their English proficiency at the same time and they may feel particularly 
rewarding to learn English online.  
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Abstract. Various undergraduate and post graduate educational bodies, now a 
day, employ blended learning systems to complement the face to face commu-
nication between educator and learner. While E-learning tools in general have 
been found to improve access to resources, these tools need to be reliable and 
usable; the ease of use of E-learning would have a meaningful impact on the 
learning experience.[1]  

This paper investigates learners' perception of quality and willingness to use 
of E-learning environments. It also explores the attitude of users from two dif-
ferent cultural groups towards a number of E-learning sites. The paper aims to 
reveal some of the perception of quality for these groups of users in interacting 
with learning virtual communities.  

In September/ October 2013, series of card sorting sessions were conducted 
with number of learners enrolled in a joint venture European-Arab Master Pro-
gram. In the individual sessions, each participant was asked to look at card of 
selected E-Learning sites, and to choose a single criterion by which the E-
learning main pages could be differentiated from one another. Cards were then 
sorted based on different categories under each criterion. Participants repeated 
sorting the cards according to criteria and categories they generated. A second 
round of sorting sessions were conducted by the same participants, where they 
sorted the same cards according to the Willingness to Use criterion, and pro-
vided a reason for the sorting decisions made.  

The analysis of the card sorting sessions reveals some interesting findings 
concerning interface elements which seem to be salient for users in E-learning 
environment, such as: Interface Comprehensibility and Obviousness, Content 
Usefulness, and Site Affiliation and Reputation. Some differences in quality 
perception were also found between the two cultural groups.      

This paper makes a contribution to universal access in HCI by describing the 
quality perception, preferences, and general attitude for different group of users 
in the context of E-learning environment.  

Keywords: E-learning, Assessing User Attitude, Card Sorting. 

1 Introduction 

Recent E-learning environments employs Internet communication technology to add 
the feature of asynchronous learning activities, and customization of instruction and 
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assessment, it serves to facilitate a simultaneous independent and collaborative learn-
ing experience.[2] Bended learning environment can build an online community 
where forums can be held to better support the learning process. 

Modern E- learning education programs enable learners to gain knowledge, at least 
in part, through online delivery of materials and instructions, while empowering 
learners with some components of individual control over time, path, and/or pace.[2]  

Nevertheless, little study looked at learners' attitude and satisfaction in E-learning 
environments or their subsequent use. Additionally, while online communities are a 
suitable venue for assessing Multi-Cultural user attitudes, little research has looked 
into this issue in the learning context.  

This paper looks at the case of a Multi-Cultural Blended Leaning community, a 
European-Arab Master's Program, jointly provided by an Educational Institute in 
central Europe and a faculty of Education in an Arab country. The purpose of the 
master program is to develop and to provide managerial skills as well as competencies 
for cross-cultural challenges in education management. The paper aims to unfold 
some general user attitude matters for different cultural groups of users in the context 
of E-learning environment.  

2 Method 

2.1 The Card Sorting Technique 

Some researchers [3] suggested that studying human perception of information sys-
tems starts with exploratory studies to generate hypotheses based on authentic partici-
pants’ preferences. Card sorting technique is a recommended method for investigating 
criteria by which users evaluate web pages; it discovers users' understanding of quali-
ty features and design of interactive web-based systems.[4]  Categories based on 
which cards are sorted highlight what seems to be significant for the users, hence 
generating mature research hypotheses. 

Repeated Single Criterion Sort Sessions were conducted, where participants are 
asked to select a criterion by which the main page could be distinguished from one 
another, using the main page cards. Having named the sorting criterion, categories for 
this criterion are identified and cards are sorted accordingly.  This sequence is re-
peated until the participants could think of no more criteria. Criteria and categories 
that are most frequently selected by the participants reveal which web site design 
features are most noticed, hence reflect participants’ perception about web site eval-
uation.[5] 

Forced Sort Sessions were conducted by the same participants, where they sorted 
the same cards according to the criterion: “I would/would not use this site”. Having 
sorted the cards according to this criterion, participants were asked to provide a rea-
son for the sorting decisions made.  

2.2 The Participants 

Card sorting techniques can result valuable insights with a relatively small sample.[6] 
Thirty educators (fifteen Egyptians and fifteen Germans) doing their post graduate 
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studies using a Blended Learning joint program participated in card sorting sessions.  
Gender was equally distributed with fifty percent females in both groups. The sample 
age range varies from 30 to 45, with 50% under 40. All participants were regular In-
ternet users, used the Internet for social networking, educational, and professional 
development purposes.  All participants owned a very good English language, with 
which they communicate online, and use English language materials and web sites. 
English language proficiency is a requirement for joining the joint program, for both 
Germans and Egyptians. 

2.3 The Instrument  

In sorting techniques, working with higher hierarchy, such as site’s main page, would 
generate more general categories.[6] In the current research, as general insights are 
acquired, pictures of main pages of educational sites were used for the sorting tasks. 
The main page illustrates major site's features and category of contents.  

2.4 Selecting Educational Sites 

Nine E-learning sites were chosen for the sorting study, this number complements the 
range of items, between eight and twenty, recommended in sorting sessions.[7] Se-
lected E-learning sites includes Web 2.0 open access sites, such as: Khan Academy 
(khanacademy.org), UNESCO open training platform (opentraining.unesco-ci.org), 
and TrackStar4Teachers (http://trackstar.4teachers.org). Restricted access sites were 
also used, such as: Epsilen (corp.epsilen.com), AUC Blackboard+Learn (black-
board.aucegypt.edu). The nine sites included different options of materials categoriza-
tion, search features, and different interface styles.  

Images of the main page of selected sites were captured in November 2013, 
cropped on the same size and brightness, and high quality colored printed on A4 
white paper. Pictures were numbered to make sorting results easier to record.  Printed 
pictures were then covered with hard plastic covers. Participants are allowed to spread 
cards out wide on a large clear desk during the session. 

2.5 Sorting Sessions Administration 

During the months of November and December 2013, card sorting sessions were con-
ducted by the researcher in individual sessions. Each session started with an orienta-
tion in which written instructions concerning the purpose, duration, and steps of the 
session were discussed with the participant. A short orientation on card sorting tech-
nique was introduced using cards from different domain.  Each participant tried sort-
ing until feeling comfortable to start the formal sorting session. Following, the nine  
E-learning main page cards were presented to the participant. 

In the individual sessions, each participant was asked to look at the main page 
cards and to choose a single criterion by which the E-learning main pages could be 
differentiated from one another. Cards were then sorted based on different categories 
under each criterion. Participants repeated sorting the cards according to criteria and 
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categories they generated, until they could think of no more criteria. This procedure 
was repeated until the participants could think of no more criteria. Sorting criteria, 
categories, as well as comments on the perception towards the site were all noted by 
the researcher during the session.  

A second sorting session was conducted with the same participants, where they 
sorted the same cards according to the criterion: “I would/would not use this site”. 
Participants were asked to provide a reason for the sorting decisions made. 

3 Data Analysis 

Card sorting result analysis was based on the examination of criteria count, textual 
analysis, as well as cluster analysis.  

3.1 Frequency Analysis for the Repeated Single Criterion Sort  

Commonality of criteria is the main source for data analysis in card sorting. Common-
ly selected criteria are recommended to be most salient interface elements for partici-
pants.[7] Frequency analysis looked at criteria communality, where criteria names of 
same meaning were grouped into a common single super-ordinate construct. Table 1 
below shows super-ordinate constructs sorted descending by selection frequency. 

Table 1. Super-ordinate constructs sorted by selection frequency 

 
Super-Ordinate Construct 
 

German 
Participants 

 (total: 15)  

Egyptian 
Participants 

(total: 15)

All Partici-
pants (total: 30) 

General Interface Appearance  13 – 87% 14 – 93% 27 – 90% 
Content Usefulness 13 – 87% 12 – 80% 25 – 83% 
Site Affiliation and Reputation 8 – 53% 14 – 93% 22 – 73% 
Content Quality  11 – 73%  7 – 47% 18 – 60% 
Familiarity with the Site 4 – 27% 8 – 53% 12 – 40% 
Online Help 4 – 27% 6 – 40% 10 – 33% 
Search method  4 – 27% 1 – 7% 5 – 17% 

According to Table 1, for the overall participants of the sorting session, the most 
salient E-learning site features were General Interface Appearance, Content Useful-
ness, Site Affiliation and Reputation, and Content Quality. 

The General Interface Appearance was the criterion selected by the highest ma-
jority (90%) of the overall participants (14 out of 15 Egyptians and 13 out of 15 Ger-
mans). This suggests that Interface is a highly salient feature for this group of users. 
In defining the General Interface Appearance criterion, most of the participants (21 
out of 30) used two categories: Comprehensive/ Straightforward/ Obvious versus 
Unclear/ Complicated/ Obscure. Some participants (18 out of 30) used another two 
categories: Neat/ Structured/ Organized versus Disordered/ Crowded/ Messy. Few 
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participants (6 out of 30) used three categories: Appealing Interface/ Attractive versus 
Acceptable/ Somehow Attractive and versus Poor/ Un-Attractive. Other Few partici-
pants (4 out of 30) used two categories: Professional versus Non-Professional.  

Two criteria selected by the participants are concerning the content of the  
E-learning main page; those are Content Usefulness and Content Quality.  While Con-
tent Usefulness ranked the second most frequently selected criterion (chosen by twen-
ty five, 83%, of participants, and almost equality selected by the two cultural group); 
Content Quality was ranked the forth most frequently selected criterion (chosen by 
eighteen, 60%, of participants, and seems to be of more importance to the German 
participants as it was selected by 73% of Germans and only 47% of Egyptians).  

According to participants, Content Usefulness criterion refers to the participants’ 
perception of how relevant is the displayed material to their work/ interest as well as 
their professional development goals.  Most of participants defined the Content Use-
fulness criteria by using two categories: Relevant Material/ Helpful Content/ Useful 
Information, versus Of Little Relevance/ Not Sufficiently Helpful/ Barely Useful.  

On the other hand, for the participants, Content Quality criterion refers to the par-
ticipants’ perception of how updated, well structured is the content, as well as the 
amount of advertisement embedded within.  Most of participants defined the Content 
Quality criteria by using three categories: Updated/ Well-Structured Materials versus 
Barely Updated/ Somehow Structured, and versus Outdated/ Junk. Few participants (4 
out of 30) used two different categories concerning the advertisements load in the site, 
such as: Advertisement Free versus Distracting Advertisements. It could be argued 
that there is a substantial overlap between the two criteria: Content Usefulness and 
Content Quality, as they are both concerned with the perception of quality of mate-
rials included in the E-learning site, and its relevance to the participants need.  

The Site Affiliation and Reputation was the third most frequently selected criterion 
(chosen by twenty two, 73%, of participants, and seems to be of more importance to 
the Egyptian participants as it was selected by 93% of Egyptians and only 53% of 
Germans); Site Affiliation and Reputation criterion refers to the participants’ percep-
tion of site reputation and its affiliation name and recognition. Most of participants 
defined the Site/Affiliation Reputation criteria by using two categories: Well Known 
Site/ Site maintained by a Reputable Affiliation-Institute/ Trustworthy, versus Un-
heard of Site/ Unknown Owner of the Site/ Untruthful.  

When looking at differences between the German and Egyptian participants in 
terms of criteria and categorizations generated, it could be suggested that the Egyptian 
participants give more weight to the affiliation of the site, as well as the degree of 
their familiarity with using the site before. While it could be suggested that German 
participants focus more on content quality and usefulness.  

Rag Bag categories, such as “not sure” and “don’t know” appear rarely, same for 
the categories of “not applicable”. This suggests that the uncertainty of participant 
was relatively low.[3] 

On the other hand, there was a significant absence of some expected criteria, such 
as: Level of Interactivity, User Control, and Feedback features; such features are sug-
gested to affect the user attitude towards E-learning sites.[8] This absence is one of 
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the limitations of static card sorting technique, where no interactive features can be 
explored by the participants during the session. 

3.2 Frequency Analysis for the Forced Sort  

In the forced session, participants were asked to sort the same cards based on the cri-
terion: “Sites I am willing to use / Sites I am not willing to use”, and to provide one or 
more reason(s) for their choice. Reasons of same meaning were grouped into a com-
mon title. Frequency and commonality of reasons provided by the participants for 
their sorting choices were analyzed, while distinguishing between the two cultural 
groups of participants. 

As listed in Table 2 below, main page Interface Obviousness and Comprehensibili-
ty was the most common reason for willingness to use the site, for thirteen out of  
fifteen of Germans and for thirteen out of fifteen of Egyptians.  In total, for 87% of 
the thirty participants, the obviousness and comprehensibility of the interface of the 
main page card, was the factor that generates a willingness to use the E-learning site.  

Content Usefulness was ranked as the second highest reason for willingness to use, 
selected by 73% (twenty two out of thirty) of overall participants; followed by Site 
Affiliation and Reputation, selected by 67% (twenty out of thirty); While Content 
Quality was selected by only 57% (seventeen out of thirty) of overall participants. 

Some differences were found while comparing the preference of use between the 
two cultural groups. For the German participants, Content Usefulness was ranked as 
the second highest reason for willingness to use, selected by 80% (twelve out of fif-
teen) German participants; Followed by Content Quality, selected by 67% (ten out of 
fifteen) participants of this cultural group; While Site Affiliation and Reputation was 
selected by only 53% (eight out of fifteen) German participants. 

Table 2. Reasons for Willingness to Use 

Stated Reasons for Willing to Use 
an E-Learning Site from a Site  

German  
Participants 
(total: 15)  

Egyptian  
Participants 
(total: 15) 

All Partici-
pants  

(total: 30) 
Interface Obviousness and Com-
prehensibility 

13 – 87% 13 – 87% 26 – 87% 

Content Usefulness 12 – 80% 10 – 67% 22 – 73% 
Site Affiliation and Reputation 8 – 53% 12 – 80% 20 – 67% 
Content Quality 10 – 67% 7 – 47% 17 – 57% 

 
For the Egyptian participants, Site Affiliation and Reputation was ranked as the 

second highest reason for willingness to use, selected by 80% (twelve out of fifteen) 
Egyptian participants; Followed by Content Usefulness, selected by 67% (ten out of 
fifteen) participants of this cultural group; while Content Quality was selected by only 
47% (seven out of fifteen) Egyptian participants. 
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3.3 Cluster Analysis 

A complementary qualitative analysis technique for card sorting results was con-
ducted using cluster analysis. Custer analysis establishes categories based on commo-
nalities between categories selected by multiple participants.[7] In this research,  
cluster analysis was done using computer aided software that indicates the degree of 
category relatedness between items by a tree structure. The shorter the path traced 
between two items through the tree, the more likely the items are to belong to the 
same category. This is done by providing a means of calculating the strength of the 
perceived relationship between pairs of cards based on how often members of each 
possible pair of cards are sorted into a common group by multiple participants.[7]  

Fig. 1 illustrates the cluster analysis of the forced sort “Willing/ Not Willing  
to Use”. Each branch on the left hand side connecting two sites indicates that the ma-
jority participants grouped the sites together. The branch on the right hand side con-
necting groups of sites indicates that no participants grouped the items together.  
According to the current results, clusters are classified as following: Cluster 1: Khan 
Academy, UNESCO Open Training and Epsilen. Cluster 2: TrackStar, IEarn, AUC 
Learn+, Google for Educators, BCIT, and MIT OpenCourseWare. 

 

Fig. 1. Cluster Analysis for Forced Card Sorting 

According to cluster analysis of the forced sorting session, three E-learning sites 
are more likely to be used. The remaining E-learning sites are less likely to be used. 
The following section examines the reasons provided by the participants for their  
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willingness to use these three sites. The following section also analysis the results of 
the two sorting sessions together to investigate whether these three E-Learning sites, 
which are more likely to be used, share some categories and criteria in the first sorting 
session. 

4 Results 

Sorting results from both sessions were examined to investigate whether there were 
any features that distinguished the sites where participants were more likely to use, 
from those which participants were less likely to use. This is done by examining the 
commonality of categories and criteria associated with the three sites participants 
were more likely to use, and whether these three sites were categorized together ac-
cording to any of the other sort criteria. As indicated in Table 3, the “Willing to Use” 
sites appeared to share a lot of the same salient features. These sites generally are 
Comprehensive, Organized, with Helpful Content and Well Known sites. Features 
such as Appealing Interface, Attractive, Professional, and Updated are shared in the 
“Willing to Use” and “Not Willing to Use” sites without any suggested effect on the 
willingness to use.  

The General Interface Appearance criterion wholly predicted membership of the 
“Willing to Use” and “Not Willing to Use” category. This criterion correctly pre-
dicted the outcome for all sites. Participants were willing to use sites categorized as 
Comprehensive and organized, and they were unwilling to use any of the sites catego-
rized as Unclear and Messy.  

The Site Affiliation and Reputation criterion correctly predicted the outcome for all 
but one of the sites. Participants were willing to use all of the sites categorized as 
Well Known Site and Trustworthy, and they were unwilling to use any of the sites 
categorized as Unheard of Site, except one site.  

Table 3. Analysis of the Site Willingness to Use versus Criteria and Categories 

Site  Willing/ Not 
willing to use 

General Inter-
face Appearance

Site Affiliation/
Reputation 

Content 
Usefulness 

Khan Academy Willing to Use Comprehensive Well known Helpful 
UNESCO Open Training Willing to Use Comprehensive Well known  Helpful 
Epsilen  Willing to Use Organized Trustworthy Helpful 
TrackStar Not Willing to Use Messy Unheard of Not Helpful 
IEarn Not Willing to Use Unclear Unheard of Not Helpful 
AUC Learn + Not Willing to Use Unclear Unknown  Not Helpful 

Google for Educators  Not Willing to Use Messy  N/A  N/A 
BCIT Not Willing to Use Messy Unknown Not Helpful 
MIT OpenCourseWare Not Willing to Use Unclear Unknown  Not Helpful 
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The Content Usefulness criterion correctly predicted the outcome for all but one of 
the sites. Participants were willing to use all of the sites categorized as Helpful Con-
tent, and they were unwilling to use any of the sites categorized as Not Sufficiently 
Helpful, except one site.  

Although some differences were suggested between the German and Egyptian par-
ticipants when analyzing the two sorting sessions separately, no differences was 
found when analyzing the results of the two sorting sessions together. Thus the sys-
tematic integration of the two sorting session results can not suggest any effect of 
participant’s culture on the willingness to use. Still, such cultural difference is hig-
hlighted in Table 2, based on the reasons given by the participants themselves for 
their willingness to use an E-learning site. 

5 Discussion 

This paper explores the attitude of users from two different cultural groups towards E-
learning environment. Two card sorting techniques were conducted to investigate 
criteria by which users evaluate web sites. First: Repeated Single Criterion Sort Ses-
sions, where participants selected a criterion to differentiate between cards of main 
pages, categories for this criterion are identified and cards are sorted accordingly.  
Second: Forced Sort Sessions, where same participants sorted the same cards accord-
ing to the criterion: “I would/would not use this site”, reasons for this decision were 
given. 

As reported in the previous sections of this paper, the analysis was done on four 
steps, while distinguishing between the two cultural groups of participants. First: Fre-
quency analysis of commonly selected criteria as illustrated in Table 1. Second: Fre-
quency analysis of commonly given reasons for willingness to use as illustrated in 
Table 2. Third: Cluster analysis to identify categories commonalities for cards where 
participants are willing to use as showed in Fig. 1. Forth: Analyzing the commonality 
of criteria associated with the sites more likely to be used as listed in Table 3.  

The results of the four types of analysis consistently suggest that for the overall 
participants the most salient E-Learning site feature is General Interface Appearance, 
namely  Interface Obviousness and Comprehensibility. The obviousness and compre-
hensibility of the interface are the factors generating a willingness to use an E-
Learning site. Participants were willing to use all sites categorized as Comprehensive 
and organized, and they were unwilling to use any of the sites categorized as Unclear 
and Messy.  

Content Usefulness is the second most salient feature, ranked as the second highest 
reason for willingness to use an E-Learning site. Participants are more willing to use 
sites with Helpful Content.  

The Site Affiliation and Reputation was the third most frequently selected criterion, 
and the third most cited reason for using an E-Learning site. It refers to the participants’ 
perception of site reputation and its affiliation name and recognition. Participants were 
willing to use all of the sites categorized as Well Known Site and Trustworthy.  
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These finding are consistent with one of the most influential and widely used mod-
el of IT adoption, the Technology Acceptance Model (TAM).[9]  The model posits that 
perceived usefulness and perceived ease of use are significantly correlated with sys-
tems use. Where perceived ease of use is defined as the degree to which a person 
believes that using a particular system would be free of effort and perceived useful-
ness is the degree to which a person believes that using a particular system would 
enhance his or her performance.[9]  

On a similar context, TAM was used to understand factors that lead to technology 
adoption in five Arab countries. [10] This research suggested that the two main va-
riables of TAM, ease of use and perceived usefulness, might aid in the adoption of IT 
in the Arab world. 

Other features were reported of importance to participants also affecting the wil-
lingness to use decisions, such as Content Quality, and Familiarity with the web site. 
Nevertheless, these two features were not consistently confirmed by the four types of 
results analysis. 

On the other hand, some differences were found between the German and Egyptian 
respondents.  While the Egyptian participants give more weight to the affiliation of 
the site, as well as the degree of their familiarity with using the site before; German 
participants focus more on Content quality and Usefulness. Still, these differences 
were not confirmed by the four types of results analysis, which contradicts with some 
previous research [11, 12] suggesting cross-cultural differences of systems use, especial-
ly within cultures from different cultural groups.[13]   

6 Conclusion 

The various analysis techniques employed in this study consistently suggest that the 
Interface Obviousness and Comprehensibility, followed by the Content Usefulness, 
and finally the Site Affiliation and Reputation, represent respectively the most salient 
features affecting the participants' attitude towards E-learning sites. These features, 
with the same order of importance, are suggested to be driving reasons for the partici-
pants' willingness to use the sites.  

The fact that same findings have been acquired with different sorting sessions and 
with various analysis techniques, suggests that these features shape learners' attitude 
and satisfaction in E-learning environments and their subsequent use of such tools.  

While some differences were highlighted concerning the preferences of partici-
pants from two cultural groups; nevertheless, the current study could not suggest a 
consistent effect of culture on user attitudes and preferences. Future research would 
like to address such important factor in the E-learning context.  

In summary, the results of the current study suggest some important factors that 
tend to be associated with E-learning sites for the targeted group of participants. Ease 
of Use, Content Usefulness and Site Reputation are suggested as salient components 
of building positive attitude and willingness to use towards an E-learning site. Future 
research would build on these findings to investigate any possible inter-relationships 
between them.  
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7 Limitations 

The use of static images of selected sites as sorting materials could be considered as 
limitation of card sorting technique in general. The use of images excludes many 
effects of the dynamic aspects of a web site such as Interactivity. Some interface fea-
tures may only become important to users once they interact with the site. Some stu-
dies suggest an effect of Interactivity on user attitude and performance improvement 
in E-Learning context.[8] Therefore, a future research, allowing participants to inte-
ract with the E-learning sites, would complement the finding of the current study. 

On the other hand, in this study, while cluster analysis was done using computer 
aided software; collecting participants' data during card sorting sessions were admi-
nistered manually by the researchers. To eliminate bias, a computer program would 
be used by card sort participants to sort digital cards instead of physical cards. This 
computer program can also generate card list and enter existing card sort result from 
individual participants.  
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Abstract. This study presents results from an analysis of the relationship be-
tween humanoid robots and human creativity, which has not been demonstrated 
in the literature to date. To increase the academic rigor of our study, we adopted 
humanoid robots and their avatars in our experimental procedures. After partic-
ipants engaged in experiments with humanoids and their avatars, we assessed 
the degree to which their levels of creativity changed. In experiments with 90 
participants, we found that interactions with humanoid robots produced a statis-
tically significant effect in increasing their creativity. 

Keywords: Creativity, Creativity training, Human-robot interaction. 

1 Introduction 

In our competitive modern society, creativity has become an increasingly important 
factor in innovative development for individuals and society. For example, many 
researchers have shown that creative individuals were reported to be more productive 
and satisfied with their occupations [1]. Also, creativity within organizational and 
professional domains has been a popular subject of inquiry for managers and re-
searchers. According to the research of Littleton et al., creativity enables workers to 
be more flexible and entrepreneurial within their organizations [2]. Thus, the presence 
and performance of creative people is essential to every organization, whether in the 
public or private sector, because their ability to invent, dream, problem solve, craft, 
and correspond in fresh, new ways is vital to organizational success [3]. Therefore, it 
is expected that enhancing an individual’s creativity will enhance the performance of 
groups and organizations. If so, how can we improve individual creativity? 

Training is one of the most common methods used to enhance creativity [4]. Crea-
tivity training tasks are based on the belief that creativity requires an environment that 
encourages risk taking and self-initiated projects and offers help and time for develop-
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ing ideas and individual effort. Previous studies have suggested several methods for 
enhancing creativity, among which are those intended especially for concrete prob-
lem-solving situations, including: brainstorming [5], verbal check-lists [6], picture 
stimulation and mind mapping [7]. Higgins [8] has also provided many methods to 
enhance creative problem solving. The purpose of many of these techniques is to 
generate ideas by using different types of games or tasks in order to suppress the 
common tendency to criticize or reject ideas.  

Since evidence of the importance of creativity was first reported by researchers, 
many programs have been developed that use creativity training tasks to enhance 
individual creativity. Several researchers have reported the effectiveness of robot-
mediated training in enhancing individual creativity, as well as the advantages of 
using robots in education [9, 10, 11, 12, 13]. According to Hwang and Lee [14], a 
dinosaur shaped robot had no significant effect on creativity enhancement, but the 
robot’s avatar enhanced subjects’ creativity. Likewise, in mediated creativity training, 
the level of creativity was found to be influenced by the type of mediator. 

According to the research by Amabile [15], one more consideration in mediator-
based creativity training is the fact that the presence of others can affect creativity. 
When the ‘presence of others’ is a mediator in the form of a robot, this can affect an 
individual’s creativity. As Zhuo [16] reported, individuals who have high levels of 
creativity will be discouraged when they are with someone who is monitoring them, 
while the opposite occurs in the case of a person with low levels of creativity. There-
fore, research should be conducted to understand the effects of the mediator’s pres-
ence. 

Until now, we have investigated the importance of individual creativity, tasks to 
improve creativity, mediator-based creativity training and the effect of another’s pres-
ence on creativity. In this paper, we investigated the effects of the presence of a hu-
manoid robot and its avatar on individual creativity in the performance of a task. The 
hypotheses developed in this research are: 

─ Hypothesis 1: A humanoid robot will enhance subjects’ creativity in task perfor-
mance. 

─ Hypothesis 2: A humanoid avatar will enhance subjects’ creativity in task perfor-
mance. 

─ Hypothesis 3: Enhanced creative task performance will differ between the humano-
id and its avatar. 

─ Hypothesis 4: Highly creative people will be discouraged when they are with the 
robot or the avatar. 

─ Hypothesis 5: People with low creativity will be encouraged when they are with 
the robot or the avatar. 

2 Literature Review 

Creativity. Hennessey & Amabile [17] stated that: “Creativity involves the develop-
ment of a novel product, idea, or problem solution that is of value to the individual  
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and/or the larger social group”. Creativity is also defined as the production of original, 
unexpected and useful work [18]. Following these definitions of creativity, it seems 
that creativity and creative skills have become regarded as highly important in almost 
every field of work and education, especially those fields focused on creativity en-
hancement. 

It has been demonstrated that creativity can be enhanced, and training has been 
used to achieve this. According to meta-analyses, creativity training is generally ef-
fective. Many methods are used in the work and education fields, but before applying 
them, we need to know how creativity is enhanced. 

Pioneers in creativity research have come to share similar views, that creativity re-
quires certain components, one of which is intrinsic motivation [18, 19]. Intrinsic 
motivation is considered a well-established predictor of creativity [20], and is the 
extent to which an individual is interested in a task and engages in it for the sake of 
the task itself [21]. Therefore, in this research, we measured the results of training on 
creative task performance according to the degree of the subjects’ intrinsic motiva-
tion. To control for differences in personal creativity, we measured subjects’ creativi-
ty levels (high, low) before the experiment, then analyzed the effects of creativity 
training by changes in their post-experiment levels of creativity. We also assessed the 
effect on creativity of the type of mediator. 

Mediator-Based Creativity Training. In this paper, we used two types of mediators 
(robot and avatar) in creativity training. Since technology was introduced into the 
field of education, robots have been adopted to promote individual creativity. Several 
previous studies have introduced robot- mediated creativity education and demon-
strated its effectiveness. Research with the Thymo robot found that this robot partly 
fulfilled the goal of promoting creativity. Because of its flexible characteristics sever-
al other researchers have used Lego Mind Storms to investigate individual creativity 
[13, 14].  

The majority of previous research has employed the concept of experimental learn-
ing, which is described as: “The process whereby knowledge is created through the 
transformation of experience” in [22]. Therefore, students were able to promote crea-
tivity while engaging in robot-related tasks.  

This study builds on previous work, but we addressed several distinctive features 
by comparison to previous research. First, we used two types of mediators: a robot 
and the robot’s avatar. We used avatars because they are well known mediators in 
education and creativity training and also because they have flexible characteristics. 
Thus, by using both robot and avatar mediators, we were able to investigate the effect 
of mediator type on creativity training; to focus on the effects of the presence of the 
two types of mediators, we chose to match the avatar’s and robot’s appearance. Final-
ly, a control group that had no mediator was used to investigate the training effect 
itself. 
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3 Experiment 

Participants. 94 student participants were recruited via online advertisements and 90 
of those were accepted. There were 38 males and 52 females who ranged in age from 
20-32 years (mean = 23.31, SD = 2.56).  

All participants first completed the Epstein Creativity Competencies Inventory for 
Individuals (EEC-I) to measure self-assessed individual creativity. The EEC-I is com-
posed of 28 Likert 5-scale items (lower is better), and we used the scores as a criterion 
to group the participants. First, we divided them into two groups based on their crea-
tivity scores (low, high). Second, we set three conditions (None-NAO-Avatar) in each 
group already divided according to creativity. Participants were placed in these three 
groups, with each group having similar creativity scores. Finally, we divided all par-
ticipants into six groups on the basis of high and low creativity and the three experi-
mental conditions. 

Table 1. Participants Group 

Participants 
groups 

Experimental conditions 
None NAO Avatar 

High 
creativity score 

14 participants 
Mean : 74.07 

SD : 9.19 

15 participants 
Mean : 74.47 

SD : 8.65 

15 participants 
Mean : 74.53 

SD : 6.45 

Low 
creativity score 

16 participants 
Mean : 95.59 

SD : 7.58 

15 participants 
Mean : 95.8 

SD : 7.20 

15 participants 
Mean : 95.38 

SD : 9.27 

Measures. To verify the influence of another’s presence on creative performance, we 
designed two tasks based on the Torrance Tests of Creative Thinking (TTCT) verbal 
task and Consensual Assessment Technique (CAT). TTCT is the most well-known 
and widely used test to measure creativity (Baer, 1993; Kim, 2006; Ferrando, 2006; 
Wechsler, 2002). TTCT has 4 indicators: fluency, flexibility, originality, and elabora-
tion. CAT provides a method to judge the creative content of, for example, stories and 
poems. CAT is one of the most powerful tools in assessing creativity (Kaufman et al, 
2006). We accepted and revised the TTCT and CAT to fit our purposes. 

In the first task, we asked participants to create words by assembling letters in the 
Korean alphabet. A Korean word consists of a series of characters, and a single cha-
racter is composed of assemblies of the Korean alphabet, which consists of 14 conso-
nants and 10 vowels. We provided 14 basic alphabet cards to participants, and they 
created words by assembling these alphabets. The alphabet cards that we provided 
consisted of 8 single consonants and 6 single vowels that were surveyed as the most 
used alphabets by the National Institute of the Korean Language. These alphabets  
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could combine consonants with vowels to make a single character, and consonants 
with consonants or vowels with vowels to create double consonants or diphthongs. 
We applied three criteria from the TTCT to evaluate participants’ performance on the 
alphabet assembling task. 

 

Fig. 1. Korean alphabet cards that used in word assembling task. Gray cards are vowels and 
white cards are consonants(Left), Example of assembled words. A) Baby, B) Sun. (Right) 

• Fluency : Number of words participants created. 
• Originality : The rarity of usage in words created. 
• Elaboration : Number of alphabet cards used to create a single character. 

We developed a program to analyze the results of the alphabet assembly task. Fluency 
was counted as the words that were assembled correctly. The National Institute of the 
Korean Language made a list of the frequency of word use, which we used to rate the 
originality of each word. As mentioned above, each alphabet could be combined in 
various ways. Thus, elaboration could be judged by counting the number of alphabet 
cards that were used to create a single character. 

The second task was storytelling with the words created in the first task. The story-
telling task is also used widely to measure creativity. The creative story products from 
the second task were evaluated by CAT using our revised TTCT criteria. 

• Fluency: Number of characters in the story. 
• Originality: Originality of the subject; creative usage of words. 
• Flexibility: Number of words used in story that was created in first task. 

The total number of words that was used in the stories represented fluency. Originali-
ty was rated by an expert who was a registered poet in a Korean writers’ association. 
He rated the originality of the stories on a 100 point scale. We counted the number of 
words used in the story that were created in the first task and used that as our criterion 
of flexibility. 

Finally, each task had three conditions, so a total of six criteria was used to meas-
ure creativity. We converted the results of all six indicators to a maximum 20 point 
score. The sum of the three criteria scores contained in each task represented the crea-
tive performance on that task. These two task performance scores were aggregated to 
assess comprehensive creative performance. 
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Fig. 2. Real robot NAO(Left), Avatar NAO(Right)  

Procedure. Upon arrival, participants were ushered to separate rooms according to their 
experimental condition (None, NAO, Avatar). In the “None” control condition, there 
was only one participant in the room during the experiment. We introduced the mini-
mum information necessary in order to conduct the experiment and stepped out of the 
room. In the NAO condition, participants conducted the experiment with an actual hu-
manoid robot (NAO). In the Avatar condition, participants conducted the experiment 
with a virtual avatar on the screen. We used Webots for NAO that can also simulate 
NAO in a virtual environment. Thus, we could present the same appearance, behavior 
and feedback to participants between the two groups, NAO and Avatar. 

• None: No feedback. 
• Nao: Information and feedback about tasks from real robot NAO. 
• Avatar: Information and feedback about tasks from virtual NAO Avatar. 

Our ultimate goal was to find a way to enhance people’s creative performance using a 
humanoid robot. Thus, we designed the behavior of and feedback from the NAO to 
enhance participants’ creativity.  

To begin, NAO said hello to the participant with an animated hand wave. When in-
troducing the task, NAO usually gazed into the participant’s eyes, sometimes nodding 
and shaking its head to indicate allowed and restricted actions. When each task began, 
NAO pointed its finger to the answer paper needed to conduct the tasks and explained 
how to use it. During the task, NAO gazed at the task field and gave feedback to the 
participants. First, NAO gave an example to which the participants could refer. 
Second, NAO gave a speech of encouragement about the participants’ progress. 
Third, NAO counted the time remaining to increase motivation. For the first task, 
assembling the alphabet, 3 minutes were allowed, and for the second task, storytel-
ling, 4 minutes were allowed. 

4 Results 

The analyses showed that the proposed hypotheses were supported in part. First, sub-
jects who were in the NAO condition (m = 69.59, SD = 14.58) had significantly  
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higher average creativity scores than those in the ‘None’ control condition (m = 
58.80, SD = 13.32: t = -3.008, p = 0.005). Therefore, hypothesis 1 was supported. The 
NAO avatar also enhanced subjects’ creativity levels (m = 65.11, SD = 15.36), but 
was not significantly different from the ‘None’ condition (t = -1.69, p = 0.10); thus, 
hypothesis 2 was not supported. Finally, NAO enhanced subjects’ creativity levels 
more than the NAO avatar, but again, there was no significant difference between the 
two (t = 1.06, p = 0.30), indicating that hypothesis 3 was not supported. 

Further, the highly creative group showed no significant differences when they 
were exposed to the NAO vs. the avatar. However, the low creativity group was af-
fected only by NAO (t = -2.71, p = 0.02). Therefore, hypothesis 4 was not supported 
and hypothesis 5 was partially supported. According to these results, many of the 
hypotheses were nonsignificant statistically; however, other factors need to be consi-
dered in the interpretation of our results. 

Table 2. The average score of the creative task 

Condition Creativity 
level 

Score 
Task1 Task2 Total 

Alone 
High 26.48 34.30 60.78 

58.80 
Low 25.17 31.66 56.84 

With Nao 
High 31.06 37.93 69.00 

69.59 
Low 31.85 38.33 70.19 

With Nao 
avatar 

High 32.88 32.75 65.62 
65.11 

Low 33.40 31.20 64.60 

5 Conclusion and Future Work 

The goal of this study was to investigate the effect of the presence of a humanoid 
robot and its avatar on individuals’ creative task performance. Therefore, 5 hypothes-
es were proposed based on previous studies. We expected all of the hypotheses to be 
supported, but most were not. However, there are some points to consider. 

First, the effect of the robot in creativity training was verified statistically, which is 
consistent with previous research. Second, people with low creativity were more mo-
tivated by the type of mediator than highly creativity people. From this result, we 
obtained the useful information that when conducting creativity training for those 
with low creativity, it is better to use a mediator that has a high presence. 

In the future, we will focus on improving the tasks and measurements and use a 
larger sample size before conducting the experiment again.  
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Abstract. Popular learning management systems (LMS) often feature
dashboards displaying various analytics. This dashboard display might
be suboptimal for some learning and development managers (L&D).
Moreover, the analytics presented are often based on standardised quizzes
or semesters, which might be unsuitable (e.g., informal learning, corpo-
rate education, etc.). Finally, each LMS has its bespoke reporting solu-
tion, thus making it difficult for L&D managers to monitor the situation
across various LMSs. We propose an interactive system where an L&D
manager can customise the data source, queries, filters, and visualisa-
tions of their LMSs, and display them inline. To this end, we have built
EVADE, a system that allows L&D managers to capture data from vari-
ous LMSs, analyse them, and embed related visualisations in each LMS.
In this instance, we have integrated EVADE with a Moodle instance
for corporate education, and Almanac, a tablet application for informal
learning. In this paper we present EVADE and discuss how it can improve
the L&D manager-LMS interaction.

Keywords: Learning Analytics, Visualisation, Corporate Learning, LMS.

1 Introduction

The emerging field of Learning Analytics aims to measure, collect, analyse, and
report on data about learners and their contexts, for the purposes of under-
standing and optimising learning and the environments in which it occurs [6]. A
key component in realising Learning Analytics is the wealth of learner evidence
that can be captured through Learning Management Systems (LMSs). LMSs
are increasingly being used to administer, deliver, and assess learning in higher
education and corporate training. Within a corporate training setting these sys-
tems are administered by Learning and Development (L&D) managers to deliver
internal training, certification and compliance training, and Continuing Profes-
sional Development (CPD). Although these systems typically provide reporting
to the L&D managers, there is often a lack of statistical reporting and visual-
isation to understand the effectiveness of the training [4]. Where visualisations
of analytics are provided they are often restricted to a predefined set of metrics,
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delivered through a separate application, or generated periodically in batch style
reports [3]. A further challenge for a corporate L&D manager in understanding
training effectiveness is the diversity of systems that contain valuable learner
evidence. In addition to a LMS, a Human Resources Management (HRM) sys-
tem will contain data on performance appraisal and attendance, whereas forums
and wikis can also contain informal contributions to learning and training [2].
In order to gain a holistic understanding of a learners performance a learning
analytics system is required that considers diverse sources of learner evidence.
Such a system would also integrate the analytics into the day-to-day workflow of
the L&D manager. This integration would contextualise the analytics whilst also
facilitating real-time insights into training effectiveness. In this paper we begin
with an introduction to the field of Learning Analytics with particular reference
to the visualisation of analytics. This is followed by an explanation of the novel
End-to-end Visualisation and Analytics of Data for E-Learning (EVADE) sys-
tem. The design of the EVADE system is detailed including example workflows
for IT managers and L&D managers. We conclude this paper with a discussion
on the merits of the system and directions for future work in this area.

2 Related Work

Learning analytics state-of-art is quite diverse: the six largest corporate LMS
products constitute approximately 50% of the market, and none of these six is
popular in the education sector [5]. In a corporate setting one is more proba-
ble to encounter SumTotal [9] or Meridian [10], while in the education sector
one is more probable to encounter Moodle [11], or Blackboard [12]. Apart from
these traditional LMSs, MOOC platforms like Canvas [13] or OpenScholar [14]
are gaining traction and are adding LMS functionality. All of these platforms
include some reporting and visual analytics tools. Usually these tools follow the
dashboard paradigm, and offer printer-friendly views for paper reports. For ex-
ample, on the corporate end of the spectrum SumTotal offers visual analytics
that can even contain HR-related operations, while on the academic side Open-
Scholar offers integration with project or class pages. However, there is often a
lack of statistical reporting and visualisation of reports to understand the effec-
tiveness of the training [6]. Where visualisations of analytics are provided they
are often restricted to a predefined set of metrics, delivered through a separate
application, or generated periodically in batch style reports [4]. Dashboard ana-
lytics is not a paradigm restricted to learning analytics; indeed, its predominant
field is Business Intelligence (BI). A number of tools like Tableau, Crystal Re-
ports, Data Hero, or Datawunder, can visualise data from various sources using
copying-and-pasting of arbitrary data and offering the end user a choice of visu-
alisations to choose from. More often than not, these tools offer static, though
embeddable, views of data. This functionality creates the risk of a temporal mis-
match between the state of the visualised data and the possibly updated state
of the real data. To avoid such a mismatch, contemporary LMSs and their data
analytics are tightly integrated [4],[6].
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Fig. 1. Architecture diagram of EVADE

3 EVADE

The design of many Learning Analytics systems are influenced by established
research in educational data mining [7] and the research emerging from focused
conferences such as the International Learning Analytics and Knowledge Confer-
ence (LAK) [15]. Despite this research base the majority of Learning Analytics
systems are focused on and developed around concerns in higher education. In
the design of EVADE an alternative approach was taken, that is to engage with
the more than 30 industry partners of the Learnovate Centre to collaboratively
define the industry challenges in learning analytics. Through working closely
with several suppliers and users of eLearning software we derived the following
list of challenges faced by these companies.

Data Capture and Management

– Capturing learning events from diverse systems.
– Catering for evolving reporting and analytics requirements.
– Real-time analytics as opposed to periodic batch processed reports.

Data Analytics

– Continuous and dynamic performance management.
– Identification of meaningful learning events.
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Visualisation and User Interaction

– Developing a data-driven decision making culture.
– Flexibility to cater for high-level and fine-grained analysis.
– Intuitive visual interfaces for configuration, reporting and display of an-

alytical outputs.

Through discussions with industry partners it became apparent that the key
users of the learning analytics, namely the L&D managers, have the insight
as to how learning should be analysed and presented, yet typically lack the
technical skills to capture and query the learner data. For this reason the EVADE
system considers two key users, the non-technical L&D manager, and a technical
IT manager who understands what data is being captured and how to setup
queries over the data. The requirements for EVADE that are derived from these
challenges are to:

– Enable IT administrators to create APIs to capture data from diverse sources,
and to setup queries over the gathered data.

– Enable L&D managers to easily select the data sources and queries they
deem appropriate for understanding the progress of their learners.

– Allow visualisations based on the selected analytics to be embedded within
web-based LMSs so that the analytics are contextualised within the systems
they relate to and are encountered during the day-to-day workflows.

– Generate visualisations based on the analytics that are considerate of the
visual space constraints of LMSs, that can highlight anomalous data, and
also encourage exploration of problematic learners or learning content.

– Accommodate the busy pace of modern-day businesses by saving the L&D
manager from studying extensive reports and rather give indicators that
might trigger exploration towards problematic areas for either learners or
content.

3.1 System Architecture

The architecture of EVADE is built around two core components, the web-app
that forms the interface for the IT manager and the L&D manager, and the
database that allows the storage and querying of captured data.

The EVADE Web-app. The web-app component is built using the Groovy lan-
guage and the Grails web application framework. The data capture APIs all
receive JSON over HTTP. The rational behind standardising on JSON is based
on its platform independence, its ease of integration with rich web-applications,
and its usage in the Experience/Tin Can API [7]. The Tin Can API is an emerg-
ing standard for capturing evidence of learning activities, it is seen as a successor
to the Sharable Content Object Reference Model (SCORM) [1] standard, and al-
lows EVADE to act as a Learner Record Store (LRS) [7]. In order to collect data
from diverse client side application EVADE supports both CORS and JSONP
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Fig. 2. Bi-level quartile doughnut charts

to cater for cross-domain requests. As an initial integration with a LMS, a plu-
gin was developed for Moodle that captures events from both the PHP backend
and through client-side JavaScript. The ALMANAC app is the second system
integrated with EVADE and it is the outcome of project on informal mobile
learning also being undertaken at the Learnovate Centre.

Data Storage. The database component of EVADE is separated from the web-
app by a JSON API in order not to bind the system to one particular database
technology. Due to the heterogeneous data sources that are collected by EVADE
and the key-value nature of the data the initial database component is im-
plemented using MongoDB (http://www.mongodb.org). As well as providing
flexibility and scalability through sharding, MongoDB also provides powerful
aggregation queries that can be applied across datasets with varying schemas.

Visualisations. The output of any data query within EVADE can be retrieved
through a JSON API allowing flexibility in how the data is consumed for vi-
sualisation. One of the key requirements of EVADE is to embed visualisations
within web-based LMSs. These visualisations will have limited space and must
be indicative visualisations that warrant exploration, as opposed to prescriptive
ones that require time consuming interpretation. Inline visualisations facilitate
more usable interfaces, in the sense that drilling down through the content and
displaying the visualisations inline means that one has to recognise the piece of

http://www.mongodb.org
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content they want to explore rather than recall where it would be on a separate
reports page. Moreover, inline visualisations can improve analytic reasoning by
contextualising the analysis by content. They should use less working memory
since end users can associate each item with its visualisation [2]. For example,
a L&D manager working on a Learning Management System (LMS) could be
navigating through the course structure as usual when viewing the content, and
view inline visualisations while doing that (Fig. 3). That would give the ben-
efit of viewing each course in context, instead of a ranked list of potentially
irrelevant courses presented at a dashboard reporting page. To achieve this, we
visualise distributions of learners data by applying the following steps. Firstly,
we reduce the distribution graph to a one-dimensional chart of its quartilesthe
result resembles a coloured box plot. Then we produce a circular version of the
quartiles chart by converting its coordinates to a polar system with radius r and
we subtract a circle with radius l so that the remaining doughnut has width r− l
(see Fig. 2). Moreover, we visualise the distance of a value to the median as a
second level ring; it is calculated in the same way; that is, the distance of the
value from the median is converted to polar coordinates with radius m. So, a
box plot can be implemented so as to represent its box and whiskers (but not
the outliers) in a limited space of just (2 ∗m)2. The EVADE web-app currently
supports embedding visualisations generated using D3.js (http://d3js.org/).

Fig. 3. A Learning Management System (LMS) using inline bi-level quartile doughnut
charts

3.2 User Workflows

To illustrate a typical usage of the EVADE system the workflows of the two user
types are presented.

http://d3js.org/
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IT Manager Workflow. As shown in Fig. 4 the IT manager firstly creates an
API to capture data in the desired format (Fig. 4a) in this case from a Moodle
Plugin. Each API receives JSON messages with a number of fields. A field has
a data type as supported by the JSON format, namely Double, String, Boolean,
Array, or nested JSON Object. Once fields have been added the API is live and
can start receiving data.

The second step involves filtering the data in order to present only the relevant
fields to the L&D manager (Fig. 4b). As well as including and excluding fields,
basic conditions (e.g. score > 50) can be applied. The third step involves creating
multiple queries on the filtered data using the query editor (Fig. 4c). An example
query would be to calculate the average number of courses completed for each
learner. These queries will subsequently used by the L&D manager. The final
step in the workflow involves the creation of embed locations within the LMS.
This is achieved by using a regular expressions to indicate which URLs the
embed should be applied to, a jQuery selector to identify where in the DOM
the visualisations should appear, and the number of visualisations that should
appear in the embed location (Fig. 4d). Despite the sequential nature of this
workflow data capture APIs, filters, queries, and embed locations can be created
and modified at any time.

L&D Manager Workflow. In comparison to the IT manager the workflow of
the L&D manager is intentionally simpler. To allow the user to quickly and
easily configure the analytics they must apply three steps for each visualisation,
in each embed location. These steps are to firstly select the filtered data to
analyse (Fig. 5a), secondly to select one of the queries configured by the IT
manager (Fig. 5b) and thirdly to select the time period to apply this query to
(Fig. 5c). Once the configuration has been saved the updated visualisations are
immediately reflected within the LMS as is shown in Fig. 2.

4 Discussion

Though we have implemented this solution for an LMS and conducted some ini-
tial testing, more rigorous user evaluation is necessary to draw definitive conclu-
sions. However, both our initial testing and previous work hint towards potential
benefits of using charts specifically designed and developed for inline visualisa-
tions. These benefits include the contextualisation of learning analytics in a
potentially beneficial way for the L&D managers working memory. The broader
issue to be addressed here is identifying issues in real time and intervening at
a moment when it is more relevant for the learners and the organisation. The
current alternative is to discover problems too late, that is, when the course is
over and improvements can only be made at another offering of the same course.
With regard to the data management aspect of the system, the current imple-
mentation is sufficiently fast, as the LMS loads the embedded visualisations at
time t < 200ms, even though the code has not been optimised for speed. Please
note that ongoing development of a “big-data” style database to enable scala-
bility and speed is underway. It is/will be based on Apache HBase and Hadoop
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Fig. 4. IT Manager Workflow using the EVADE Web App
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Fig. 5. L&D Manager Workflow using the EVADE Visualisation Builder

databases in order to allow for a scalable implementation of EVADE. We expect
that this “big data” infrastructure will increase the plugability of EVADE to
various data sources, so that it will further reduce costs and increase the benefit
of the learning analytics to L&D managers.

5 Future Work

With regard to the UI, in the future we plan to allow embeds to be configured
directly from within the LMS, that is, where they are visible in the LMS. From
the data management point of view, we anticipate that the use of HBase and
Hadoop databases will facilitate querying using languages such as Splout SQL
and even apply more advanced machine learning and data mining algorithms
with tools like Apache Mahout. These tools would allow us to perform clustering
and predictive analysis on the data of the learners to improve the understanding
and possibly enhance intervention.

Finally, we have partnered with a corporate Banking education organisation
to conduct a trial of EVADE with one of their courses. The learners are profes-
sionals in the Banking sector who participate in either continuing professional
development (CPD) courses to improve their skills or compliance testing. The
trial is scheduled to run for the duration of the whole semester when the course
is offered, and a few hundred learners are scheduled to participate.

6 Conclusion

In conclusion, we present a learning analytics solution which incorporates actual
requirements from industry partners. EVADE is an attempt to bridge the gap
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between academic learning analytics and business intelligence tools, and enhance
their functionality to address the need for corporate and informal education
analytics.

The main contribution of EVADE is twofold. Firstly, the ability to capture
real-time data from various data sources, including corporate and informal LMSs,
and secondly the affordance of inline visualisations, which facilitate the under-
standing of learning analytics by L&D managers.

A further implication of this project is that it allows the L&D manager to
inspect both learner- or content-related problems at real time and intervene to
address them and improve the learning outcome. Finally, a smaller contribution
is the specific development of visualisations for inline use, and in particular
the visualisation of distribution data in order to avoid problems of scale and size
caused by the screen real estate use which derives from embedding visualisations
inline.
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Abstract. In the context of e-learning courses, personalization is a
more and more studied issue, being its advantage in terms of time and
motivations widely proved. Course personalization basically means to
understand student’s needs: to this aim several Artificial Intelligence
methodologies have been used to model students for tailoring e-learning
courses and to provide didactic strategies, such as planning, case based
reasoning, or fuzzy logic, just to cite some of them. Moreover, in or-
der to disseminate personalised e-learning courses, the use of known and
available Learning Management System is mandatory.

In this paper we propose a fine-grained student model, embedded into
an Adaptive Educational Hypermedia, LS Plan provided as plug-in for
Moodle. In this way we satisfy the two most important requirements: a
fine-grained personalization and a large diffusion. In particular, the sub-
stantial modification proposed in this contribution regards the method-
ology to evaluate the knowledge of the single student which currently has
a low granularity level. The experiments showed that the new system has
improved the evaluation mechanism by adding information that students
and teachers can use to keep track of learning progress.

1 Introduction

Distance learning is a mode of teaching/learning more and more required, used in
education and working contexts. Research in this field has dramatically increased
in different directions: human-computer interfaces, design of Learning Manage-
ment Systems (LMSs), social context [14], students’ modeling [20], teachers’
background and teaching styles [18].

In this context,the use of known and available LMSs is mandatory and essen-
tial to create and to spread content, but a LMS that provides all these features
is difficult to find.

Moreover, the personalization of the learning experience is closely related
to the efficiency and effectiveness of the learning process itself: personalized
content is more easily assimilated and the learner is more motivated. However
student diagnosis is uncertain, and a possible approach to face this problem
is a fine-grained student modeling, that several researchers (e.g. [24]) assessed
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as adequate to carry out the student’s assessment and pedagogical strategies.
Fuzzy logic techniques have been used to improve the performance of intelligent
educational systems due to their ability to handle uncertain information, such
as students actions, and to provide human descriptions of knowledge and of
students cognitive abilities [11].

In this paper we focus on the definition of a fine grained student model, taking
inspiration from the work reported in [20], that allows to create and customize
courses basing on student’s learning styles according to the Felder-Silverman
model. We integrate into this model Kosba’s studies ([11]) on the application of
fuzzy logic for the description of the cognitive level of the students with respect
to certain topics. We propose a plugin for the most world-widespread LMS: Moo-
dle. In particular, our aim is to modify and improve the existing student model,
that is the set of acquired information from student learning style and needs,
and from the interactions with the system during her own personalized learning
material fruition. The current student model provides a student adaptive com-
ponent, and evaluates students’ needs according to their knowledge and learning
preferences. In this proposal, the substantial modification regards the knowl-
edge representation of the student, which currently has a low granularity level.
LS Plan basically uses two values to estimate the knowledge: acquired or not
acquired. We introduce in the new student model a fine-grained Cognitive State
with four different levels of knowledge acquisition. This improvement brings a
great advantage to the end user that has her personalized course carefully tai-
lored on her personal knowledge and learning goals, avoiding waste of time and
motivations in studying topics that could reveals trivial or too much difficult in
a ”one-size-fits-all” course, or in a course not carefully personalized.

In the following section we report about some meaningful related work, in Sec.
3 we describe the fine-grained Student Model. In Sec. 4 we show an example of
application. Conclusions and future work are drawn in Sec. 5.

2 Related Work

Fuzzy approach is a widely applied technique in user modeling, in particular
it is used to model different aspects of student’s characteristics such as the
degree of knowledge the student has or acquires in a given subject. It allows
natural description of knowledge and inference in the form of imprecise concepts,
operators, and rules.

For example in [24] is proposed BSS1 that is an ITS with a general fuzzy logic
engine for supporting the intelligent features of the ITS. In [2], ABITS defines
the domain knowledge where Learning Objects (LO) and related metadata are
the basic elements of the system. Its student model is represented by Cognitive
state, student’s preferences, and curricula. Fuzzy logic is applied here to rep-
resent the uncertainty of the student’s score that can be obtained by different
kind of assessments and with different degree of reliability, as we also consider.
Following a similar approach, in [12] the author presents TADV that is a famous
framework for web distance education characterized by the Advice Generator
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that communicates with the student, during her didactic path, about results
gained over time. Its student model is represented by four main aspects that, on
the whole, contribute to the overall student evaluation. They are: general infor-
mation, behaviour, preferences, knowledge. The last one is represented by fuzzy
logic, where the knowledge of a student about a certain topic is modeled by the
following variables: Certainty Factor (CF), Measure of Belief (MB), Measure of
Disbelief (MD). The Certainty Factor is a variable that takes on values between
−1 and 1, and is directly influenced by the other two variables MB and MD.
MB and MD are variables extrapolated from the results of the assessment quiz
that the student takes for each concept of a specific course. Both MD and MB
range between 0 and 1. The first increases with each correct answer given by the
student to a specific quiz. The second one is increased if the student responds
incorrectly or skips the quiz. The result of the two values is combined giving
the final value of CF. Kosba defines three levels of learning: completely learned,
learned and unlearned. The CF is compared with the intervals that define the
learning levels and stores the result obtained by the student for the specific
concept. Not only quizzes modify the degree of understanding assigned to each
student, but also the time variable that contributes to define the Belief Graph.
On the other way TADV gives suggestion to students, but does not provide a
personalized didactic strategy.

The work presented in [10] proposes an educational hypermedia where for each
domain concept the user model saves a corresponding value using a linguistic
variable concept knowledge, which takes three possible values which estimates
user knowledge of that concept: unknown, known, and learned. More recently,
[3] proposes an adaptive learning environment for computer programming based
on hybrid student model, which combines an overlay model with stereotype and
fuzzy logic techniques. In a perspective of technology enhanced learning, there
is research work [5], [4], [6], [21] aiming to integrate more traditional individu-
alized e-learning [23] and social-collaborative e-learning [22], [1] and [7]. Many
personalized e-learning systems do not use fuzzy approach to model students.
They rather insist to suitably represent student’s learning styles, such as [9] or
[20],[8], and also teachers’ teaching styles ([13], [15], [17],[16]).

We start from the work presented in [20], [19] and improve it with some aspects
of the student model that can be made more realistic by means fine-grained
modeling. Being inspired by the work of Kosba, we integrate into LS Plan a
student model that will provide more realistic assessment of the students and the
subsequent re-planning of the learning that the student must follow. Unlike other
Adaptive Educational Systems like [10] and [3] that are ”problem oriented”,
LS Plan provides a personalization engine that can be plugged in any educational
system being, therefore, problem independent.

3 The Student Model

In this section we present the Student Model (SM) and its relation with the
adaptive system in which it is involved. Fig. 1 shows some relations among the
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Fig. 1. Coarse-grained relations among components into Adaptive Systems. On the
bases of a given SM, the Adaptation Engine configures a personalized course extracted
from the Domain Knowledge. The course is presented to the student through a Hyper-
media.

main components of an adaptive system. Before describing more in detail the
characteristics of the new student model we will introduce some definitions about
the elements we are going to work with, then we show new mechanisms defined
in the Adaptation Engine, which exploit the new model.

Definition 1. (Knowledge Item). A knowledge item KI is an atomic ele-
ment of knowledge about a given topic. KI is a set: KI = {KIK ,KIA,KIE}
where KI�, with � ∈ {K,A,E}, represents a cognitive level taken from Bloom’s
Taxonomy: Knowledge, Application and Evaluation.

We have chosen only three out of the six levels of Bloom’s taxonomy: it is easy,
but heavy, to provide the KI with all the six levels.

Definition 2. (Learning Style). A Learning Style LS is a 4-tuple: LS =
〈D1, D2, D3, D4〉, with
Di ∈ [−11,+11], i = 1, . . . , 4 where each Di is a Felder and Silverman Learning
Style Dimension, i.e., D1: active-reflective, D2: sensing-intuitive, D3: visual-
verbal, D4: sequential-global.

We used the range [−11,+11] according to the Felder-Soloman ILS scale.

Definition 3. (Cognitive State). The Cognitive State CS is the set of all
the KI� possessed by the student with respect to the given topic: CS ⊆ DK.

Definition 4. (Student Model). The student model SM is a pair: SM =
(CS,LS) where, CS is given in Definition 3 and LS is given in Definition 2.

This is the original Student Model definition presented in [20]. In the following
we will not consider LS, because they will stay unchanged. Rather, we refine
KIs, which contribute to CS, with fuzzy aspects taking inspiration from the
work reported in [11].



296 C. Limongelli and F. Sciarrone

Definition 5. (Fuzzy Knowledge Item). A fuzzy knowledge item KI is an
atomic element of knowledge about a given topic. KI is a set: KI = {KIK ,KIA,
KIE} where KI�, with � ∈ {K,A,E} is a real number. Each KI� ∈ [0, . . . , 1].
The less the value, the less is the knowledge acquired for that item. KI is divided
in four evaluation classes: [0, 0.4) not sufficient, [0.4, 0.6) sufficient, [0.6, 0.8)
good, [0.8, 1] excellent.

With this definitions we will represent always all the KI the student will deal
with, even if they are equal to 0 (see the outcome of the two SM in Fig. 3). On
the other hand in the previous SM in CS there were only KI (fully) acquired.

The use of fuzzy logic is highlighted in the evaluation mechanism, in particular
when a student is assigned a score to the end of a quiz. In order to describe these
mechanisms we have to introduce the Learning Node which is strictly related to
the quiz.

Definition 6. (Learning Node). A Learning Node LN is a 5-tuple: LN =
〈LM,AK,RK,LS, T 〉 where

LM is the Learning Material, i.e., any instructional digital resource.
AK Acquired Knowledge. It is a KI� that represents the knowledge that the

student acquires at a given level as specified in Definition 1, after having
passed the assessment test related to the KI� of the node. If such a test is
not present in the node the AK is considered acquired anyway.

RK Required Knowledge. It is the set of KI� necessary for studying the material
of the node, i.e., the cognitive prerequisites required by the AK associated
to the node.

LS is given in Definition 2.
T is a pair of reals T = (tmin, tmax) that represents the estimated time interval

for studying the material of the node, as prefixed by the teacher.

Let us consider a quiz related to a given LN . The mechanism for computing
scores related to quizzes are normalized, for each quiz, between 0 and 1. Let
us consider a LN having N questions related to it. The set of all the questions
QLN = {q1, . . . , qN} forms the quiz for that LN . Each qi has a weight w associ-
ated to it, i.e. the score obtained in case of correct answer. The maximum score
a student can get in a quiz is 1.

N∑
k=1

w(qi) = 1

In this way, the score is directly related to the degree of knowledge acquired for
that LN . In case the teacher does not specify weights, the weight computation
is given by

w(qi) =
1

N
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In particular, the new aspects of the student model will be the following: new
representation of the student’s knowledge; new representation of the score tests;
new management of time variable associated to quizzes.

According to it, the learner’s knowledge will be classified within one of these
four classes.

Timing are also considered in a different way: time computation is no more
related to material fruition (that is difficult to estimate), but to the time the
student needs to take the quiz at the end of each Learning Node. This is actu-
ally more realistic evaluation than the time spent for studying the lesson itself.
Obviously it is not possible to know if the fruition time (tf ) of a Learning Node
is actually spent on studying or if it is affected by other factors. However, the
thresholds tmin and tmax that we consider, allow to eliminate at least two stu-
dent behaviors: the so-called ”coffee break” effect, when the fruition time tf is
greater than tmax, and a casual browsing of a given material, when tf is less
than tmin.

This kind of knowledge representation provides also more flexibility for the
teacher that can fix different thresholds for different LN , depending on the
importance that LN has in the context of a given course. For example if a LN
explains a very important concept that the student must acquire, the teacher
can fix threshold to 0.7 and if less that LN will be proposed again to the student.

4 Experiments with Moodle

The new student model and the related management has been implemented into
LS Plan and Moodle 1.9. The experimentation has been carried out with the
purpose of verifying if the new student model is more refined than the previous
one, highlighting the differences between the same two courses, the one running
with improved LS Plan and the other one with the original plug-in. The experi-
mental course is very small, but enough to show the difference with the previous
system. Fig.2 shows the platform and the conceptual map of the experimental
course. In this experiment all the concepts are at the same level K.

We consider two courses with 5 Learning Nodes which represent the concepts
related to the course on neorealist cinema: intro C1, themes C2, movies C3,
desica C4, rossellini C5. For the sake of readability in the table we show labels
associated to the topics. 5 students attended the course. They first answered
to the initial questionnaire. For each concept the system selected a number of
questions between 3 and 6. The overall initial questionnaire was composed by
15 questions. The old system memorized the Cognitive State reported in the
following table:

The new system memorized also the level of knowledge that students got for
each concept in the KI Score section of the LS Plan Data Base.

We follow the student s2 whose initial situation is depicted in Fig. 2. The
figure is a snapshot of the system after the initial questionnaire. Let us note
that only C2, C4 and C5 are proposed to the student, because he proved to know
already concepts C1 and C3 in the initial questionnaire. s2 studies the first lesson
proposed by the system, C2themes, obtaining a score of 0.7 as reported in Tab. 3.
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Fig. 2. The experimental course. The interface of the old system and the new one is
exactly the same, the difference is in the internal user knowledge representation and in
the adaptation mechanism at the initial stage.

Table 1. Cognitive state of the students after the initial questionnaire

Student Course Cognitive State CS Level

s1 id1 C1,C2,C5 K,K,K

s2 id1 C1,C3 K,K

s3 id1 C2,C4 K,K

s4 id1 C2 K

s5 id1 C2,C3,C5 K,K,K

Table 2. Cognitive state of the students after the initial questionnaire with the new
student model. Bold numbers in the rightmost column represents the acquired concepts.

Student Course Cognitive State CS Level KI score (C1, . . . , C5)

s1 id1 C1,C2,C5 K,K,K 0.5,0.4, 0.2, 0, 0.5

s2 id1 C1,C3 K,K 0.5, 0.1, 0.5, 0.2, 0.2

s3 id1 C2,C4 K,K 0.2, 0.4, 0.1, 0.5, 0.2

s4 id1 C2 K 0.1, 0.5, 0.2, 0.2, 0.1

s5 id1 C2,C3,C5 K,K,K 0.1, 0.4, 0.4, 0.2, 0.5

The visible effect of the updating mechanism is an indication of the knowledge
acquired during the course (together with the learning preference that can be
tuned during the fruition of a course) as indicated by the system, like in Fig. 3.
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Fig. 3. The outcome of the two advices. On the top there is an dialogue window that
describe user’s knowledge with the new model: all the KI are listed with their respective
degree of acquisition. In the dialogue window below, the previous SM indicates only
the list of acquired KI.

Table 3. KI score updating for concept C2 of student s2

Student Course Cognitive State CS Level KI score (C1, . . . , C5)

s2 id1 C1,C3,C5 K,K 0.5,0.7,0.5, 0.2, 0.2

5 Conclusions

In this work we adopted fuzzy representation for a student model used into
the Adaptive Educational System LS Plan. Starting form the student model
proposed in [20] and taking inspiration from the work presented in [12] we
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introduced a fuzzy representation of the Cognitive State of the student model
and, consequently, all the related adaptation rules. These rules act mainly at the
quiz level, in particular fuzzy CS modeling allows to give a more fine grained
evaluation about the knowledge acquired by the student and a consequent free-
dom for the teacher to apply possible different didactic strategies.

In fact, with this new personalization process, not only teachers can estimate
in a more precise way howmuch a student knows about a given topic, but also the
student can have more appropriate suggestions about her/his way of learning.

The adaptation has been carried out with a plug-in for Moodle 1.9. We are
going to adapt it to Moodle 2.5 in order to perform wider experiments.
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Abstract. Advances in reading technology have created significant interest for 
young children to use eBook.  But similar opportunity and enjoyable expe-
rience of using the eBook suit with slow learner needs seems to be impossible. 
This is due to the fact that the existing eBooks on the market are not designed to 
suit with the slow learner reading capability. This situation stimulates the desire 
to explore on the need to design a personalized eBook for slow learner children. 
This paper presents the findings of the interview session conducted on five slow 
learner children and a school teacher at one of the primary school in Malaysia 
in order to explore on the need to provide individual learning. It also presents an 
overview of the research approach and shares an initiative conducted to adapt 
Segmented Personalization and Scaffolding approach in the eBook application 
development. We do hope that this study able to provide an overview on the 
importance of providing personalized learning especially for individuals with 
learning disabilities.  

Keywords: personalized, eBook, slow learner, reading. 

1 Introduction 

Personalization is found to have a great impact on education. In general, personaliza-
tion of education aims at providing individualized learning which enables learners 
learn according to their uniquely identified personal, needs and learning content. 
However, the missing link in implementing the personalization dreams are due to 
heavy emphasizes on implementing personalization for normal students, but the indi-
vidual needs and unique characteristic of students with special needs have been ig-
nored. Motivated by this factor, this study aims to adapt the personalization touch in 
order to assist students with learning disabilities, the slow learners who have difficul-
ties in reading by designing personalized eBook for their reading purposes. The  
reading difficulties of the slow learner children are chosen as one of the study pheno-
menon due to the fact that reading ability determine success or failure of the children 
(Musen, 2010) . Apart from that this study also chooses eBook application to be used 
as a learning tool embedded with the personalization touch and reliable principles 
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related to reading in order to cover the slow learner children’s need and suit with their 
profile.  In this study, we see the potential of eBook due to increasing on its usage on 
the net and its capability and availability at anytime are some of eBook potentials.   

As other learning technology¸ eBook also required personalization touch embed-
ded in its interface design in order to assist readers, especially in the context of this 
study, the slow learner, in a more convenient way of reading. EBook, the electronic 
version of the printed book with the enhancement of the electronic features able to 
provide easily accessed to the reading materials worldwide. Although there is a posi-
tive reaction (Roskos & Bruek (2009) on the eBook usage of young children, for one 
thing it could be argued that the studies on eBook is lack of discussion on design 
principles. Only several researchers see the importance of implementing book with 
design principles from theories (Barua, Kay, Kummerfeld, & Paris, 2011) or frame-
work in the area of design. There is also lack of studies related to eBook (Mckay, 
2011)and limited evidence on any guideline principles for development of existing 
eBook discusses by academic scholars especially for special need children as the slow 
learner. Other than that, previous research has indicated that despite from the come-
back of the eBook as reading technology, there are some unanswered questions in the 
eBook designing area. A study by (Beer & Wagner, 2011) stated that eBook concepts 
also need some enhancement in the design process. Meanwhile, a study by (Colombo 
& Landoni, 2011) and a  survey conducted by the researcher during the Malaysian 
International Book Fair 2013 at Putra World Trade Centre  (PWTC) Kuala Lumpur 
have  proven that eBook available on the Malaysia are poor copied of translation of 
book in printed format and require a new design in order to take full advantage of 
eBook potentials. This paper presents two aspects; the user profile of the slow learner 
in order to show the need of personalized learning and presents a research approach of 
the eBook design process with the adaptation of segmented personalization and scaf-
folding approach.  

2 Related Works 

2.1 The Implementation of eBook in Malaysia Context 

Although the new concept is not widely discussed and the study concerning the 
eBook is so limited, the benefit that the eBook can provide is undeniable. Several 
studies have pointed out the main advantages of eBooks compared to printed books. 
Advantages of eBook are a capability of quick navigation,  meaning that eBook al-
lows easy to jump between chapters; it  offers bookmarks or highlighting features; 
eBook can be translated to any preferred language set by individual users (Beer & 
Wagner, 2011) and also eBook found to be more responsive to user needs (McKay, 
2011). Other than that, eBook provides a lot of benefit to its reader especially to slow  
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learner children in term of language proficiency by improving children concentration, 
comprehension skills, increasing vocabulary and learning the eBook with the use of 
personal interaction and experience. Although the eBook is not widely used as an 
educational material in the classroom, the accessibility of the eBook which available 
across the border due to the availability to be purchased online be the most benefit to 
all. In Malaysia perspective, this new trend can be regarded as a positive impact to the 
slow learner children. The changing on the perspective of using the technology to 
fulfill children ample time with game activities may be shifted to the use of technolo-
gy devices for reading purposes. IPad, laptop, handheld devices which are close to the 
heart of the generation Y children can be utilized to promote reading habits for slow 
learner children. In recent years, there has been an increasing interest in the eBook. It 
can be denied that an eBook has a lot of potentials. As mentioned before, the use of 
eBook in Malaysia environment is still new, especially related to learning materials 
for primary school children. A simple survey conducted by the researcher during the 
Malaysian International Book Fair 2013 at Putra World Trade Centre (PWTC) Kuala 
Lumpur, Malaysia has shown that although the price for eBook in Malaysia is not 
expensive compared to physical printed book of the same title, the eBook material is 
so limited. Most of the eBook offered in the exhibition is only for adult readers. The 
interface for eBook for children also has limited features and found to not be interac-
tive. The interface only allows its user to change the font, the theme and adjust the 
screen size. Other that that the eBook promoted during this exhibition can only be 
considered as the direct translation of the printed book to the electronic version with-
out any additional multimedia featured embedded in the eBook. During the informal 
interview that has been conducted, it is clearly stated by the eBook exhibitors, who 
are among the pioneers of the eBook industries in Malaysia, the implementation of 
the eBook is still limited. In addition to that, the researcher also questioned the exhibi-
tor regarding the plain features of the eBook compared to the one that we can pur-
chase from any other outside countries. The exhibitor honestly admitted the eBook is 
not widely used in Malaysia  and the reading materials for slow learner children is so 
limited and still under progress on converting original printed materials into an elec-
tronic format. 

3 Research Approach 

The development of personalized eBook design for slow learner children requires a 
clear understanding of the characteristics of slow learner profiles, the intervention 
strategy and relevant personalization strategy and principle to be adapted in the eBook 
design. This session will discuss a research approach that has been conducted in order 
to come out with the personalized design of the eBook. 
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4 Analysis and Result 

The slow learners are no longer a rare case in Malaysia and they are not categorized 
as people with special need. Being a slow learner means is that the student is unable 
to learn something in the amount of time assigned for the actual learning. (Vinci, 
2009). Inability of slow learners to read also limits their capability to catch up with 
the learning process at school. Due to the inability of school authorities or even parent 
to recognize slow learner students at their early age, the slow learner students are 
allocated at the same classroom as normal students and both share the same syllabus, 
same teaching aids and approaches of teaching and learning style from the same 
teachers without considering their limited knowledge capability. Moreover, the stan-
dardization of learning material and learning content to every child in schools also do 
not give any privilege to slow learner children as the content of learning document 
provide a guideline of the learning content without looking at the individual differ-
ences in term of their cognitive ability and characteristics. The high level of know-
ledge which cannot be coped by their mental capability make a major problem to slow 
learner children as majority of slow learner children having difficulty in reading. 
Therefore, in order to cater the problem in providing the reading materials for the 
slow learner, the personalized eBook can be utilized as a learning tool which empha-
sizes on the individual need of each slow learner problems is introduced in this study. 
This study is undertaken with the specific intention to find the possible solution to 
slow learner children whom having difficulties in reading through the eBook persona-
lization as a solution. By doing so, it is perhaps to ensure that the researcher fully 
understand whole aspects of these children before adapt the intervention solution with 
the introduction of personalized eBook application for the slow learner children. This 
study aims to involve slow learner children in exploring eBook as an alternative read-
ing material which encompasses of interactive multimedia elements to attract their 
attention to learn reading through more engaging, usable and fun e-book interfaces for 
them. Thus, this study focuses on providing slow learner children with a new expo-
sure of personalized eBook application setting and taking into account their reading 
ability and needs in a classroom. The respondents of the study consist of 5 slow learner 
children in a primary school in Malaysia and 2 slow learner teachers. The result of the 
data gathering process will be discussed in the next session presented in this paper. 

5 Slow Learner User Profile 

The preliminary investigation has been conducted twice in order for the researcher to 
have a look at the real problem happens in the classroom setting. With an intention to 
interact with the school teacher as well as the slow learner session, the researcher has 
sought permission from the school headmaster to see how the slow learner children at 
school learn. One hour session has been utilized with the interview, observation and 
interaction. The result learned from the investigation shows that the slow learner 
children who having difficulties in reading also have different characteristics. These 
results also illustrate the need to provide personalization approach as a solution that 
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can cover the need of each individual user in reading aspect. Figure 1.0 shows the 
unique characteristics of each slow learner children in relation to their performance in 
reading. 

Name Age SL Need Reading 
Ability 
based on 
Construct 
(School 
Assess-
ment) 

Reading Abil-
ity Level  

Reading 
Style 

 

Nina 

8 years old/ 
Girl/ 
Malay 

Need repeti-
tion and read-
ing compan-
ion 

Construct 2 Able to read 
up to 2 sylla-
bles, able to 
read but do not 
able to under-
stand what 
have been 
read. 

Interested 
with reading 
exercise 
using toys 
and game 
instead of 
using book.  

 Tom 

8 years old/ 
Boy/ 
Indian 
Muslim 

Need repeti-
tion and read-
ing compan-
ion 

Construct 4 Able to sound 
closed sylla-
bles 

Prefer an 
individual 
attention, 
prefer to 
learn using 
ICT 

 
Adam 

8 years old 
/ Boy/ 
Indian 
Muslim 

Need repeti-
tion and read-
ing compan-
ion 

Construct  6 Able to read 
and write 
words with 
‘ng’ closed 
syllables. 

Prefer to 
learn using 
ICT. 

Jim 

8 years old 
/ Boy/ 
Chinese 

Able to read 
with minimum 
supervision 

Construct 12 Able to read 
and understand 
stimulation 
material 

Prefer to 
learn using 
ICT. 

Jenny 

8 years old/ 
Girl/ 
Indian 

Able to read 
with minimum 
supervision 

Construct 12 Able to read 
and understand 
stimulation 
material 

 Prefer to 
learn using 
ICT. 

*Pseudonyms have been used for the students’ name mentioned in this paper. 

6 Segmented Personalization Strategy for eBook Development 

By definition, personalization is a process that has a potential to provide a solution on 
providing reading materials according to individual needs and preferences. The read-
ing material which has its own target reader can be customized or represented into 
more understandable, attractive and able to increase user’s motivation, especially for 
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the beginning reader who has variation in learning style and unique characteristics as 
an individual. Personalization has proven to be an effective tool in education fields. A 
number of studies conducted by (Tsianos, Germanakos, & Lekkas, 2010)(Siadaty, 
2008)(Brom, Bromová, Děchtěrenko, Buchtová, & Pergel, 2013) has shown the effec-
tive way in which the  personalization proven to be an effective way to maximize the 
learning process in order to achieve the optimum way of learning. The one-size-fits-
all approach in reading can be defined as a way of reading where by ignoring the 
uniqueness of individual characteristics, behavior, knowledge, experience, learning 
style and level of thinking, the same reading materials are used by everyone who 
looking at the subject or topics. This traditional way of reading do not focus on the 
individual needs, previous knowledge of the reader as  long as the reading activity 
can be performed. Instead, the personalization process taken care of all aspects of 
reading, including the user or reader profile which consists of the readers demograph-
ic information, knowledge and ability; the categorization of the knowledge to be 
transferred to the reader according to readers need in order to ensure that the trans-
formation of knowledge performed in an efficient and effective order. Personalization 
of reading activity that considers the variety of reader characteristics able to generate 
new knowledge in the readers’ mind faster that the traditional reading materials which 
can be considered as one-size-fits-all approach. The outcome of the study is hoped 
able to provide a broad picture on the need to provide specific guidelines in order for 
us to understand the uniqueness of slow learner children and to provide a suitable 
personalized reading tool for them. By doing so, it will ensure that the material use of 
teaching and learning suit with the capability of slow learner children as an alternative 
for one-size-fits-all approach as implemented in the real classroom setting. Another 
possibility is that by providing an eBook as an extra alternative reading tool perhaps 
we will be able to cater slow learner problems in relation to reading difficulties as 
reading is a gateway to future success in school and in life (National Institute for Lite-
racy, 2007). Again, the designing aspect of the user interface of an eBook is a part of 
the study, which concern on the personalization aspects that might be useful in help-
ing slow learner children read better as it provides the solution based on the individual 
need of each young child.  

According to Martinez (2011) Segmented Personalization is one type of personali-
zation strategy that uses demographics, common attributes, or surveys to group or 
segment learning populations into smaller, identifiable and manageable groups. In  
the personalization, the users are being segmented into different group a common 
characteristic they have shared.  This study proposes the use of the segmented perso-
nalization strategy in order to categorize the slow learner children into several suitable 
categories. Then after the categories have been identified, the personalization strategy 
will be adapted to the development of the personalized eBook for the slow learner 
children. . In a survey conducted and explained in figure 1.0, we can conclude that 
several segments have been categorized based on the slow learner common characte-
ristics, ability and need as follows: 

• Slow Learner Common characteristics: age, gender, preference on topic or subject 
• Reading Ability Level (Determine by construct: Reading Achievement) 
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• Slow Learner Need (Repetition, Reading Style: read alone/ Scaffolds, Categories: 
Beginner, intermediate, advance Slow Learner) 

7 Scaffolding Approach for Slow Learner Children 

The Scaffolding Theory is the theory commonly uses in the education area. As the 
name implies scaffolding theory promotes the assistive learning for the children as an 
assistant that can help the children throughout the learning processes. The initial idea 
Of Scaffolding grew out of Vygotsky’s work and then the concept then is expanded 
into the Scaffolding theory developed by the Psychologist, Jerome Bruner. The Scaf-
folding Theory is a theory implies the technique of assisting children to learn by  
providing the learning tools and then after the children master at a certain level, the 
assistance will be gradually withdrawn in order to allow the children learn language 
independently. In this study the concept of scaffolding is embedded in the artifacts 
developed in this study, not only in the instantiation in a form of eBook¸ but also in 
the proposed conceptual framework and guidelines. The Scaffolding Theory is chosen 
to be embedded in this research due to its capability in providing assistance to the 
special needs children who have difficulties in reading. The idea of scaffolding is 
consistent with the Zone of Proximal Development (ZPD) suggested by Vygotsky 
(1978) which describe the importance of achieving Zone of Proximal Development in 
the learning process.  In general, the ZPD focus on understanding current level of a 
child's achievement and provide support (scaffold) in the learning process in order to 
enhance the child's potential in learning activities. The ZPD suggests that the learner 
can achieve an understanding of the knowledge beyond they expected with the use of 
scaffolding which describe the importance of providing support for the student in the 
learning process. The feel of boredom and anxiety can be minimized with the  
assistance of the scaffolding whether it relates to the existence of a human, tool or 
technology.  

The concept of scaffolding allows the slow learner to learn reading based on their 
need.  The scaffolding assists the slow learner during the reading activities until they 
have mastered certain level which shows they can learn reading on their own.  At the 
first stage of the learning process, the reading activities begin when the teacher does 
the demonstration to the slow learner on how to read by introducing the read aloud 
activities. This process considers slow learner as a beginner. At this stage, the teacher 
chooses suitable material for teaching purpose.  After the slow learner has shown 
their interest to learn and voluntarily want to participate in the reading activities, the 
teacher can change their role from a demonstrator to the reading partner by sharing 
reading material with the slow learner in an enjoyable manner. The process continues, 
and after the slow learner able to read on their own, the slow learner is allowed to 
learn independently and they also can choose their own reading materials. The scaf-
folding concepts indirectly guide and encourage the slow learner during the reading 
process, and after the slow learner has shown some improvement, they are allowed to 
perform an independent reading. The concept of scaffolding is suitable to be adapted 
in the reading technology as an eBook. The interactive reading buddy suggested by 
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the scaffolding concept able to grasp the slow learners attention and perhaps able to 
provide an opportunity to make them learn reading in a most enjoyable manner.  

8 Conclusion 

In general, personalization idea promises to provide individual learning to each indi-
vidual learner.  Despite limited studies on the implementation of the personalization 
to learner with learning disabilities, we see that the concept of personalization is ideal 
to be implemented in the educational field, especially when dealing with the slow 
learner children who have limited abilities in literacy skills, especially in reading. 
This study reveals the difference characteristics of the slow learner from the prelimi-
nary investigation conducted. Other than that, the concept of the personalization also 
has a potential in assisting slow learner difference characteristics, variation in reading 
ability, reading style and needs. In conclusion, apart from that the exploration on the 
relevant principle, the scaffolding, this study also provides the benefit for the re-
searcher in understanding in depth on the implementation of the personalization 
which not only require the information technology related strategy or approach, but 
also need more consideration beyond that which includes an adaptation of other  
related principles.  
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Abstract. Web analytics in the learning environment is the use of intelligent da-
ta, learner-produced data, and analysis models to discover information and so-
cial connections. This paper describes a web analytics and visualization tool 
which collects, analyses and visually represents the data collected in an  
e-learning environment. The goal of this tool is allow the teacher to better un-
derstand his students’ behavior in front of the environment and support the de-
cision making related to the pedagogical content adapted to the students’ need. 

Keywords: learning analytics, information visualization, adaptive e-learning 
system. 

1 Introduction 

Web Analytics is the measurement, collection, analysis and reporting of internet data 
for purposes of understanding and optimizing web usage [5]. It helps to identify popu-
larity trends, to estimate how traffic to a website changes and also provides informa-
tion about the numbers of visitors and the number of page views. 

In the context of e-learning, it is usually named learning analytics, and it helps the 
measurement, collection, analysis and reporting of data about learners and their con-
texts, for purposes of understanding and optimizing learning and the environments in 
which it occurs. Web analytics in the learning environment is the use of intelligent 
data, learner-produced data, and analysis models to discover information and social 
connections. These gathered data can help teachers in discovery and understand stu-
dents’ behavior in their courses, in the collaborative tools provided by the system, and 
the system could predict and advise people's learning [10]. 

One problem faced by teachers who use e-learning environments is to understand 
the students’ needs. One way to deal with this issue is to collect data about the stu-
dents’ actions and interactions with the e-learning environment and analyze it to gath-
er useful information and to present the best contents adapted to students’ needs and 
profile. 

Although web analytics tools can help teachers discovering students’ behaviors and 
trails, some tools are difficult to understand and to extract information, because their 
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diversity of the metrics or their poor usability. Visualization information techniques 
can be applied in these tools, helping user to understand the data generated. Informa-
tion visualization (InfoVis) produces visual representations of abstract data to rein-
force human cognition; thus enabling the viewer to gain knowledge about the internal 
structure of the data and causal relationships in it [6]. 

In this work, we describe a tool for mining and visualizing student’s interaction to 
an adaptive web-based educational system that we have developed in order to help 
teachers/instructors to discover student’s behavior.   

This paper is structured as follows. In the section 2 we present the related works. 
Section 3 introduces the adaptive e-learning system where the tool was integrated. 
Section 4 presents the functionality of the tool to mine and analyze student´s interac-
tion and behavior, how the students' data is collected and the defined metrics. Section 
5 describes the visualization tool, how the defined metrics are converted into a graph-
ical and interactive visualization tool and how teachers can benefit from it. In section 
6 experimental results obtained are then discussed, showing how the experiment was 
planned and conducted and also the interpreted results. Finally, in Section 7, conclu-
sions and future work are presented.  

2 Related Work 

Learning Analytics intends to collect data about and produced by learners in order to 
use it to enhance education and learners’ success. These data can be used in several 
ways and with several different reasons. The Open Learning Analytics platform [11], 
for example, is focused in four groups: learners, educators, administrators and re-
searchers. While learners view data regarding their progress in the course, educators 
view information that can help them to know what has impacted on the learners’ en-
gagement; administrators view statistics about the courses and researchers can use this 
data to discover new information. 

While the Open Learning Analytics platform has focus on four distinctive groups, 
the Student Activity Meter (SAM) [4] focuses only at the learner and the teacher. The 
tool aids learners to see how they spent their time and also recommend materials to 
them. In the other hand, teachers can see what and how students are doing, where they 
are spending more time and which are the most popular materials. 

There are also tools as eLAT [1] that focuses only on the teachers and aims to 
process all the data quickly considering privacy aspects and individual interests. This 
tool enables teachers to explore and correlate the learning object usage, user charac-
ter, user behavior and assessment results using a graphical interface and, by doing 
this, they can reflect and identify opportunities for improvement. 

Our proposal has similarities with these works, since we focus on helping teachers 
to better understand their students’ behavior in the system. In the future, we also in-
tend to recommend some action to the teachers (e.g. improve their communication  
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with the students, changes in his navigational paths, etc.) and to the students (e.g. 
recommendations about their engagement, works and tasks, etc.) based on the learn-
ing styles, patterns and behaviors discovered. 

3 AdaptWeb 

AdaptWeb (Adaptive Web-based learning Environment) is an adaptive e-learning 
environment whose purpose is to adapt the content, presentation and navigation in an 
educational Web course, according to the student’s profile. Currently, it is an open 
source environment in operation in different universities. This adaptation is based in 
the student's profile, such as his knowledge about a certain concept, his navigational 
preferences and his background. Another feature of the environment is the ability to 
offer a discipline to more than one course. For example, the same Calculus discipline 
can be offered to the courses of Computer Science, Electrical Engineering and Civil 
Engineering with its content properly adapted.  

In AdaptWeb, the student has access to three sections: Class Environment, Mes-
sages Board and Discussion Forums. Each one of these three sections is part of an 
offered discipline in a certain course. In other words, the system make available  par-
ticular content to each profile, e.g., a Calculus student from Computer Science can 
see, in all the three sections, only the content available for Computer Science stu-
dents', while an Electrical Engineering student will see only the content available to 
Electrical Engineering students'. 

The discipline's content can be seen in the Class Environment. From this section, 
the student can obtain access to the concepts, examples, exercises and complementary 
materials. The student can access this section by two different ways: Tutorial mode or 
Free mode. 

In the Tutorial mode (guided tour), prerequisites criteria among concepts determine 
the student’s navigation, and navigation adaptation is based on the register of con-
cepts studied: every time the same student accesses the web course, the colors of the 
menu links are restored. In the Free mode, the student can study any concept available 
in the navigation menu. The colors used follow the usability rules by Nielsen [9], that 
is, we adopted blue for links that were not accessed (but they are accessible to click), 
and purple for the accessed ones. For concepts that the student is not allowed to see 
(tutorial mode) the color of the link is black, and the mouse cannot click on them [2].  

In the Messages Board section, the student can see the messages of his 
course/discipline from the last 30 days. These messages can be from another student or 
from the teacher, and they can be public or private. Beyond sending a message to the 
class (students and teacher), the student can also send a message only to the teacher. 

Finally, the Discussion Forum section allows students to interact with each other. 
They can create discussions (topics) about some subject of their interest and get aid to 
accomplish the exercises or to understand a concept.  
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The module collects data from different sources. First it collects data from the 
AdaptWeb environment, where it reuses the existing logs of the database and then it 
includes an embodiment of Piwik, an open-source web analytics tool. Piwik helps the 
capture and storage through page tagging with a JavaScript code embedded in the 
source code of AdaptWeb' pages. Based on the data collected, the data analysis mod-
ule was developed considering the metrics defined in Table 1: 

Table 1. Metrics of the web analytics tool 

Group Metric Derived metrics 

General use Total number of students visiting the e-
learning system 

Total Visits per student 

Individual access time in each discipline Students' Average Access time 

Frequency of student access Frequency of access 

Technological user data Browsers 

Operation Systems 

Screen Resolutions 

Access time in each section Total Hits to each section 

Class 
environment 

Access time in each section Navigation Mode 

Concepts Total Hits to Concepts 

Examples Total Hits to Examples 

Complementary Materials Total Hits to Complementary 
Materials 

Performance of tasks Total Hits to Exercises 

Internal search Total Use of The Search Engine 

Keywords searched 

Discussion 
Forum 

Participation in the discussion forums Total Hits to Topics  

Total Topics Created 

Total Answers 

Messages Board Interaction via messages Total Sent Messages 

Types of Sent Messages 

Total Views 

 
The goal of the data analysis module was to provide metrics for the visualization 

module and also being flexible and extensible to future work. Its structure can easily 
be incorporated into other modules of the environment, delivering information in a 
standardized manner. The metrics are related to data from the environment where they 
were captured, which can be parameterized by student, teacher, discipline and course. 
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After a month, we had sufficient data to support different analysis. We invited the 
teachers to participate in our first usability test. An experiment of observation and 
analysis with one of the teachers was conducted. In this experiment the developers 
presented the tool to the teacher and asked him to use it. The teacher could express 
himself anytime while he was interacting to the tool (beyond the observation, we had 
used the thinking aloud protocol). After the observation section, the developers dis-
cussed the tool with the teacher and understood the challenges and details of the visu-
alization tool. 

As the first results, the graphical representations of the metrics were easily unders-
tood by the teacher; however he had some difficulties while selecting the metrics 
because he could not visually distinguish which metrics could be analyzed together 
and which could not. The teacher needed to be guided to try features such as changing 
the type of frequency of the Frequency of Access (e.g. grouped by month,  by week, 
by day) and the features of the detailed information table, however, after he used it for 
the first time, he considered it very useful. 

Concerning to the mapped metrics, the teacher missed the option to analyze the 
metric Frequency of Access with others such as Total Hits to Concepts, Total Hits to 
Examples, Total Hits to Exercises and Total Hits to Complementary Materials. He 
also mentioned that a new metric, Student’s Path, could also be interesting, to visually 
identify students trails and, perhaps, to change some of his discipline structure.  

7 Conclusion and Future Works 

In this paper we presented a web analytics and visualization tool to help teachers to 
understand student´s behavior in an adaptive e-learning environment. This tool con-
sists of three modules: i) data collection module, ii) data analysis module, and iii) data 
visualization tool, which enables the teacher to visualize and interact to the generated 
analyzes. Our tool was integrated in the AdaptWeb environment, an adaptive e-
learning system used in our university.  

We have conducted a case study, tested with data collected from two courses —
Computer Science and Information Technology, aiming to identify the prior usability 
problems related to the visualization tool, and to discover whether the metrics satisfy 
teacher’s needs. The preliminary results demonstrated the importance of well de-
scribed metrics and filters. Currently we are conducting other experiments, in order to 
improve our tool.     

Future work will include the integration of our web analytic tool with more discip-
lines from different courses and areas of knowledge. We also plan to enhance our tool 
with intelligent recommendation support and evaluate its usefulness and usability. 

References 

1. Dyckhoff, A.L., Zielke, D., Bültmann, M., Chatti, M.A., Schroeder, U.: Design and Im-
plementation of a Learning Analytics Toolkit for Teachers. Educational Technology & So-
ciety 15(3), 58–76 (2012) 



 A Web Analytics and Visualization Tool to Understand Students' Behavior 321 

 

2. Gasparini, I., Eyharabide, V., Schiaffino, S., Pimenta, M.S., Amandi, A., Palazzo, M., de 
Oliveira, J.: Improving user profiling for a richer personalization: modeling context in e-
learning. In: Graf, S. (ed.), ch. 12, pp. 182–197. IGI Global (2012) 

3. Gershon, N., Eick, S.G., Card, S.: Information visualization. Interactions 5(2), 9–15 
(1998), http://doi.acm.org/10.1145/274430.274432 

4. Govaerts, S., Verbert, K., Duval, E.: Evaluating the student activity meter: Two case stu-
dies. In: Leung, H., Popescu, E., Cao, Y., Lau, R.W.H., Nejdl, W. (eds.) ICWL 2011. 
LNCS, vol. 7048, pp. 188–197. Springer, Heidelberg (2011) 

5. Hasan, L., Morris, A., Probets, S.: Using Google Analytics to evaluate the usability of e-
commerce sites. In: Kurosu, M. (ed.) HCD 2009. LNCS, vol. 5619, pp. 697–706. Springer, 
Heidelberg (2009) 

6. InfoVisWiki - Information Visualization community platform (2014),  
http://www.infovis-wiki.net/index.php/ 
Information_Visualization 

7. Jansen, B.J.: Understanding User–Web Interactions via Web Analytics. Morgan & Clay-
pool (2009) 

8. Kaushik, A.: Web Analytics: An Hour a Day. Wiley Publishing Inc. (2007) 
9. Nielsen, J.: Designing Web Usability: The Practice of Simplicity. New Riders Publishing, 

Indianapolis (2000) 
10. Romero, C., Santos, S.G., Freire, M., Ventura, S.: Mining and Visualizing Visited Trails in 

Web-Based Educational Systems. In: EDM, pp. 182–196 (2008) 
11. Siemens, G., Gasevic, D., Haythornthwaite, C., Dawson, S., Shum, S.B., Ferguson, R., 

Duval, E., Verbert, K., Baker, R.S.: Open Learning Analytics: an integrated & modula-
rized platform. Proposal to design, implement and evaluate an open platform to integrate 
heterogeneous learning analytics techniques (2011) 



 

P. Zaphiris and A. Ioannou (Eds.): LCT 2014, Part I, LNCS 8523, pp. 322–333, 2014. 
© Springer International Publishing Switzerland 2014 

Markov Chain and Classification of Difficulty Levels 
Enhances the Learning Path in One Digit Multiplication 

Behnam Taraghi, Anna Saranti, Martin Ebner, and Martin Schön 

Graz University of Technology, Münzgrabenstr. 35/I, 8010 Graz, Austria 
{b.taraghi,martin.ebner}@tugraz.at,  

s0473056@sbox.tugraz.at, mrtnschn@googlemail.com 

Abstract. In this work we focus on a specific application named “1x1 trainer” 
that has been designed to assist children in primary school to learn one digit 
multiplications. We investigate the database of learners’ answers to the asked 
questions by applying Markov chain and classification algorithms. The analysis 
identifies different clusters of one digit multiplication problems in respect to 
their difficulty for the learners. Next we present and discuss the outcomes of 
our analysis considering Markov chain of different orders for each question. 
The results of the analysis influence the learning path for every pupil and offer 
a personalized recommendation proposal that optimizes the way questions are 
asked to each pupil individually. 

Keywords: Learning Analytics, One digit multiplication, Knowledge discov-
ery, Math, Markov chain, Primary school. 

1 Introduction 

Generally, recommender algorithms use the implicit data generated through monitor-
ing the users’ interactions with the underlying system to understand better the hidden 
users’ preferences. Once the users’ interests are known, the system can provide per-
sonalized recommendations to the users that best suites their needs and interests. 

Recommender systems in e-learning applications follow the same approach [1]. 
The analysis of chronological user activities or user traces (sometimes called user 
navigation) helps to provide personalized recommendations to the users [2].  

Learning applications in particular can benefit from such an approach too. Duval 
[3] pointed out that we have to think about learners’ traces and their learning efforts. 
Siemens and Baker [4] defined learning analytics as the measurement, collection, 
analysis and reporting of data about learners and their contexts, for purposes of under-
standing and optimizing learning as well as the environments in which it occurs.  

Graz University of Technology has been developing math trainers since 2010 with 
the aim to improve the basic math education for primary schools [5]. First of all the 
1x1 trainer [6] was implemented followed by the multi-math-coach [7] as well as the 
addition / subtraction trainer [8]. All applications can be used for free at the URL: 
http://mathe.tugraz.at.  
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In primary school, learning the one digit multiplication table is one of the major 
goals in the four-year lasting education. The learning problem seems to be trivial at 
first glance, but by studying the literature several difficulties unfold: Language impli-
cations in general [9], the role of math as first non-native language [10], pure “row 
learning” [11] etc. 

Therefore a web-based application was developed which on the one side can assist 
the learning process of the pupils and on the other side can enhance the pedagogical 
intervention of the teachers. The full implementation, the intelligent algorithm and the 
first results are described in [6].  

Several educational, pedagogical and psychological surveys classify various pu-
pils’ common errors in one digit multiplications. One common finding is the problem 
size effect [12][13]. Large multiplications such as 9*8 tend to have a higher error rate 
than smaller ones, such as 2*3. Therefore this set of questions is assumed to be more 
difficult to learn. [14], predict that errors in simple multiplication are more probable, 
if they contain the same digit as the correct result. Some studies investigated on easy 
and difficult groups of questions and denoted patterns of easy questions to learn, such 
as doubles, times five and square numbers [15, 16, 17]. However we could find no 
previous work dealing with the problem of one digit multiplication table computa-
tionally and analytically.  

We have already made a first computational analysis on the provided dataset, using 
a Markov chain model and classification algorithms, to discover some common struc-
tures within the answers of the pupils. These structures help to better understand the 
pupils’ behavior especially when they answer to the set of difficult questions. The 
results and the analysis are published in [18]. In this paper we present in more detail 
the clustering algorithm that is used to identify different difficulty classes in one digit 
multiplication problems. Furthermore, the outcomes of the analysis from our new 
Markov model are presented and discussed. The results are then used to influence the 
learning path within the application and hence provide a proposal for basic recom-
mendation of the asked question’s sequence.  

2 Methodology – Markov Chains 

Markov chains are used to model stochastic processes such as navigation models. 
There are many works investigating on Web navigation and human navigation pat-
terns on World Wide Web such as [19, 20, 21]. Another example is the Random Sur-
fer model in Google’s PageRank algorithm that can be seen as a special case of a 
Markov chain [22], where Web pages are represented as states and hyperlinks as 
probabilities of navigating from one page to another. In our model the answer types to 
each question represent the states and the probabilities to the answer type of the sub-
sequent same question in the sequence as transition links between states. In this sec-
tion we introduce the Markov chains formally. 
 
 



324 B. Taraghi et al. 

 

A finite discrete Markov chain of the first order is a sequence of random variables 
X1, X2, X3, …, Xn for which the following Markov property holds:  

P (Xn+1 = xn+1 | X1 = x1, X2 = x2, …, Xn = xn) = P (Xn+1 = xn+1 | Xn = xn). (1)

We assume that the probabilities do not change as a function of time, hence the 
Markov chains are time-homogeneous. 

A Markov chain of order k is described formally as follows: 

P (Xn+1 = xn+1 | X1 = x1, X2 = x2, Xn = xn) =  
P (Xn+1 = xn+1 | Xn = xn, Xn-1 = xn-1, …, Xn-k+1 = xn-k+1). 

(2)

The Markov chain of first order is characterized as memoryless, meaning that the 
next state depends only on the current state. Considering the Markov chain of order k, 
the probability of the next state depends on the k previous states. 

The Markov model is represented as a matrix P of all stochastic transition probabil-
ities between the states. Hence for n states, the Matrix P is of size n*n. Each row in 
the matrix represents the stochastic transition probabilities from one state to all the 
other states. As a result the sum of probabilities within a row is always 1.0. 

3 Answer Types 

In this paper we perform our analysis on the dataset from the database of “1x1 train-
er” application. The application puts each question to the pupils at least two times. 
Based on whether the submitted answers in the user history are correct or not, the 
answers for each question are classified into one of six different answer types. If a 
pupil answers a question for the first time correctly (answer type R that stands for 
RIGHT), the same question is asked once again later to ensure that the answer is truly 
known by the pupil. If a question is answered correctly for the second time (answer 
type RR), the application assumes that the user had already truly known the answer to 
the asked question. In contrast, if the pupil answers the question incorrectly in the 
second round (answer type RW) the application keeps asking the same question later 
on till the pupil answers it correctly (answer type WR). Answer type W (stands for 
WRONG) implies the first incorrect answer to a question. Answer type WW implies 
an incorrect answer to a question after a preceding wrong answer.  

Table 1 lists these six defined answer types and their definitions. The following ex-
ample illustrates how the answer types are assigned to each given answer. Assuming 
the application has asked a pupil the question 9*3 5 times in his history and the pu-
pil’s answers have been as follows: 27, 24, 26, 27, 27. The assigned answer types for 
this set of answers would be: R, RW, WW, WR, RR. The defined answer types build 
the states of the Markov chain model in our analysis. 
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Table 1. Six different answer types and their definitions. “R” stands for “Right” and “W” for 
“Wrong” 

Answer type Definition Preceding answer Current answer 

R First correct answer - R 

W First wrong answer - W 

RR Correct answer given a 
preceding correct answer 

R R 

RW Wrong answer given a pre-
ceding correct answer 

R W 

WR Correct answer given a 
preceding wrong answer 

W R 

WW Wrong answer given a pre-
ceding wrong answer 

W W 

4 Difficult Questions  

In this section we begin with the analysis of probabilities and reaction times to identi-
fy the questions that are most difficult for the pupils. The probabilities of the occur-
ring answer types in the dataset reveal the most difficult questions. To identify the 
difficult questions most efficiently we divided the dataset to two subsets. The first 
subset includes only the R and W answer types. These are the questions that are put to 
the pupils by the application and answered by the pupils for the first time. The goal is 
to identify the questions that were mostly already known (hence easy) and those that 
were mostly already unknown (hence difficult) to the pupils before a learning process 
actually begins within this application. The second subset includes only RW, WR and 
WW answer types. These are the unknown questions answered by the pupils at least 
for the second time. The goal is to identify the most difficult as well as easiest ques-
tions within this subset of data. These are the questions that the pupils have repeated 
the most and least times till they got the correct answer. 

4.1 Subset of R and W Answer Types 

Figures 1 illustrates the questions that are quite easy (known by a high percentage of 
pupils) and the ones that are rather difficult (unknown by a high percentage of pupils). 
The 1x1 trainer application provides 90 multiplication problems (1*9 to 10*9), hence 
10 rows and 9 columns in the heatmap. The heatmap illustrates that the multiplica-
tions where 1, 2, 5, and 10 occur as operands can be classified as easy or most known 
questions, whereas 3, 4, 6, 7, 8 and 9 as operands build multiplications that can be  
 



326 B. Taraghi et al. 

 

classified as difficult or most unknown. From the first view it could be inferred that 
the pupils knew most of the questions beforehand. 7*8 and 6*8 are the first two ques-
tions that the most number of pupils have difficulties. 

 
Fig. 1. Heatmap of the asked unknown questions (multiplications) proportionally within the 
subset of R and W answer types. The rows correspond to the first operand of the multiplication 
and the columns correspond to the second operand. 

If we consider the reaction times consumed by the pupils - especially for the set of 
known (easy) answers (R answer type) - we can observe that the pupils need more 
time for the identified difficult unknown questions than for the identified easy ones. 
Figure 2 illustrates this result in a heatmap. It shows the average time consumption for 
each question individually from the set of known questions. This observation con-
firms our results about the identified difficult and easy questions.  

 

Fig. 2. Heatmap of the average time consumption from the set of asked known questions (mul-
tiplications) within the subset of R and W answer types. The rows correspond to the first ope 
and of the multiplication and the columns correspond to the second operand. 
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4.2 Subset of RW, WR and WW Answer Types 

Figure 3 illustrates the histogram of the 30 most difficult questions within this subset. 
6*8 and 7*8 are again the first two questions that have the highest probabilities. Fig-
ure 4 is a heatmap that illustrates the questions that are quite easy to learn (low proba-
bilities) and the ones that are rather difficult (high probabilities). It is can be seen 
again that the multiplications where 1, 2, 5, and 10 occur as operands can be classified 
as easy to learn questions whereas 3, 4, 6, 7, 8 and 9 as operands build multiplications 
that can be classified as difficult. 

 

Fig. 3. Histogram of the most 30 difficult questions within the subset of RW, WR and WW 
answer types. 

 

Fig. 4. Heatmap of the probabilities of questions (multiplications) within the subset of RW, WR 
and WW answer types. The rows correspond to the first operand of the multiplication and the 
columns correspond to the second operand. 

Considering the reaction times within this subset for correct answers (WR answer 
types) we can observe the same results as we did in the first subset (R and W answer 
types). Figure 5 illustrates this result in a heatmap. It shows the average time con-
sumption for each question individually from the set of correct answers (WR answer 
type). This observation reinforces our beliefs about the identified difficult and easy 
questions. 
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Fig. 5. Heatmap of the average time consumption from the set of correct answered question 
(multiplications) within the subset of RW, WR and WW answer types. The rows correspond to 
the first operand of the multiplication and the columns correspond to the second operand. 

5 Classification of Questions 

The goal is to classify the questions into different difficulty levels. The categorization 
bases on one dimensional data that represent the occurrence probabilities of answer 
types within the observed dataset. Beginning with the hypothesis that there are three 
difficulty levels, we used the k-means algorithm [23] to compute the three clusters. 

Figure 6 shows one possible hard classification of the data. Each data point is as-
signed to a specific cluster; the decision boundaries between them are linear. The 
algorithm is sensitive to the configuration of its initial iteration i.e. the assumption 
about the position of the cluster means. It is suggested that one runs the k-means algo-
rithms several times with different starting cluster means (usually randomly chosen 
samples from the dataset). Due to the fact that we had prior knowledge and interpreta-
tion for our data, each time we ran the algorithm we divided the sample's values in 
three equal intervals. In a second step we picked randomly a sample (that had a value 
in a particular interval) to be the initial mean point of its corresponding cluster. Dif-
ferent runs in our training data reveal that the number of questions that are classified 
as difficult varies between four to eight. Figure 6 shows the first difficulty level iden-
tified by 3-means algorithm. It contains eight questions that own the highest proba-
bilities within the dataset. The second difficulty level contains twenty two questions. 
The biggest cluster contains the set of easiest questions involving sixty questions with 
the least probabilities. 
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Fig. 6. Clusters representing the difficulties of questions as computed by the 3-means algo-
rithm. The upper figure demonstrates the three identified difficulty levels. The lower figure 
shows the questions within the first level difficulty cluster. 

In a second step we tried to identify the optimal number of clusters that best classi-
fies one digit multiplication questions with respect to their difficulty. We ran the k-
means algorithm using different number of clusters. The choice of the initial mean of 
each cluster was made in the same manner as in the three clusters case. Due to the fact 
that our training data contain only ninety samples and we don't have a test set, we used 
k-fold cross-validation to provide an estimate of the test error [24]. The quality measure 
that was used to indicate a potential improvement in our choice between different num-
ber of clusters was the averaged cumulative distance. The algorithm stops when the 
cumulative distance converges to prevent overfitting. The algorithm suggests that the 
optimal number of clusters is six. The cluster representing the most difficult problems 
contains 4 questions (level one) followed by 10 questions in level two.  

Figure 7 illustrates the six identified difficulty levels. 

 
Fig. 7. Clusters representing the difficulty levels of questions as computed by the 6-means 
algorithm. 
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6 Markov Chain Analysis 

In our Markov chain model the answer types to each question represent the states. The 
probability to the answer type of the subsequent same question in the sequence cha-
racterizes the transition link between these states. In other words, for each of the nine-
ty questions we apply our Markov chain model individually.  

Figure 8 illustrates the three dimensional plot of the Markov chain of six orders 
and all questions. For k >=2 the plots show the portion of each last (k-th) answer type 
for each question individually. As expected, most of the pupils answer the questions 
correctly once they get the questions for the first time. This can be observed in the 
first plot (high proportion of answer type R for k = 1). In the second round (k = 2) the 
majority of answer types are RR, which means that the pupils mostly answer correctly 
once they get the same question for the second time. The proportion of R and W an-
swer types comes to 0% while k >=2. This is in accordance with our definition of R 
and W answer types. They imply the correct and wrong answers to a question for the 
first time (without any preceding answer). A common observation over all questions 
is that the proportion of answer type RW decreases whereas the proportion of answer 
types WR and WW increases in k >=4. This occurs because a question that is asked 
repeatedly (ascending k) has a higher probability of not being answered correctly in 
the past (preceding steps). Looking precisely to each question individually we can 
observe a remarkable difference in the proportion of k-th answer type in different 
difficulty levels. This proportion value acts as a measure in our recommendation pro-
posal to weight each question depending on k (the step in which the application must 
decide which question to put as next). 

 

 

Fig. 8. Markov chains of all questions for k = 1 to 6. The x axis represents the question ids. The 
y axis represents the last (k-th) answer type within the chain of the length k. The z axis 
represents the proportion of last (k-th) answer type for each question and order k. 



 Markov Chain and Classification of Difficulty Levels Enhances the Learning Path 331 

 

7 Future Work 

The goal of our research was to develop applications for basic math education, which 
allow individualized learning. Each child should be assisted on its own and personal 
way. The data analyses presented in this publication will help to improve the applica-
tion in two different ways: the current empirical estimated difficulties of the question 
have to be adapted to the difficulty levels we have identified through this work. As-
suming a pupil answers the question X from the difficulty level n correctly. The next 
question (Y) should be selected from the difficulty level m whereas either m=n (the 
same) or m=n+1 (the next higher difficulty level n+1). If a pupil answers the question 
X from the difficulty level n incorrectly, the next question (Y) should be selected 
from the difficulty level m whereas either m=n (the same) or m=n-1 (the preceding 
lower difficulty level n-1). The proportion measure p from the analysis of Markov 
chains introduced in this work will be used as selection criterion from the set of new 
difficulty level m. For each candidate question Y within the set of difficulty level m 
and step k (the k-th time the pupil will answer to the question Y) the question Y that 
owns the highest proportion rate referring to answer type WR or RR will be selected. 
The chosen answer type depends on the preceding answer type (W or R for step k-1) 
to that question (Y).  

8 Conclusion 

In this work we analyzed the dataset from “1x1 trainer” application that was designed 
for primary school children to learn one-digit multiplications. We identified the ea-
siest and the most difficult questions by looking through the probabilities of different 
answer types of the pupils in two different subsets. The reaction time of the pupils for 
answering the questions was also taken into consideration. The result from both data 
sets was almost the same. The multiplications where 1, 2, 5, and 10 occur as operands 
can be classified as easy to learn, whereas 3, 4, 6, 9, and especially 7, 8 operands 
build multiplications that can be classified as difficult. We classified the questions 
into three difficulty levels (difficult, intermediate and easy) using k-means algorithm. 
We gained eight difficult, twenty two intermediate and sixty easy questions totally. 
The identified class of difficult questions contains the following eight multiplications: 
6*8, 7*8, 8*6, 8*7, 8*4, 8*8, 6*7 and 4*8. As can be seen, the difficult set is charac-
terized mainly by the operand 8. 

Next we identified an optimal number of clusters that best classifies one digit mul-
tiplication questions in respect to their difficulty. The algorithm suggests that six clus-
ters can optimally represent the different difficulty levels of the questions. 

Our Markov model analysis for each question leads to a measure that can be used 
in the recommendation proposal to improve the question selection algorithm in the 
application. 
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Abstract. Learning Management Systems –LMS supported by the Information 
and Communication Technologies to distribute knowledge at any time and to 
any place, to most different kind of people with different backgrounds. Human 
Computer Interface – HCI, use known metaphors that makes the mediation be-
tween human and machine. Because humans define the metaphors, final users 
can find some barriers to the comprehension of them. To evaluate LMS’s HCI, 
there are few paradigms available, but the only one who uses final users is the 
Usability Test – UT. These tests focus on evaluate the efficiency and efficacy of 
an interface, but seldom evaluate the user’s emotions. In order to do that, new 
researches point out the importance of having the emotions evaluated. This pa-
per aims to describe methods and techniques used to evaluate HCI using Usa-
bility Tests UT with emotions and validate one of them in the WebGD LMS at 
http://egc.ufsc.br/webgd/login/index.php. 

Keywords: Learning Management System, Human Computer Interface, Usabil-
ity Tests with Emotion. 

1 Introduction 

1.1 Research Problem 

Communities of people with some kind of impairment use the Word Wide Web – 
WWW for information, knowledge, education, leisure and so on, and these impair-
ments must be considered during the designing of an LMS. To allow these communi-
ties to use the WWW, and its benefits the Human Computer Interface - HCI must be 
accessible, and identifying barriers to the accessibility is an important issue. For that 
purpose the HCI Evaluations can be used. 

Some authors argue that are four mainly evaluation paradigms. Nielsen and other 
researches (1990, 1993, 1995, 2007) [7, 8, 9, 4], establish these four paradigms as 
Computing Procedures, Heuristic Evaluations, Inspections with Experts and Usability 
Tests. The Usability Tests – UT are the only one that can beapplied with users and 
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can be a powerful tool to find more about the possible problems of the interface and 
lead?  to new findings. 

Traditional UT are based on techniques of measurement with timing and errors 
logs to establish the performance of an user. In addition, concomitantly, researchers 
apply satisfaction queries and take notes during the evaluation. The results from a 
traditional UT are statistics evaluation from the measure of timing and errors which 
can be analyzed by a subjective human focus. Furthermore, analyze the query and 
researcher notes are made with the same subjective focus. 

In a Systematic Review of Literature (BERG, 2013) [3], Agarwal and Meyer [1] 
show that the emotions have important issues in the central questions for HCI. For 
example, these authors claim that the human being is more efficient and creative in 
solve a problem when they are happy. Sauer e Sonderegger (2008) [12] add to the 
discourse the concepts of joy, pleasure, fun and the satisfaction of the finished task, 
which also must be included in the HCI issues. Tzvetanova, Tang, e Justice (2007) 
[16] declare that positive emotions affect the memory, motivation and the feeling with 
the commitment. 

These findings lead the researchers to theorize that using emotions to evaluate 
HCIs can improve its accessibility. Then, in another Systematic Review of Literature 
(BERG, DATA) [3], seeking for UTs that use emotions found some methods and 
technics in which can evaluate HCI, as the section 1.2 Methodology explains. 

1.2 Methodology 

This paper uses a Mixed Method approach (quantitative and qualitative research me-
thods) as recommended by Creswell (2003). This approach considers using a combi-
nation of the two techniques to support reliance to the research, as the result of one 
might validates the second group of results and vice versa. In order to do so, the re-
search will use systematic reviews as recommended by Cochrane Collaboration, 
(COCHRANE COLLABORATION, 2013) [14]. The systematic review allows identi-
fying the most relevant articles about some theme using indexed articles data banks. 
The articles data banks used were Scopus and Web of Knowledge. 

The results of the review lead to the second step which is to choose one UT This 
was done by evaluating and comparing each UT to the other. The selection focused on 
the cheaper and faster method. This was necessary because of a low budget and just 
few researchers were available. 

The research was planned using the DECIDE framework (PREECE, ROGERS and 
SHARP, 2002) [11] which is a helpful tool to plan Social Science researche. After the 
planning, the UT will be applied in the WebGD LMS with deaf and hearing subjects 
to validate the UT and evaluate the LMS 

The results of the validation of the UT and the HCI evaluation will be present us-
ing descriptive narratives and with the support of a data miner, to cluster using a K-
Means algorithm and with graphic representations by density. The final regards will 
trace two conclusions: if the UT works, if the HCI of the LMS WebGD is accessible. 
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1.3 WebGD Learning Management System Accessible 

There are needs to allow the access of the blind and deaf people in the internet. Then, 
researchers from the Federal University of Santa Catarina – Brazil, are developing a 
Learning Management System accessible to blind, deaf and hearing people. Named 
WebGD the LMS has contents of Descriptive Geometry and is supported by Moodle 
(moodle.org, 2013) [6]. The LMS was created using the Universal Design, and by 
using rules and recommendations following the W3C (w3c.org, 2014) [18]. Fig. 1 
shows the WebGD home page. 

 

 
Fig. 1. Print Screen from the WebGD main entrance  

egc.ufsc.br/webgd, 2013 

The environment WebGD was positive evaluated by different evaluation para-
digms, by expert inspections, computing procedures and traditional usability test. The 
results of the evaluations could identify some barriers, and the researches could fix 
them. The next step is to improve accessibility. 

2 Systematic Review 

Considered with great scientific importance, a systematic review is one of the me-
thods used in most publications of a scientific nature in different areas (SCIVERSE 
SCOPUS, 2012) [13]. Then, to make the systematic review in Scopus and Web of 
Knowledge (THOMSON REUTERS, 2013) [15] the review use five words combina-
tions: usability, “emotional design”, “human computer interface”, “interface usabili-
ty” and “emotional design”. 

The constrictions that were made were two: articles with CAPES imprint and by 
relevancy. In Brazil, there is the CAPES (Coordination for the Improvement of Stricto 
Sensus High Grade Personal) which has an agreement with international publications 
to give free access to the Brazilian researchers. By this way, a research done with this 
endorsement can be traceable and is possible to confirm the research. Choosing the 
articles signed by CAPES, the result is 19 papers.  
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The second is to rank the results from the most relevant to less relevant, by the 
newest to the oldest and by number of citations and extract the five first one from 
relevancy, date and citations, resulting in eight most relevant articles. The table 1 
shows the title, first author and year of publication. 

Table 1. Titles, first author and publication year 

Title #1 author Year 

Beyond usability: Evaluating emotional response as an integral part 
of the user experience 

Anshu Agarwal 2009 

Designers of different cognitive styles editing e-learning materials 
studied by monitoring physiological and other data simultaneously 

Károly Hercegf 2009 

How is it for you? (A case for recognizing user motivation in the 
design process) 

Shane Walker 2008 

Interactive graphics for expressing health risks: Development and 
qualitative evaluation 

Jessica S. Ancker 2009 

Mobility, emotion, and universality in future collaboration Thomas Kleinberger 2007 
Participatory design with children in the development of a support 
system for patient centered care in pediatric oncology 

Cornelia M. Ruland 2008 

Virtual reality exposure therapy: 150-Degree screen to desktop PC Jennifer Tichon 2006 
Emotional Web Usability Evaluation Sylvia Tzvetanova 2007 

Font: BERG, 2013 

2.1 The Influence of the Emotion on Usability 

By reviewing the articles, it was possible to identify some concepts about the influ-
ence of the emotions on usability. From Agarwal [1], they affirm that humans have 
qualitative emotions experiences when they use a product or an interface. These emo-
tions are central when users judge the totality of the experience and this can affect the 
perception of the usability [1]. Researches demonstrate that the motivated users have 
less anxiety, more perception of your self-efficacy and have more positive attitude 
when using software (WALKER; PRYTHERCH, 2008) [17].  

Developing interfaces with more positive emotional responses is a necessity to the 
accessibility and achieving this requires that models must bring more friendly inter-
face,  becoming as near as humans communicate with each other (TZVETANOVA; 
TANG; JUSTICE, 2007) [16]. The cognitive theory proposed by Ortony, Clore e 
Collins (in TZVETANOVA; TANG; JUSTICE, 2007) [16] define emotions as reac-
tions with positive and negative valences to situations as events, actors and objects. 
Similarly, Ancker, Chan e Kukafka (2012) [2] describe emotional responses as  
positive, negative or mixed valences (ANCKER; CHAN, e KUKAFKA, 2012) [2]. 
Tzvetanova; Tang; Justice (2007) [16], affirm that the adaptive interfaces has more 
positive emotions valence then others. 

This research identifies also, some usability test to evaluate interfaces with emotion 
component. The usability test include verbal and nonverbal technics and psychologi-
cal metrics (AGARWAL; MEYER, 2009) [1]. Verbal methods consist of self-report, 
notes from testimonies (AGARWAL; MEYER, 2009) [1] and questionnaires in which 
the users give personal impressions with their own words (TZVETANOVA; TANG; 
JUSTICE, 2007) [16]. Just Agarwal e Meyer (2009) [1] do not use questionnaires, the 
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rest of authors cited the questionnaires as use full tool. These techniques have a limi-
tation: the dependence of the language, detain a transcultural use (AGARWAL; 
MEYER, 2009) [1]. 

More common nonverbal metrics include visual representation of the emotions that 
characterize feelings, like for example facial expressions. (AGARWAL; MEYER, 
2009) [1]. Psychological metrics compare heartbeats with skin resistivity. 
(HERCEGFI et al., 2009) [5]. The advantage of this nonverbal approach is that the 
user do not need to use cognitive effort, and the responses can be more near to user 
though. The table 2 show the identified tests for HCI evaluation with emotions. 

Table 2. Tests, resume, kind and authors identified 

Test Description Type Authors 
PAD Semantic 
Scale 

measure three important emotion aspects: 
pleasure, excitation and domain 

Verbal 
Agarwal e Meyer, 
2009 

Emocard 
consist in the selection of emoticons using two 
different emotions dimensions 

Nonverbal 
Agarwal e Meyer, 
2009 

INTERFACE 
investigate simultaneously heartbeats and skin 
resistivity when changing moods 

Psychological 
Hercegfi et al., 
2009 

SISOM 
self-reporting on symptoms and management 

Verbal 
Ruland, Starren e 
Vatne, 2007 

VRET 
allow the recreation of an anxiety situation, 
which evocate a similar emotional response as 
the in live therapy 

Verbal Tichon e Banks, 
2006 

BERG, 2013 

The next section, DECIDE Framework, the work will define which one will be 
used in the research. 

3 DECIDE Framework 

As proposed in the methodology, this research will use the DECIDE framework, a 
helpful tool to plan social researches. DECIDE was suggested by Preece, Rogers e 
Sharp (2002) [11], and is the acronyms of Determinate, Explore, Choose, Identify, 
Decide and Evaluate. 

Determinate Goals. The goal is test the WebGD LMS with deaf and hearing people 
using Usability Test (UT) with emotion component to identify for accessibility bar-
riers.  

Explore the Questions. The Web Accessibility Initiative (WAI, 2013) defines four 
characteristics of a website: perceptible, operable, understandable and robust. This 
paper will try to identify the perceptible characteristic of the WebGD LMS. The main 
question to evaluate is related to the emotional valences from WebGD’s interface, and 
the questions of this research is about design and colors. The questions are: 

• What did you feel about the colors of the environment? 
• What did you feel about the design of the environment? 
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3.1 Choose the Evaluation Paradigm 

The PAD Semantic Differential Scale, SISOM and VRET tests use verbal approaches 
(BERG, 2013) [3]. Verbal approaches means that a language is used, and language is 
one of the form that humans can try to represent one idea. In addition, languages imp-
ly in observe some codes, rules, and it is embodied of moral and ethics. Throughout 
this, to use language implies in some cognitive effort, to convert ideas to language, 
the human must search in your mind the rules, codes, moral and ethics to express 
yourself. 

By the other hand, the EMOCARD and the INTERFACE (Integrated Evaluation 
and Research e Facilities for Assessing Computer-users' Efficiency) are nonverbal 
methods. EMOCARD consist in the selection of one emoticon in a chart, with two 
important emotions aspects: „pleasantness” and „arousal”. The INTERFACE investi-
gate psycho physiologic behavior by crossing heartbeats and skin resistivity on line to 
identify mental efforts. This nonverbal approach don’t uses verbal constructions and 
by this way, it avoids the cognitive effort on translating the idea in language, bringing 
up a more internal response, without rules, codes, morals and ethics. 

Then, in the research, it would be used the nonverbal approach, to allow to the user 
to express. The INTERFACE require specific and expansive equipment, and an expert 
to do the investigation process. As the research has low budget and a few participants, 
this tool could not be used. Otherwise, the EMOCARD tool offer simplicity, do not 
need any expensive cost, and can be done with two or three experts. Because of that, 
the research will use the EMOCARD to evaluate the WebGD LMS. 

 
RUSSEL, 1980 

 
DESMET, 2002

Fig. 2. Russell’s Circumflex of Affect Fig. 3. EMOCARD 

Emocard. The EMOCARD, was developed by Desmet (2003) [4] and consist in the 
selections of drawing faces expressing emotions between two emotional aspects: 
„pleasantness” and „arousal” (AGARWAL; MEYER, 2009) [1], allowing nonverbal 
evaluation. The EMOCARD was developed based on 1980 Russell’s circumflex of 
affect, in Fig 2. Desmet (2003) [4] developed a nonverbal self-report method in the 
aim to identify emotions in products or interfaces and call them EMOCARD. This 
method is based in a chart, with drawings of eight human faces, each one representing 
one emotion. The drawings allow evaluating the valences felt during a HCI use, Fig. 3 
shows the Desmet’s EMOCARD. At this point, the research has defined the Usability 
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Test EMOCARD that uses emotion to evaluate Human Computer Interface in Learn-
ing Management System accessible WebGD. The decision afetr identifying methods 
using a systematic review, selecting nonverbal methods to avoid cognitive effort and, 
finally, selecting in accordance to the restrictions of research the EMOCARD  
DESMET, 2003 [4]. 

3.2 Identify the Practical Issues 

Two practical issues will be considered here, the first one is related to the timing and 
de second one is define the research subjects. 

Timing. The timing will use five weeks since the subject definition to the results. The 
table 3 shows the stages and the dates of the research 

Research Subjects. To choose the research subjects, the characteristics shall be ba-
lanced as in gender, as deaf and hearing people to make reliable comparisons. The 
deaf people selected must know the LIBRAS (Brazilian Sign Language) because the 
LMS has LIBRAS contents, and this have to be evaluated. 

Table 3. Timing chart 

Action 
2013 

JAN FEV 
15 – 22 23 – 31 1 – 7 8 – 15 16 – 23 

Identification of the research subjects X     
Scheduling the research subjects X     
Research  X X   
Data tabulation   X   
Data analyses    X  
Results     X 

BERG, 2013 

About the skills of the research subjects, all of them, must be experienced in inter-
net navigation, as Nielsen e Loranger (2007) [10] premises. This is the use of the 
internet for more than four years, more than ten hours by week and have a third of 
internet advanced behaviors: chat use, change favorite names, update browsers, create 
their own homepages and follow technologies trends. 

Table 4. Research Subjects 

Type 
Gender 

Man Woman 
Deaf 3 3 
Hearing 3 3 

BERG 2013 

To determinate the amount of research subjects it was considered the recommenda-
tions from several authors. Preece, Rogers e Sharp (2002) [11], recommended six or 
seven subjects. Dumas e Redish (1999) [8], claim the ideal amount varies since five to 
twelve subjects. The reasons to choose this amount is the low budget (NIELSEN e 
LORANGER, 2007) [10], timing (PREECE, ROGERS e SHARP, 2007) [11], as well 
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as avoid repeating of the results (NIELSEN e LORANGER, 2007) [5]. Because of 
these recommendations, twelve research subjects was choose as table 4 show. 

Then, it was choose twelve research subjects, six deaf and six hearing people, from 
the both genders and with high internet skills. 

3.3 Deciding How to Deal with the Ethics 

The first ethic issue is about the anonymity of the subjects. No one was identified by 
personal data or social questions as religion, ethnics or political affiliation, just by the 
profile. The second issue, researchers make the subjects know that is the environment 
is in evaluation and not them. The third issue is that the answers could not identify the 
subject. 

3.4 Evaluating 

The last DECIDE step is to apply the research. To evaluate the Human Computer 
Interface - HCI of the Learning Management System - WebGD LMS accessible the 
subjects could navigate in the environment to do be familiar with. After this familiari-
zation it was asked to answer the two questions. The answers should be signed in the 
EMOCARD. At the end of the research, the EMOCARD was collected and the sub-
jects were dismissed. The EMOCARDS with the answers are tabulated and prepared 
for analysis. 

4 Results and Comments 

After the evaluation, the tabulation was made and in this section the data will be ana-
lyzed. The questions “What did you feel about the colors of the environment?” and 
“What did you feel about the design of the environment?” was answered signing in 
the EMOCARD the emotion felt. All twelve-research subjects had answered the two 
questions. The first analyze is the general results, in which the figure 4 show. 

 
The authors, 2014 

Fig. 4. General Results of the reseach 
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The two emotions more signed was relaxation and sleepiness, both with seven 
signs (29%). The excitement was five times signed (20%), pleasure and displeasure 
was two times signed (9%) and depression was one time signed (4%). No one of the 
subjects has signed arousal and distress emotions. As general result, the positive va-
lences domain the WebGD HCI. 

4.1 Analyzing Questions 

The analysis of each question shows different results. To do this analysis it was used 
The Rapid Miner to process the data and generate a specific kind of representation. 
The data was tabulated in the Microsoft Excel and mining to do a clusterization of 
them. This clusterization allows to generate a nonusual graphic representation and 
was elaborated using three steps, using the following tools: Read Excel, Select 
Attribute and Clustering with K-Means. In this paper the authors will not try to ex-
plain all functions of the Rapider Miner, just the procedures. 

After the execution of the clustering process it was chosen the density graphic re-
presentation. This density graphic representation allows the visualization of the clus-
ters and the inter-relationship among the results. This algorithm uses color density and 
it is quite simple: each data point contributes to all pixels depending on the distance of 
the pixel data point. The color is calculated as distance – average weight of all points 
of each pixel, showing the dependency between the three dimensions of a cluster. 

Color Results Analyzes. The answers of the question “What did you feel about the 
colors of the environment?” were analyzed and identified the most signed emotion as 
the sleepiness. Relaxation and excitement was three times signed, depression and 
displeasure was signed once. None of the research subjects has signed distress, arous-
al and pleasure. The dominant emotions as suggest this result are neutral to positive 
balanced. Processing the data in the data miner, after clustering the results, was gene-
rating the color density graphic representation as shown in fig. 5. 

 
The authors, 2014 

Fig. 5. Color density graphic representation from the question “What did you feel about the 
colors of the environment? 
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This color density graphic representation can give new interpretation of the results. 
The process has allocated the answers valenced as positive, negative or neutral. The 
positive valences are the blue color, the red is neutral and the green color is negative. 
In this case, the predominant color is green, that represent the negative valences. As 
can be seen at the figure 5, the blue color (positive valences) and the red color (neutral 
valences) have smaller area then the green color. Therefore, the question about the 
colors from the WebGD, regarding this graphic representation using color density, 
lead to the conclusion that the Human Computer Interface of the Learning Manage-
ment System has negative valences. 

 
The authors, 2014 

Fig. 6. Color density graphic representation from the question “What did you feel about the 
design of the environment?” 

Feeling Result Analyzes. The answers for the question “What did you feel about the 
design of the environment” show the most signed emotion as the relaxation with four 
signs, de second one was sleepiness three times signed. Pleasure and excitation was 
signed two times and displeasure was signed once. None of the research subjects has 
signed distress, depress and arousal. this result suggest that the dominant emotions are 
positive to neutral balanced. After processing of the data, it was also generated the 
color density graphic representation as shown in figure 6. 

In this turn, the clustering process and the color density graphic representation de-
fine different colors. The blue color is still representing the positive valences, but the 
green color concentrate now the neutral valences and the red area the negative va-
lences. In this graphic representation, the predominant area is the green – neutral va-
lences, and the smaller areas, blue and red, the negative and positive valences. 

5 Final Regards 

This paper has presented a research of Usability Test it’s use to evaluate some designs 
questions from the WebGD LMS, an accessible Learning Management System, 
created to teach descriptive geometry to people with hearing and visual impairment, 
and people without impairment. The research identified, through a Systematic Review 
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of the Literature, five Usability Tests that use emotional responses. To select one tool 
to do the evaluation, verbal methods was discarded because they require some cogni-
tive effort. Then, the INTERFACE and the EMOCARD, as nonverbal methods, were 
examined and it was chosen the EMOCARD because it is fast to use and need few 
resources. The planning of the evaluation was made with the DECIDE framework 
following the Preece, Rogers and Sharp (2002) [11] recommendations, where was 
defined practical issues about the objective, questions, timing, research subjects, eval-
uation paradigm and ethical questions. The evaluation was performed and all of the 
twelve research subjects answered the two research questions about color and feelings 
from the WebGD’s interface. 

In the first moment the analysis the rough numbers from the question “What did 
you feel about the colors of the environment?” show some neutral – positive valences, 
but, the result using color density with data clusterization give a negative valence 
perspective. As the same way, the initial results of the “What did you feel about the 
design of the environment?” question leaded to a positive to neutral valences, but, 
again, the graphic representation with color density show that the LMS has neutral 
feelings. Independently the method used to analyze the results, the environment was 
valenced differently. The general results show that the overall HCI is positive va-
lence, but, looking in each question separately, the results show that the environment 
is negative valance for colors and neutral valence for the feeling about the HCI. Then, 
it is possible to conclude that the Human Computer Interface from the Learning Man-
agement System accessible WebGD has some barriers to the accessibility in the col-
ors with the negative valence and the feeling with neutral valence. 

Detecting these barriers leaded the developers to create a new proposition, beyond 
the rules and recommendations. At this time the developers and designers considered 
the human emotion to build a new HCI. Figures 7 show the new lay out of the front 
page of the WebGD LMS. 

 
Silvia Quevedo, 2013 (Videobes) 

Fig. 7. New WebGD Interface 

The developers of the WebGD LMS now are implementing this recomendations. 
This paper showed how evaluating a Human Computer Interface can give new solu-
tions from HCI problems. In the next step of the research is to set a new evaluation 
process in the new interface in the aim to validate it. 
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Abstract. This research paper focuses on the relationship between flow experi-
ence and multimodal learning environments. Flow experience has been defined 
as the state in which an individual feels completely absorbed and fully engaged 
in an activity. This concentration and complete engagement can lead to optimal 
learning. Several scholars in the areas of distance learning [2] and game-based 
learning [3] highlighted the relationship between high levels of flow experience 
and the effectiveness of technology-enhanced learning environments. Yet, this 
theory has not been applied in the area of multimodal learning environments, 
were multiple forms of technologies are provided to collocated learners. The 
purpose of the present study was, by studying an HCI course, to explore learn-
ers’ flow experience and to understand the affordances of that promote flow  
experience. Findings suggest that flow experience does exist in collaborative 
activities within a multimodal learning environments and that it offers a useful 
construct to understand the affordances of technology in similar learning  
environments.  

Keywords: Flow experience, multimodal space, CSCL. 

1 Introduction 

Csikzsentmihalyi [1] defined flow experience as the state in which an individual feels 
completely absorbed and fully engaged in an activity. Flow experience (flow) is an 
extremely rewarding experience, balancing challenge and skill. It allows the individu-
al to perform at an optimum level. It has been researched in many aspects of everyday 
life, from sports, to creative arts or work-related environments where this highly state 
of performance could be beneficial. 

In the literature, one can find a large number of research projects which comment 
on experiencing flow during a learning activity. These investigations were based on 
the premise that such an experience can improve learners’ motivation, interest and 
increase learning. More specifically, recent studies have investigated the relationship 
between flow and computer supported learning environments, in distance learning [2] 
and online game based learning [3]. Among their findings was the positive association 
between flow and effectiveness of these learning environments. 
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Nowadays, a wider palette of information technologies becomes available on our 
fingertips, promoting the use of multiple devices to assist us during every task. Tab-
lets, digital gadgets and interactive surfaces are blended together [4] offering fascinat-
ing spaces that could foster learning activities. Yet, limited attention has been paid in 
learners’ experiences within collocated learning settings where students blend differ-
ent interaction styles and move away from being focused in front of a single screen. 
How does a group occupying a shared space experience the multiple digital and phys-
ical tools around them? How do these technologies allow a group to experience flow? 
Is there a need for particular design principles that could foster flow experience in 
these environments? 

This research’s aim is two-fold. First, to explore students’ flow experience during 
problem based learning activities within a multimodal learning environment with 
authentic users and settings. Second aim of this study is to improve the multimodal 
learning environment by understanding the affordances of the environment that pro-
mote or hinder students’ flow experience. The paper starts with a description of the 
multimodal learning environment and then presents the findings of our study, in terms 
of flow experience and technology. Finally, we discuss the implications of these find-
ings and provide design principles to support flow experience and improve such mul-
timodal learning environments. 

2 Background 

Csikszentmihalyi [5] described flow as the optimal experience, “the state in which 
individuals are so involved in an activity that nothing else seems to matter”. Csiks-
zentmihalyi [1] further annotated flow as the optimal experience, the state in which 
people feel totally involved and effortlessly engaged in an act.  First experiments on 
flow included activities as diverse as creative arts, chess playing, dancing, rock climb-
ing. What these experiences had in common was that participants in each activity lost 
the sense of time and their self-consciousness. Summarizing up his investigations on 
flow, Csikszentmihalyi [5] indicated that this experience consists of multiple dimen-
sions;  the  balance between  challenge  and skill, clear goals and  immediate 
feedback, the intense concentration,  an emergence of action and awareness, the loss 
of self-consciousness, a sense of control, a feeling of time distortion, and experiencing 
the activity as intrinsically rewarding.  

Subsequent research has revealed several affordances of computer systems that are 
positively associated with an increase in users’ flow experience and in part to the 
effectiveness of a computer system. In Sicilia, Ruiz and Tomaseti [6], researchers 
measured consumers’ flow experience in order to evaluate and improve the effective-
ness of a website influencing marketing opportunities. Higher levels of flow expe-
rience can enhance online visits and consumers’ enjoyment. Additionally, among the 
factors that have been associated with flow in computer systems is the different type 
of technology provided each time and user’s technology efficacy [7]. Furthermore, it 
can be correlated with particular features of the computer system, such as interactivity 
[8], modifiability, and flexibility [9]. Since flow encloses effective dimensions of 
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human behavior, it was revealed as an important aspect to be considered when design-
ing effective computer systems. 

From an educational perspective, the nature of flow experience as an intrinsically 
rewarding experience is what pushes people in flow to “higher levels of performance” 
[5], contributing to peak performance and learning. Researchers have largely invested 
their efforts in evaluating online learning systems and web-based instructional tools 
[2] [10]. Results by Liao [2] confirm that flow is a valuable element in distance learn-
ing environments and can support the engagement and commitment of students in the 
duration of an online course. In addition, identifying the importance of flow expe-
rience in game design, Kiili [11] used flow as a framework to facilitate positive user 
experience maximizing the impact of educational games. However, Pearce, Ainley 
and Howard [12] argue that the learning context raises new challenges in terms of 
producing highly engaged environments. We therefore understand that tested exem-
plars and design models are needed for particular technologies and specific learning 
activities. 

As indicated by Csikszentmihalyi, Abuhamdeh and Nakamura [13], flow construct 
is a valuable strategy in technology-rich learning environments. Flow experience was 
able to assist in designing and improving the learning experience for online instruc-
tional tools and game based learning applications. Yet, limited attention has been paid 
in collocated learning contexts where students use multiple technologies, blending 
different interaction styles. As technology progresses, we are no longer limited within 
online systems and multimedia game environments. The vision Weiser [14] once 
described as ubiquitous computing is now partially a reality, with so many technolo-
gies available on our fingertips, such as smartphones, tablets, and interactive surfaces. 
There are much more possibilities of blending these technologies together into some-
thing unified instead of using them independently.  

Therefore, the current study will approach the evaluation of a multimodal learning 
environment with everyday technologies by measuring learners’ flow experience. 
More particularly the purpose of the present study is initially to explore students’ flow 
experience within a multimodal learning environment, where their attention is no 
longer entirely focused on a single screen. Furthermore, we wish to understand the 
affordances of the multimodal learning environment that can promote or hinder learn-
ers’ flow experience, based our evaluation with authentic users and settings.  

3 Methods 

3.1 Context  

The study was part of a 13-week graduate-level course on Human Computer Interac-
tion (HCI). The course aimed to provide to the students a comprehensive vision of the 
area and a hands-on experience of the user-centered design process. A Problem Based 
Learning (PBL) approach was employed, where groups of self-directed learners 
worked collaboratively to form a solution to an open-ended problem [15]. The 3 hour 
weekly sessions of the course, were organized in 1-hour mini-lectures and 2-hour 
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group activities on solving a design problem. Mini lectures served as a triggering 
point for learners’ understanding towards particular issues of the user-centered design 
process. Group activities were situated in a multimodal learning environment to pro-
vide a collaborative work space for the design procedure. 

3.2 Setting 

In this section we will describe the design of the multimodal learning environment, 
which provides a set of physical and digital tools to support collaborative problem-
based learning activities. This technology rich workspace was developed for co-
located learners to work together towards the solution of a design problem, and also 
for them to be able to interact with each other between physical meetings [16].  

A large horizontal table surface with a downward pointing projection was chosen 
as the central focal point for the group activities. This table projection surface was 
powered by a Mac mini and controlled by a wireless keyboard and mouse. It was 
intended to provide a focal point for fertile discussion and support various collabora-
tive activities, such as the presentation of digital artifacts (e.g. images, notes).  

However, using a single surface to support the multitasking nature of the group 
was considered problematic. Therefore, portable devices, such as tablets, iPods, infra-
red pen and pen readers (IPPR) and laptops were provided to be used as needed. These 
devices aimed to support multitasking in web-browsing as well as record-keeping but 
also provided higher flexibility in the environment [9]. Tutors also encouraged learners 
to enrich the multimodal learning environment with their own portable devices, such as 
tablets and smart-phones, whenever they felt it was appropriate. 

 

Fig. 1. Multimodal Learning Environment. Left: Space Layout. Right: An example set-up. 
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In addition to digital gadgets, a social network site1 (SNS) was provided as a plat-
form for sharing information, communication and coordination. The SNS was used 
with a two-fold purpose. Initially, the SNS provided a communication and sharing 
channel between the members of the group while away from the physical learning 
space. This was considered important to keep group members connected and with  
the ability to coordinate group progress. The second aim of the SNS was to support 
the communication and sharing of information between the devices available within 
the multimodal information space (e.g. handheld devices, horizontal projection). Fi-
nally, physical tools such as a whiteboard and stationery (e.g., pens, markers, post-it 
notes) were also provided for each group to use as appropriate. The aim was to pro-
vide materials used in traditional problem-based learning settings. The layout of the 
multimodal information space is demonstrated in Figure 1. 

3.3 Participants 

Two tutors and a total of 21 post-graduate students (8 male, 13 female) from varied 
backgrounds (e.g., computer science, graphic arts, multimedia, and education) partici-
pated in the study. Students were divided in 4 groups of 5 to 6 students each. For the 
allocation of students in groups, we kept in mind the aim of creating multidisciplinary 
groups thus the procedure of forming groups was in part based on each student’s 
background. Therefore, each group was composed of members from different discip-
lines. 

3.4 Data Collection 

The ways to measure flow vary in literature based on the context and task under eval-
uation. For this study, we followed a mixed method approach to data collection and 
analysis to answer the questions posed. Both quantitative and qualitative data were 
gathered to measure student’s flow experience, their perceptions of the multimodal 
learning environment, and the ways in which technology supported their flow expe-
rience. 

At the end of each weekly laboratory session within the multimodal learning envi-
ronment, the facilitators kept detailed notes and reflections of what students had en-
countered during the meetings. In addition, students were also requested to keep a 
reflection diary and submit it weekly. Students’ reflective diaries were concerned with 
their overall learning experience but also referred to their experiences regarding flow. 
To support their reflections on flow as a holistic sensation we adapted a measure by 
Novak, Hoffman and Yung [17]. 

In order to understand flow experience as a process [12] during the 13-week 
course, a self-report questionnaire was administered three times during the course, at 
the beginning (Week 2), middle (Week 7) and end of the course (Week 12). This 
questionnaire aimed to assess students’ flow experience within the multimodal learn-
ing environment and was adapted from Jackson and Marsh [18]. This measure  

                                                           
1 In this case study the social network site in use was Facebook. 
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includes 36 Likert-type items with a 7-point agreement response scale (from 1: 
strongly disagree, to 7: strongly agree), designed to capture the nine dimensions of 
flow experience.  

At the end of the course, four focus groups were conducted (one with each group) 
to explore student’s flow experience within a multimodal learning environment and 
understand the affordances of this environment to promote students’ flow experience. 
Each focus group lasted approximately 30 minutes and was facilitated by a researcher 
who aimed to uncover the opinions of the individual learners as well as the shared 
viewpoints of the group members.  

4 Results 

4.1 Questionnaire Results 

A total of 20 students completed the questionnaire on flow during the three tasks. 
First the internal consistency for each subscale of flow was assessed using Cronbach’s 
alpha; all 9 subscales had acceptable internal consistency (Cronbach’s alphas > .60). 
Afterwards, all subscale mean scores were calculated and as demonstrated in Table 1 
were all above the midpoint of the response scale suggesting that participants were in 
flow during their activities within the multimodal learning environment. More specif-
ically, during the Task A participants were highly concentrated on the task at hand 
(M=4.12, SD=49) and felt that they lost track of time (M=3.98, SD=.68). During Task 
B, students reported increase in terms of the sense of control they had over the envi-
ronment they were working (M=3.55, SD=.77) and the goals were clearer (M=3.48, 
SD=.65). Finally, towards Task C, participants reported clearer goals (M=3.98, 
SD=.65) and feedback (M=3.63, SD=.63), greater sense of control (M=3.87, SD=.70), 
while the balance between challenge and skills was higher (M=3.94, SD=.64).  

Table 1. Subscales and Descriptive Statistics for Flow Questionnaires - (N=20) 

  Week 2 Week 7 Week 12 

Subscale  Items Means (SD) Means (SD) Means (SD) 

1. Challenge-Skills Balance 4 3.65 (.61) 3.7 (.75) 3.94 (.64) 

2. Action Awareness 4 3.21 (.81) 3.24 (.62) 3.88 (.67) 

3. Clear Goals 4 3.21 (.81) 3.48 (.89) 3.98 (.65) 

4. Unambiguous Feedback 4 3.07 (.68) 3.27 (.72) 3.63 (.63) 

5. Concentration on task  4 4.12 (.49) 3.75 (.94) 3.99 (.86) 

6. Sense of Control 4 3.38 (.80) 3.55 (.77) 3.87 (.70) 

7. Loss of self-consciousness 4 3.46 (1.11) 3.56 (1.10) 3.98 (.87) 

8. Transformation of time 4 3.98 (.68) 4 (.70) 3.60 (1.09) 

9. Autotelic Experience 4 3.75 (.62) 3.43 (1.00) 3.55 (.99) 

 
A graphical representation of the individual dimensions of flow per week is dem-

onstrated in Figure 2. We can positively identify the change in all flow dimensions 
and can presume that the results from Week12 are slightly improved and more con-
cise, compared to the sparse means from Week2. 
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4.2 Qualitative Data Analysis 

The investigators conducted a thematic analysis of the focus group data to understand 
participants’ flow experience within a multimodal learning environment and the af-
fordances of this environment to promote students’ flow experience. To improve the 
rigor and trustworthiness of the findings, the investigators used the observation field 
notes kept by the tutors and the reflective diaries kept by the students as a contrasting 
data source. The prominent themes found in learners’ self-report were fully consistent 
with the impressions the tutors had gained and recorded through observation.  

Next we discuss the core themes that emerged from the thematic analysis. Direct 
quotes are used throughout to provide evidence of the students’ experiences and con-
cerns raised during the focus groups. 

Theme 1: Technology did not Enhance Flow, but Acted as a Supporting Role for 
Keeping us in Flow. This core theme revealed the supporting role of technology in 
flow experience and how the technological aspects of the multimodal learning envi-
ronment affected their participation. Learners’ reported that even though they expe-
rienced flow, technology did not play a significant role in their experience.  

Group 1 participant: “I do believe that we could experience flow even without the 
technology. But I feel that technology was there to keep us in flow. We had too much 
information for record keeping that simple pen and paper would not be able to support 
us. The multimodal learning environment supported our activities.” 

Group 4 participant: “The whole atmosphere of the laboratory with the people 
working on the same tasks with the technology is something that helps experience this 
(flow). Technology gadgets and group work is a combination you cannot compete.” 

Fig. 1. Means of individual flow dimensions per week 

Week 2 Week 7 Week 12 
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Group 3 participant: “We never felt interrupted because something was not there or 
it was at a distance place. I think that the proximity and immediate availability of the 
physical and digital items in the environment played an important role on keeping us 
in flow.”  

More specifically, participants reported that the downwards projection kept them 
closely together during the face to face sessions and provided a central focal point 
during their interactions. The shared surface was extensively used by all the groups 
brought the group members closer, keeping them all together in flow. For example,  

Group 3 participant: “All my attention was focused around the projection on the 
table and nothing else seem to bother me outside the group activities. I was so focused 
on what we were doing that I could not even hear the rest of the class talking. It felt 
like we were the only team in the class.” 

Group1 participant: “The projection on the table was the most useful item within 
the environment […]. I do prefer having the downwards projection rather than a sin-
gle computer screen.” 

In addition, the SNS that was used as a communication and sharing tool to support 
in between session group activities, was considered an ideal tool for keeping the 
group motivated and in continuous contact with the project, keeping them in flow. 

Group 1 participant: “I think what made this all more realistic and kept us moti-
vated was the constant communication with my team through technology, for exam-
ple Facebook and Google documents. The familiarity we had with Facebook and the 
immediate communications – getting notification on my smartphone all the time – 
kept me up to date and in that amazing group mood.” 

Group 3 participant: “Facebook actually got fire! Due to our busy schedules this 
tool was the thing that kept us together focused on the project between the face-to-
face sessions.” 

Theme 2: I Felt Focused but not in Strong Flow while Working within the Mul-
timodal Learning Environment. This core theme was equally important and in-
cluded responses relevant to whether flow experience existed and how strong was this 
experience within the multimodal learning environment. Students supported that they 
were focused during the collaborative activities and that the multimodal learning envi-
ronment promoted learners’ flow experience but not in high intensity. For example, 

Group 4 participant: “I don’t believe that I experienced high levels of flow. Some-
times, mostly during the design process, I felt more focused and immersed in the ac-
tivity. I think that my interest towards design supported this feeling.” 

Group 1 participant: “I have felt this (flow experience) during our group work. 
During the course, I felt absorbed [...] but not intensively.” 

Yet, in contrary to the collective opinion of the group about the low level of flow 
experience, one participant argued,  

Group 1 participant: “I think I have experienced this (flow) 100%. I find it asto-
nishing the extent to which I became so immersed in the project work. The learning 
experience has been unparalleled.” 
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Theme 3: Feeling the Transformation of Time Within the Multimodal Learning 
Environment. The theme emerged from students’ responses on describing moments 
where they felt in flow within the multimodal learning environment. More particular-
ly participants identified that they were fully concentrated on the activities and that 
they lost track of time.  

Group 3 participant: “I actually realized I was in flow from the way time flies dur-
ing our activities.” 

Group 4 participant: “All the group members were totally focused and connected to 
each other producing high quality work. During those moments we completely lost 
track of time, it seemed to us that time was going really fast.”  

5 Discussion 

To this end, we analyze our findings in terms of how measuring flow experience as-
sisted on understanding the affordances of the multimodal learning environment and 
whether the technology supported or hindered this experience. 

5.1 Learners’ Flow Experience 

Our analysis of learners’ flow experience within the multimodal learning environment 
shows how learners’ levels of flow experience were above the mid-point of the re-
sponse scale on average, indicating medium flow experience. This finding also 
emerged as a core theme from the thematic analysis of focus groups and diaries 
(Theme 2), since students felt highly focused during group activities and experienced 
a transformation of time (Theme 3). However, students reported that this experience 
was not intensive but was rather kept at a medium to low level during the activities 
within the multimodal learning environment, with few exceptions of students with 
higher intrinsic motivation.  

5.2 Flow Experience as a Design Strategy 

An important finding in this study is that even though technology did not initiated 
learners’ flow experience, results indicate that technology successfully maintained 
flow. When learners described instances of flow experience within the multimodal 
learning environment, technology was not an important aspect of their experience. For 
instance, one participant argued that the team would be able to experience flow even 
outside the multimodal learning environment. Nonetheless, based on the thematic 
analysis, the role of technology was identified as supporting, acting on the back-
ground of collaborative activities (Theme 1). For example, the downward projection 
was indicated as a common focal point and managed to concentrate group’s attention 
on a particular task. Another example was the use of an SNS as a communication and 
interaction medium keeping motivation levels high. Therefore, technology within the 
multimodal learning environment maintained learners’ flow experience longer than a 
simple pen and paper environment would do.  
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As described earlier in the paper (Section 3.2), we enriched the learning environ-
ment with multiple digital tools and gadgets in order to support the multitasking of 
group work and flexibility of the workspace [9]. Having this multiplicity of devices, 
one of our considerations was to negatively affect the groups’ focused attention, and 
instead spread it across multiple devices. However, questionnaires’ results indicated 
medium to high levels of concentration on task at hand and focused attention towards 
the activity (M=3.87). Verifying the quantitative results, students argued that they felt 
completely focused and absorbed with the activities within the multimodal learning 
environment. Additionally, one group indicated that the proximity of objects within 
the space was an important element. Even though they choose to use them as appro-
priate having them immediately available “at hand” was considered a major advan-
tage for the learning environment. Therefore, the multimodal character of the learning 
space was able to maintain attention of the learners and their concentration on the 
activities, especially when the proximity between the multiple elements was high. 

Furthermore, what emerged from the analysis was the power of the table surface 
screen, rising as a “focal character” attribute [4] for the multimodal learning environ-
ment. The majority of the participants argued that the shared screen on the table was 
an extremely useful element within the learning space and was used during every 
session. The shared surface managed to provide a focus spot fostering the collabora-
tive activities of the team and bring the team closer together. Therefore, the proximity 
that surface table provided to the team is a necessary attribute to take into considera-
tion when designing similar learning environments. 

In addition, the SNS successfully kept each group in touch and active within the 
project work. Our findings are in agreement with results from the area of distance 
learning [2] where high motivation levels are required to reduce the drop-out rate of 
students from online learning systems. What the particular selection of the SNS adds 
is the increased levels of familiarity with the tools and the immediate feedback that it 
provided. For example, one member would post a particular argument for considera-
tion on the group page and even though he exited the application, a notification would 
be sent directly on his smartphone. Thus, we identify that clear feedback and imme-
diacy are important attributes in the design of such complex systems.  

5.3 Limitations and Future Directions 

One of the limitations of this research is the subjectivity in terms of the collected data. 
We understand that the fact that only self-reported and subjective data were collected 
may weaken the results of this research study. However, the systematic investigation 
of such complex environments with real users does not allow the use of more objec-
tive measures such as physiometric and psychometric elements. Through this explora-
tory study though, we have pinpointed that focus groups and reflective diaries were 
the most valuable tools providing a more holistic perspective of the flow experience 
of students. More specifically, in order to better understand the factors that allowed 
the students to experience flow, and to comprehend the affordances of the environ-
ment to support flow, qualitative approaches were more suitable. Still though, the  
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mixed method approach to data collection was considered too intrusive, detecting the 
need for the development of new instruments to capture this new multimodal  
experience. 

The literature would suggest that an increase in flow experience would positively 
affect learning and interaction within a learning environment [2]. In our investigation, 
this relationship was not explored within the multimodal learning environment to 
confirm previous findings. This association would be largely valuable for those teach-
ing and designing a similar course. Therefore, we would further extend the current 
investigation of the multimodal learning environment by measuring and correlating 
flow experience to the learning performance of the participants or particular learning 
activities. Such an investigation is necessary to prove multimodal learning environ-
ments as successful learning spaces and provide further examples and cases on using 
such environments in real context.   

Another issue identified in this research was the fluctuation of attention between 
weeks. Even though the multimodal character of the learning space was able to main-
tain their concentration on the activities, there was an unexplained fluctuation. This 
observation indicates that further investigation is needed towards understanding how 
is learners’ attention scattered across elements in the learning environment and how 
are different tasks affecting their concentration on the activity.  

6 Conclusion  

As technology constantly becomes more affordable, students are now using their own 
smartphones, tablets and handheld devices serving all their needs. Each class now is 
becoming a multimodal learning environment on its own. The possibilities are count-
less. But the way to handle all this technology so that we keep focus on tasks and 
performance high is still unexplored. The importance of this research lies beneath this 
need. It is important that researchers that lead and support the design of educational 
environments have models to draw upon. In the context of educational games and 
online learning tools the concept of flow has been extensively researched to assist the 
design of such environments and several design principles and models have been 
proposed. However in multimodal learning environments there is lack of exemplars 
and models for educators to draw upon in their practice. Therefore, in this study we 
enriched a collaborative learning environment with multiple interactive, digital and 
physical items (e.g. projector, SNS, tablets and smartphones), to support collaborative 
PBL activities. Our aim was to understand students’ flow experience and the affor-
dances of the technology-rich learning environment. Our analysis of learners’ flow 
experience within the multimodal learning environment provided important findings 
contributing to our understanding of learners’ behavior within a multimodal learning 
environment, and importantly, to further improving the design of the multimodal 
learning environment. 
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Attention Profiling Algorithm

for Video-Based Lectures

Josef Wachtler and Martin Ebner

Graz, University of Technology

Abstract. Due to the fact that students’ attention is the most crucial
resource in a high-quality course it is from high importance to control
and analyze it. This could be done by using the interaction and the
communication because they are known as valuable influencing factors of
the attention. In this publication we introduce a web-based information
system which implements an attention-profiling algorithm for learning-
videos as well as live-broadcastings of lectures. For that different methods
of interaction are offered and analyzed. The evaluation points out that
the attention profiling algorithm delivers realistic values.

1 Introduction

It is a known fact that students are confronted with a growing quantity of infor-
mation. Huge amounts of shapes, colors, and text are presented to them in many
different ways. Furthermore it is clear that they can handle and process only a
limited number of these information at the same time [1]. So most of them is
filtered out centrally [2]. It has been pointed out that a mechanism known as
selective attention is the most crucial resource for human learning [3]. This in-
dicates that managing this attention enhances both, behavioral and neuronal
performance [4]. [5]

Further important influencing factors of students’ attention are both, the
interaction and the communication. This means that they should be used in
many different forms (e.g. face-to-face, e-mail, live-chat or newsgroups) as well as
in all possible directions. So interaction and communication is not only important
from the lecturer to the students and vice versa. In addition the so-called student-
to-student communication and the interaction of the students with the content
itself are key factors of a high-quality learning process especially of a video-based
online-course. [6]

Furthermore the mentioned forms of interaction and communication should
be used to analyze the attention of the students. So the lecturer should be able
to gain more information about the students’ understanding of the content. In
addition this analysis helps to evaluate if both, the way of presenting and the
content itself are suited for the target audience. [7]

So it is clear that human learning processes are strongly depending on the
attention of each single student. Furthermore a more detailed knowledge about
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the progress of the attention of the students can help to adopt the lecture accord-
ingly. Due to these facts any mechanism helping to analyze students’ attention
is from high importance.

Based on the mentioned facts regarding students’ attention we like to intro-
duce an attention profiling algorithm which operates on interactions. This algo-
rithm is implemented by a web-application which provides different methods of
interaction and communication to learning-videos as well as live-broadcastings
of lectures. So this could be formulated as the following research-question: im-
plementing an attention profiling algorithm to fully analyze students’ attention
and evaluating it under realistic conditions.

At first Section 2 presents some related work. After that Section 3 explains
the functionalities of the web-application as well as the different parts of the
attention profiling algorithm. Finally an evaluation is shown in Section 4 and
discussed by Section 5.

2 Related Work

One possible solution to control and to analyze the attention is known as a so-
called Audience-Response-System (ARS) which enables the lecturer to present
questions to students during the lecture in a standard classroom situation. Fur-
thermore it offers different features of analysis. [8]

Many studies claim that an ARS is a very powerful tool to enhance both,
students’ attention and participation [9]. So for instance an ARS was compared
to other classroom communication methods (e.g. answering questions by cards)
by [10]. They pointed out that answering questions with an ARS leads to the
highest formal participation (100%). This is also confirmed by [11].

In addition Youtube1 provides some mechanisms of interactivity to enrich
the videos. So for instance it offers the possibility to add questions to videos.
However there are not very much features to fully analyze the answers as well
as the attention.

3 Implementation

This section explains the developed attention profiling algorithm in a detailed
way. For that the main functionalities of the web-application called LIVE2 are
presented (see Section 3.1) to clarify the operating-context of the algorithm in
question. This attention profiling algorithm is divided in two parts. The first one
is responsible for a detailed recording of the joined timespans of each single user
(see Section 3.2). The second part consists of the calculation of an attention-
level which is based on the reaction-times of the attendees to the interactions
(see Sections 3.3 and 3.4)

1 https://www.youtube.com/video_questions_beta (last accessed December 2013)
2 Short for LIVE Interaction in Virtual learning Environments.

https://www.youtube.com/video_questions_beta
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3.1 Functionalities of LIVE

As mentioned above LIVE enriches learning-videos as well as live-broadcastings
of lectures with different methods of interaction. For that it offers the video or
the live-stream to the attendees and if an interaction occurs it displays them as
an overlaying dialog (see Figure 1).

Fig. 1. An interaction occurs during a video

As a summarizing overview the following list presents the most important fea-
tures of the web-application which implements the developed attention profiling
algorithm:

– only available for registered and authenticated users
– different methods of interaction:

• automatically asked questions and captchas3

• asking questions to the lecturer
• asking text-based questions to the attendees
• multiple-choice questions at pre-defined positions
• reporting technical problems

– many different forms of analysis (e.g. the attention profiling algorithm pre-
sented by the following sections)

3.2 Recording Joined Timespans

The first part of the attention profiling algorithm implements a detailed record-
ing of the joined timespans of each single attendee. This means that for each

3 Short for Completely Automated Public Turing Test to Tell Computers and Humans
Apart.
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attendee it is possible to say at which time he/she watched which part of the
video or of the live-broadcasting.

For that two models are used (see Figure 2). If a user joins an event at the first
time and becomes an attendee of this event an instance of the JoinedUser -model
is created. Furthermore the method join() of this new instance is called to build
the first instance of the History-model. This sets the fields join relative as well
as join absolute and marks this History-object as active. So a History actually
records a joined timespan. For that it holds all relevant data about it in relative
as well as in absolute values.

While a user is joined the fields leave relative and leave absolute are updated
every five seconds. If the attendee leaves the event the according method is called
to mark the current History-object as non-active. On a further join it is required
to call the according method of his/her JoinedUser -object again which leads to
the construction of a further History-object. So it can be seen that there will be a
set of History-objects for each joined user where every History-object represents
a joined timespan.

Fig. 2. The models to record the joined timespans of a user (simplified)

With these recordings it is possible to calculate different statistical values as
for instance the shortest or the longest joined timespan as well as the average
length of the joined timespans. In addition a timeline is drawn for each attendee.
It shows the joined timespans by marking them with colored bars.

3.3 Interactions and Reaction-Times

As mentioned above the second part of the attention profiling algorithm consists
of a calculation of an attention-level which is based on the reaction-times of the
attendees to the interactions. For that it is required to log them.

The corresponding models are shown by Figure 3. It can be seen that the
logging of the reaction-times works very similar to the recording of the joined
timespans presented by the previous section. The interactions are represented
by a model with its concrete sub-class models for each possible receiver of an
interaction. This model holds a set of CallHistory-models to log every occurrence
of the interaction in question. This is required because of the fact that in a video
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Fig. 3. The models of the interactions and their call-histories (simplified)

the attendee is able to watch it more often than once and so an interaction could
also occur not only once.

The CallHistory-model logs all required times to compute the reaction-times
of each single call of an interaction in relative and absolute values. For that the
fields which contains the real start time and the response time are the most
important ones because the difference between them is equal to the reaction-
time. The other fields are used if the interaction is missed or not answered. With
this values it is possible to state for each call of an interaction how the associated
attendee reacted.

3.4 Calculating the Attention-Level

With the logged reaction-times presented by the section above now it is possible
to calculate an attention-level for each joined timespan of each single attendee.
As shown by Figure 4 the calculation is split in three rounds:

1. calculation of an attention-level based on the reaction-times for every call of
an interaction (I) related to the joined timespan in question

2. grouping them to attention-levels (AL) of each interaction-methods (IM)
3. generalizing them to an attention-level of a joined timespan

It is clear that round one is the most crucial part of the calculation which
operates under the following maxim: if the attendee reacts slower the attention-
level decreases. Figure 5 visualizes this calculation. It can be seen that it is
configured by two parameters which are different for every interaction-method:

1. SUCCESS UNTIL states the time until an attention-level of 100% could be
reached
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Fig. 4. The calculation of the attention-level is split in three rounds

Fig. 5. The calculation of the attention-level of a single interaction is controlled by two
parameters

2. FAILED AFTER indicates after which reaction-time an attention-level of
0% will be assumed

So the attention-level of the j-th interaction of the i-th interaction-method is
calculated by the following formula if we assume that tij is the corresponding
reaction-time:

f(tij) =

⎧⎨
⎩

100 if tij ≤ SUCCESS UNTIL
0 if tij > FAILED AFTER
g(tij) else

(1)

Where g(tij) is

g(tij) = 100−
(

tij − SUCCESS UNTIL

FAILED AFTER− SUCCESS UNTIL
∗ 100

)
(2)

As mentioned above round two groups the attention-levels of round one to
their corresponding interaction-methods. This is done by forming the mean of
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them which leads to this formula where ai will be the attention level of the i-th
interaction-method and mi the number of its interactions:

ai =

mi∑
j=0

f(tij)

mi
(3)

Finally round three takes the attention-level of each interaction-method and
again forms the mean over them to receive the final attention-level of a joined
timespan:

attention =

n∑
i=0

ai

n
(4)

4 Evaluation

The evaluation of the developed attention profiling algorithm in the context of
the described web-application consists of three parts with individual goals:

1. gaining suitable parameters to force the algorithm to deliver realistic values
2. comparing the results of the algorithm with the feedback of the attendees to

implement adoptions
3. evaluating the effects of the adoptions

To reach the first goal the web-application is used at two units of the lecture
Societal Aspects of Information Technology4 at Graz University of Technology
to offer a live-broadcasting. This lecture consists of several presentations which
are hold by guest-lecturers. To gain realistic values for the parameters of the
second part of the attention profiling algorithm (see Section 3.4) the recorded
reaction-times of the interactions are analyzed. This means that the average
reaction-time of them is calculated to place the parameters around this point.
Now the algorithm is able to reflect the attention of the attendees in a realistic
way.

The second step of the evaluation is performed by using the web-application
at the lecture Introduction to Structured Programming5 at Graz University of
Technology. This large freshman-course presents the basics of structured pro-
gramming in six units. They are offered as live-broadcastings by LIVE. Figure
6 compares the complete number of attendees with the number of active ones.
We assume an attendee to be active if he/she watched more than 75% with an
attention-level of at least 50%. It can be seen that the number of active at-
tendees is very low. The feedback provided by the attendees states that they

4 https://online.tugraz.at/tug_online/lv.detail?sprache=1&clvnr=162241

(last accessed December 2012)
5 https://online.tugraz.at/tug_online/lv.detail?sprache=1&clvnr=162268

(last accessed December 2012)

https://online.tugraz.at/tug_online/lv.detail?sprache=1&clvnr=162241
https://online.tugraz.at/tug_online/lv.detail?sprache=1&clvnr=162268
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Fig. 6. Comparison of all attendees with active (watched ≥ 75% and attention-level ≥
50%) attendees of the lecture Introduction to Structured Programming

felt very uncomfortable with their attention-level because they assumed a much
higher one. Furthermore it was pointed out that it was impossible to answer
faster to the interactions presenting difficult questions due to the fact that the
live-stream did not stop if an interaction occurs. Additionally it was remarked
that the number of interactions should not be very high.

Based on the gained feedback some adoptions are implemented. So for instance
the video pauses if an interaction occurs now and it is declared that a lecturer
has to pause his/her presentation at the occurrence of an interaction in the case
of a live broadcasting. Furthermore the number of interaction is lowered to a
maximum of three interactions in a period of ten minutes.

With this adoptions the web-application is used at the lecture Learning in
the Net: From possible and feasible things 6 at the Karl-Franzens University of
Graz. This lecture explains and discusses different technologies from the field of
the so-called new medias in the context of teaching. The content of the lecture is
provided by eight videos. Again the number of all attendees is compared to the
number of active attendees (see Figure 7). Now these two numbers are not very
different. This leads to the conclusion that the attention profiling algorithm is
now able to reflect students’ attention more realistically.

5 Discussion

The evaluation presented by the previous section points out that the selection of
the parameters for the calculation of the attention-level is highly sensitive. Their
accuracy depends on many different factors as for instance the difficulty of the

6 https://online.uni-graz.at/kfu online/

lv.detail?cperson nr=63360&clvnr=370548 (last accessed December 2013)

https://online.uni-graz.at/kfu_online/lv.detail?cperson_nr=63360&clvnr=370548
https://online.uni-graz.at/kfu_online/lv.detail?cperson_nr=63360&clvnr=370548 
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Fig. 7. Comparison of all attendees with active (watched ≥ 75% and attention-level ≥
50%) attendees of the lecture Learning in the Net: From possible and feasible things

questions presented by the interactions as well as the content of the video or
the live-broadcasting itself. Furthermore the timespan between the interactions
should not be to small. This means that a phase between three and five minutes
with no interactions is acceptable.

Furthermore it can be stated that the two parts of the attention profiling al-
gorithm are only powerful in combination due to the fact that they have different
goals:

– The detailed recording of all joined timespans for each attendee to state
when which part was watched

– The reaction-time based attention-level to indicate how active the corre-
sponding attendee was at a joined timespan

However the correctness of the calculated attention-level has various influenc-
ing issues (see above). This leads to the final statement that the attention-level
delivers a first overview of the students’ attention which could act as a starting
point for a more detailed analysis.

6 Conclusion

With this publication an attention profiling algorithm is presented to analyze
the attention of the students at learning-videos as well as live-broadcastings of
lectures. This is done due the fact that students’ attention is the most crucial
resource in human learning.

This algorithm is implemented by a web-application which enriches the videos
or the live-broadcastings with different methods of interaction. In addition the
evaluation of the web-application indicates that the attention profiling algorithm
delivers realistic values after some adoptions. So the defined research-question is
answered finally.
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Abstract. Using a problem-based learning (PBL) approach, GlobalEd 2 (GE2) 
utilizes an interdisciplinary approach to learning writing, science, and social 
studies. Leveraging technologies commonly available in most middle grade 
classrooms (computers with Internet connections), GE2 engages classrooms of 
students as teams in simulated negotiations of international agreements on is-
sues of global concern such as water resources and climate change.  The im-
pact of student interactions within the simulation on the writing self-efficacy 
and the ability to author evidenced-based arguments in science of 420 7th and 
8th grade students across two states is presented.  Results indicate that after 
participation in a GE2 simulation, students not only increased their writing self-
efficacy, but also significantly increased the quality of their written scientific 
arguments. 

Keywords: Writing, Problem-based Learning (PBL), Simulation, Self-Efficacy. 

1 Introduction 

It has been argued, that to develop a scientifically literate citizenry, science education 
needs to be grounded in meaningful socio-scientific contexts related to the world in 
which students live [1; 2]. Socio-scientific issues are complex in nature and often do 
not have a single clear-cut solution. Such issues confront students with situations in 
which they have to engage in formulating their own opinions based on data, their own 
experiences and values, and collaborative decision-making. They are regarded as real-
world problems that afford students the opportunity to participate in the negotiation 
and development of meaning through scientific argumentation [3; 4; 5]. Argumenta-
tion includes any dialog that addresses “the coordination of evidence and theory  
to support or refute an explanatory conclusion, model, or prediction” [4, p. 995].  
Research has shown that when students engage in scientific argumentation, they not 
only learn to develop valid arguments but also learn science concepts while they are 
arguing [e.g., 5; 6; 7; 8]. 
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Unfortunately, inquiry-based approaches to teaching and learning science that in-
volve socio-scientific issues are not often employed within typical science classrooms 
[3; 9; 10; 11]. The lack of socio-scientific inquiry tasks in science classrooms likely 
results from fact that the shift in the science standards towards scientific literacy and 
related pedagogical reform was set forth without commensurate alteration of the cur-
ricular space devoted to the teaching of science in the schools [12]. Inquiry-based 
curricula, especially programs that immerse learners in active investigations of con-
temporary issues, can consume significant chunks of classroom time. Given the stan-
dardized test-driven culture of today’s educational system, the allocation of scarce 
instructional time and resources is a major concern for both teachers and administra-
tors [13]. Further, research on science teachers has found that they feel under prepared 
and often lack the confidence necessary to implement and manage socio-scientific 
inquiry within the science classroom context [14; 15 16; 17]. So while it appears that 
we know what to do develop a scientifically literate citizenry and address dwindling 
science interest and participation among our students in STEM, we are simply not 
doing it as much as we should or could. 

Rather than compete for the already overburdened curricular space devoted to 
science instruction, GE2 expands the curricular space afforded to the teaching of science 
by building upon the interdisciplinary nature of social studies. PBL researchers have 
illustrated that leveraging interdisciplinary contexts, like social studies, as a venue to 
engage in real world problem solving can deepen students’ understanding, flexibility in 
application and transfer of knowledge [18 19; 20; 21]. Because problem-based learning 
(PBL) consists of a presentation of authentic problems as a starting point for learning, it 
increases student motivation and integration of knowledge [22] and when working coo-
peratively in groups within a PBL environment, students learn how to plan and deter-
mine what they need to solve problems, pose questions, and decide where they can get 
these answers as they make sense of the world around them [23].  

There can be no doubt that recent USA policy initiatives across local, state and na-
tional levels have placed increased pressure on schools to improve student perfor-
mance in the domains of literacy, mathematics and science.  Problem-based learning 
(PBL) researchers have illustrated for decades that leveraging interdisciplinary  
contexts as a venue to engage in real world problem solving can deepen students’ 
understanding, flexibility in application and transfer of knowledge [24; 25; 18; 19]. 
Recognizing this, the GlobalEd 2 Project (GE2) is an educational multi-team game 
that uses educational technologies currently available in most middle schools to build 
upon the interdisciplinary nature of social studies as an expanded curricular applica-
tion aimed at increasing instructional time devoted to science and persuasive writing 
in a virtual environment [25].   

The GE2 game operates within a middle school social studies class, focusing on an 
international science crisis.  GE2 capitalizes on the interdisciplinary nature of social 
studies in order to expand the curricular space for additional opportunities to learn 
science and the use of educational technology, without sacrificing the curricular goals 
of the social studies curriculum. It works as a simulation environment in which class-
rooms of students work to reach an agreement on a critical global science issue, while 
representing a specific country over a period of 14 weeks. 
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The core of GE2 is the problem-based scenario.  Interactions occur through a web-
based system enabling email and real-time conferencing in a secure environment. 
Classrooms of students are assigned their country 4-6 weeks before the simulation, 
and are given analytical tasks to broad topical issue areas (i.e., human rights, econom-
ics, environment, health) presented in the scenario.  Students are told that their coun-
try has to “stay in character” (e.g., remain consistent in policy positions and value 
systems of their country), while attempting to develop responses to problems within 
the issue areas. The scenario developed for the current simulation focused on Global 
Water Resources. 

Students are instructed to learn about the values and customs of their respective 
countries prior to the simulation, so that they are prepared to make appropriate “in 
character” responses. Students did not know the name, race, sex or location of the 
students on other teams, only the name of the country, issue area and student’s in-
itials; there are generally 14-18 countries in a simulation.   

There are three phases of the GlobalEd 2 Project: Research, Interactive and De-
briefing (see Appendix A). The Research phase lasts six weeks, the Interactive phase 
lasts six weeks and the Debriefing phase lasts two weeks. The goal presented to the 
students is to negotiate an agreement on the science topic with at least one other  
country-team in the game. 

2 Statement of the Research Problem 

GE2’s extensive use of written communications creates an invaluable venue for stu-
dents to learn and practice written scientific argumentation in a real world context and 
to an authentic audience. Research illustrates that both instruction and authentic op-
portunities to write have been shown in the literature to improve writing skill [26; 27]. 
In addition, with more opportunities to experience success in writing there is a greater 
chance to positively impact their writing self-efficacy. Writing self-efficacy has been 
shown to mediate academic performance in writing [28].  As such, GE2 has the po-
tential to impact not only the quality of students’ written work within the simulation, 
but also has the opportunity impact longer-term performance.  

The three research questions addressed are: 1) Is there a significant increase in 
middle grade students writing self-efficacy after participating a GE2 simulation?; 2) Is 
there a significant increase in the quality of students’ written scientific argumentation 
after participating in a GE2 simulation?; and 3) Are there differences on the impact of 
GE2 with respect to the quality of written scientific argumentation across gender and 
socioeconomic status? 

3 Methodology 

A total of 420 student participated in a GE2 simulation; 312 of these students were 
from suburban schools located in New England, the remaining 118 students were 
from a large Midwestern city. All schools participating were public schools, with 
students drawn from both the 7th and 8th grades. Suburban schools were markedly 
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higher with respect to socioeconomic status with fewer than 15% of participants re-
ceiving free/reduced lunches.  Students from urban schools were significantly lower 
socio-economically, with over 80% of student receiving subsidies for lunches. IRBs 
were obtained for all students whose data was collected.  Those students who did not 
have parental consent participated in the educational program but did not participate 
in the research component of GE2. 

Prior to implementing the GE2 simulation in their classrooms, teachers from both 
sites were trained for the implementation of GE2, including writing and teaching 
scientific argumentation. Students complete a battery of pre-test instruments prior to 
being introduced to GE2 (see Appendix A for a breakdown of the three GE2 phases 
and timeline of assessment administration). Within this battery was a 5-item measure 
of writing self-efficacy (Likert scale format, 1 representing low efficacy and 5 
representing high efficacy) and an open ended writing prompt patterned after prompts 
students receive as part of state mandated standardized tests. This writing prompt 
asked students to write a persuasive argument either for against the claim that the 
Earth is in danger of running out of fresh water. They were asked to clearly provide a 
claim, provide evidence for their claim as well as the reasoning they used to link that 
evidence to their claim.  All assessments were administered using paper and pencil 
format. Students then began participation in the GE2 simulation that lasted for ap-
proximately 14 weeks. After completing the 14-week simulation portion of GE2, 
student were re-administered the same battery of assessments as post measures of 
performance.  See Appendix B for a figure detailing the GE2 learning environment. 

Writing self-efficacy items were summed to create one composite score pre and 
post for each student (possible range: 5-25). Student essays were scored by two 
trained independent raters - blinded to student identity and time of administration. An 
adapted version of the argumentation rubric developed by Midgette, Haria and  
MacAuthur [29] was used to rate essays for quality of argumentation. The basic struc-
ture of this rubric examines the presence of claims, evidence and reasoning, the  
completeness of these argumentation chains as well as whether they addressed the 
opposition in their arguments (possible range 0-5). Inter-rater agreement exceeded 
85%. Where ratings differed, scores from each rater were averaged to yield a single 
argument score for each student’s essay. 

4 Results 

To address the first research question, regarding writing self-efficacy of the overall 
sample, pre and post scores were analyzed using a dependent t-test. Results indicated 
a significant difference between pre and post scores  (t(415)=2.27, p<.05), with stu-
dents indicating significantly greater writing self-efficacy after participation in 
GE2.This analysis was repeated for research question 2, examining the argumentation 
quality score derived from the open-ended essay responses provided by students. 
Results of this t-test also indicated a significant increase in scores from pre to post.  

To further examine the impact of gender and socioeconomic status on student writ-
ing self-efficacy and argumentation quality over time, a series of ANCOVAs were  
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conducted where pretest scores served as the covariates, post-tests as the dependent 
variables and gender and socioeconomic status as the independent factors.  Results 
indicated significant differences between both gender and socioeconomic status with 
respect to writing self-efficacy at the time of the post-test after controlling for pre-test 
differences on this construct (F(1,410) =5.9, p<.05; F(1,416) =3.97, p<.05, respective-
ly). The results show while that students representing each strata changed positively 
over time, females and students from the urban setting were significantly more self-
efficacious with respect to writing than their counterparts at the time of the post-test, 
after controlling for pre-test differences. Regarding argument quality as measured by 
the open-ended essays, no differences in the amount of change by gender or socio 
economic status were noted, indicating that all groups improved their writing quality 
relatively equally (ps>05). 

5 Conclusions 

There is much still to learn about GE2 and its impacts on student learning. However, 
we believe that the increased opportunities that GE2 affords students to construct 
written arguments in a real world context, the application of knowledge to solve prob-
lems rather than recall information and the authenticity of the audience to which stu-
dents are writing are particularly salient affordances promoting positive change in 
academic performance. While this study does not provide a control group against 
which we can assess the changes in GE2 participants’ performance compared to stan-
dard educational practice, the results presented here speak to the potential of GE2 as a 
meaningful context within which students can learn and practice their ability to con-
struct written scientific argumentation. Students who participated in the simulation 
increased both their writing self-efficacy and their writing performance scores over 
the course of the curricular intervention, across gender and socioeconomic status. 
Further, the results of this study suggest very positive curricular implications of writ-
ing intensive, interdisciplinary, problem-based learning (PBL)  approaches like GE2, 
while also suggesting future directions for PBL research. 
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Abstract. The use of communication and information technology at primary 
school enables learners to interact at a distance with speakers of the target lan-
guage. The article aims to show that international distance exchange projects 
between early-language learners contributes to making a shift in attitudes. The 
study questions a co-action process based on a reciprocity principle as a social 
construct. 
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1 Introduction 

Before the introduction of technological tools at school, Alziary & Freinet (1947) and 
later Galisson and Puren (1999), among other researchers, had sceptical views about 
the capacity of early language learners to deliver consistent exchanges either in their 
own language or in the target one (ibid. 124). Today, we observe that when they are 
engaged in distance exchange projects resorting to various computer mediated com-
munication tools, the link and the distance between their own and others’ language 
and culture have to be considered differently (Choffat-Dürr, 2013).  

Under the name of distance exchange projects (DEP) we understand that two or 
more people or groups of people are engaged in a partnership usually for a school 
year. The purpose is to make native speakers (or speakers of the target language)  
relate with other language learners in a crossed relation thanks to tools that enable 
distance interactions.  

Our presentation at HCI international 2014 discusses these DEPs as change agents 
influencing conditions and methods in language teaching and learning at elementary 
school. It focusses on collaboration for the benefit of first and second language learn-
ing in the context of distance exchanges between peers of the same age (8- to 11-year-
old learners).  

2 Context of the Study 

In the UK, the learning of a L2 is not statutory at Key Stage 2, but is tending in that 
direction (awaited in September 2014), except in Scotland where it is already compul-
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sory like in France where learning a foreign language starts at the age of 7 with the 
aim of reaching level A1, the lowest level in the Common European Reference 
Framework for Languages (CEFR). According to this standard, at the end of elemen-
tary school a learner is expected to be able to:  

• Recognise and use familiar words and simple phrases for concrete purposes;  
• Introduce himself or someone else;  
• Ask and answer basic questions about home, family, surroundings, etc.;  
• Communicate in a basic way when the other person speaks slowly and clearly, and 

is ready to repeat or reformulate to help communication (CEFR, 2001, 24). 

To reach this level, the main approach that has been resorted to so far is the com-
municative approach. However, research in the field of the didactics of languages is 
critical of it as it is observed in classrooms1 where, according to theory, the accent 
should be brought to bear more on the dynamics of social interaction (Audin, 2005). 
Moreover, as Gaonac’h indicated as early as 1991, “observed practices force us to call 
into question the artificial character of interactions in a school context” (in French), 
since, “during language communication activities, systems for communication are 
indeed set up, but is there really any sense in communicating for communication’s 
sake?” (in French, Bourguignon, 2007). And indeed, despite the principle announced 
by the CEFR, “While acts of speech occur within language activities, these activities 
form part of a wider social context, which alone is able to give them their full mean-
ing” (CEFR, 2001, p.9), we can only observe that it is difficult to create such types of 
activities within the four walls of the classroom.  

In this context however, the European commission through the eTwinning2 plat-
form or national institutions encourage school partnerships, to open the class to native 
speakers. To some extent they share a common consideration in calling for a socially-
engaged perspective having classrooms connected to other parts of the world. Even 
though they are not numerous at elementary level, some teachers, however, answer 
positively. Showing a converging willingness to promote communicative compe-
tences including intercultural components through the medium of communication 
tools, some get involved into DEPs.  

3 Research Question and Hypothesis 

Our research questions the activities undertaken by young L2 (second language) 
learners with a minimal level in the target language (1 to 3 years of learning A1 level) 
when involved in DEPs. Hence the question: Does resorting to DEPs with young 
students help their learning process?  

                                                           
1  The term “class” or “classroom” is used to refer to the body of students that are taught to-

gether for a school year.  
2  eTwinning is an online platform under the supervision of the European Commission. It 

enables schools across Europe to link online and engage in information and communication 
technology. It provides online tools such as a “TwinSpace”, a safe controlled working envi-
ronment, and other resources such as ready-made project kits. 
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More particularly, we suppose that with the influence of information and commu-
nication tools, young learners, who were previously excluded from any international 
correspondence because they could not deliver consistent exchanges, can now com-
municate. Language which was formerly viewed as a sole written code enabling pen-
friends to interact can now be considered in its more universal concept, namely the 
ability to communicate. Today, ICT offers a great range of tools that allow young 
students to show their creativity in finding alternative ways to communicate. 

Consequently, we aim to identify variables and influences in classrooms where 
students are linked to speakers of the target language and in particular the communi-
cative contexts in which action takes place. Besides, the importance of the pedagogi-
cal context is also under scrutiny, since we assume that it is one of the major factors 
of the dynamics that may occur. Indeed, the main hypothesis is that resorting to DEPs 
induces active pedagogy. We suppose that teachers cannot expose their pupils without 
consulting them on what they expect to do with their distant partners and how they 
imagine they will go about it. In other words, a socio-constructivist and interactionist 
approach is at stake. Therefore, the study seeks to show that the learning process is 
guided by intentions or communicative needs that are created and shared through the 
dynamics emerging between the two distant groups (reference to activity theory). As a 
consequence, the tasks or the activities would be central to the social action (Ollivier, 
2009). Needless to say that the tools contributing to the action and the co-action proc-
ess figures among the factors that are to be considered: Which ones are used? On 
which grounds are they selected? To what purpose? Etc. 

4 Method 

Our analysis is based on the observation of the activities undertaken for a school year 
by four partnerships between French and British primary schools. All partnerships 
were initiated by teachers who were not familiar with distance pedagogy. The data 
comes from classroom observations (audio and video recordings), interviews and 
questionnaires from participants in the DEPs. The entire e-mail correspondence  
between the distant teachers has also been gathered. This collection follows a prelimi-
nary survey among 121 French primary school teachers that we conducted to put in-
structional and pedagogical actions into context. 

As Dillenbourg said as early as 2002, we have to keep in mind that this type of 
studies focussing on “the effectiveness of collaborative learning [to which we include 
DEPs] depends upon multiple conditions such as group composition (size, age, gen-
der, heterogeneity, …), task features and communication media” (ibid, 61). Since the 
conditions are numerous and diverse, and since they interact with each other in a 
complex way, our study has to be viewed more as case studies that make us enter the 
process and bring elements that help the understanding of what results from acting 
collectively at a distance. In particular, it is aimed at identifying some of the common 
variables that impact the social link (cf. social cognitive learning theory, Vygotsky, 
1978) which itself is said to influence L2 learning (Long, 1996 or Warschauer and 
Meskill, 2000). 
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Therefore, the activities undertaken as a result of pedagogical choices as well as 
the type of actions generated by social connections between distant classes are ana-
lysed in each DEP (with a focus on the French side). Then a crossed analysis follows. 
Our grid refers to situated action (Lave and Wenger, 1991; Bandura, 1997) and si-
tuated learning theories (Tardif, 1998). Thus, first, we consider the context in which 
action and co-action take place to interpret them theoretically on social and psycho-
logical grounds. We refer to the actors’ representations of the project and of the tools 
viewed to mediate communication. Then, we analyse the material resources that are 
used to confront them with the L2 learning process (Bange, 1992; Dausendschön-
Gay, 2006), and more particularly we explore the link between participation and  
appropriation. 

5 Findings  

Among our findings we notice that even when young learners are beginners in the 
target language, when involved in distance exchange projects, provided they are 
guided through active pedagogy (which proves to be inherent to this practice), their 
roles may be enhanced in the context of a joint action. Each of the four projects is 
grounded on a socio-constructivist paradigm that refers to a situated perspective (Lave 
and Wenger, 1991; Tardif, 1998). In other words, our hypothesis is confirmed since 
their activities are guided by intentions and communicative needs that are created 
through the dynamics emerging between the two distant groups (see examples of their 
activities below). Learners take into account what their learning environment is and 
the nature of the relationships that link the two distant groups (Choffat-Dürr and  
Macaire, 2012).  

 

Fig. 1. Cycle based on the teaching method observed in the four partnerships 
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We observe that in their conceiving of the project, teachers on both sides agree to 
give an active role to their students. The latter are therefore consulted all along the 
project. The new pedagogical organisation initiates a new space for learners to engage 
actively. 

The following is an excerpt from an interview with one of the teachers of our  
cohorts:  
 

From my point of view, this project wouldn’t be successful unless the pupils 
subscribe to it. It means that at the beginning we should explain what a pro-
ject is without influencing them, without telling them what they have to do. 
If they agree with the idea and have ideas to develop they have to have 
enough space to express their goals, their needs (what they have to learn in 
the foreign language to be able to achieve the task they focus on), what they 
feel like doing. Then we can build a program from their ideas. 

Consultation appears to be the mode adopted to elaborate the different tasks or ac-
tivities within each class. As for the teachers, they interact as intermediaries between 
the two groups. However, each group influences the other (cf. the arrows on figure 1).  
Data collected through interviews at the beginning of the project with the learners 
show very positive opinions. 

 
I would be pleased if they taught me English and I would teach them my 
French but we could also help them on other things if we can and I think that 
they have a beautiful country (in French, Lila, class A/F). 

 
The students’ initial aims may be grouped under three entries: 

• Communicate to discover the others, their environment 
• Engage in mutual teaching of the language and culture 
• Play together 

Their ambition goes further than the teachers’. First, they envisage the link as a social 
construct that can be built upon social relationships. They appear to identify themselves 
with their foreign partners since they perceive that they may have a lot in common start-
ing from their age and their status. Therefore they imagine they can be friends and play 
together. The distinction also lies in the fact that they take into account that their distant 
peers are language learners too. Their goal is therefore twofold.  

First, they want to communicate with their distant peers to provide them with in-
formative data, input in the target language that can be treated (information about 
their identity, school and outside school environment, cultural facts, etc.). As an illu-
stration we can refer to French learners who posted photographs of their school envi-
ronment on the eTwinning platform so as to provide their English peers with an 
oriented topic of conversation for an approaching videoconference. The English 
learners therefore worked collectively on questions that the pictures raised. Their 
project being based on a principle of reciprocity, the latter also took pictures of their 
school to make a book that they submitted for further online exchanges.  
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Besides, engaged in a crossed relation, learners perceive that they can also contri-
bute to their partners’ language learning by engaging themselves in teaching activi-
ties. Following the principles of an implicit contract that would be that each group 
alternatively helps the other in learning its culture and its language, they opt for col-
lective activities, conducted with the whole class or in smaller groups. They provide 
various items of input in their first language to be treated by their peers. In one DEP, 
they went as far as conducting lessons reproducing models that their teachers used for 
their own learning of the language to teach their partners. For example, they created 
flashcards to teach lexical items during a videoconference, and then intended to check 
the impact of their teaching during another online meeting, organizing a bingo game.  

Thanks to the tools that are available, they prove creative and develop strategies to 
reach their aims. As an illustration, we can quote the use of voki.com. It is an online 
application that is used to create avatars that can be given a voice through various 
means (via phone, microphone, text to speech or by uploading a file). The students 
had previously used it as a means to provide themselves with a voice recorder. Yet, 
unexpectedly, while they were faced with the difficulty to decipher orally scripts that 
they had written, one student found the text-to-speech option and showed it to his 
classmates. This tool happened to be relevant to improve pronunciation skills so as to 
feel sufficiently prepared for oral communication with their distant peers. We wit-
nessed many episodes of such collective dynamics emerging and favouring their 
learning process. In one PED, we observe that within an institutional context, the 
project focusing on computer-mediated communication generates “focus on form” not 
mediated by the teachers but by peers. During asynchronous or synchronous ex-
changes participants are sensitive to errors that punctuate messages. Their self-
questioning concerning the norm in both languages make them collectively produce 
asynchronous corrective feedback.  

The use of the tools responds to active and strategic choices in relation to learners’ 
intentions or needs and their environment, either material or social. As another illus-
tration we can refer to their use of traditional paper correspondence that the four part-
nerships favour at the beginning of their projects. In a letter accompanied with a 
drawing, they view a more relevant tool for a first “meeting” as each individual could 
receive a concrete token. A letter has therefore to be viewed as a tangible objet sym-
bolizing the link. Likewise, in the use of digital video recorders, they see a means for 
self-assessment when preparing themselves for a videoconference, etc. Whatever the 
tools used, either for synchronous or asynchronous interaction, we observe that learn-
ers primarily seek to use them to strengthen the social link between the distant groups 
in various directions. They use them to improve their skills, to produce items to be 
shared and to mediate their interaction.  

Their posture appears to favour a metacognitive process and a shift in attitudes 
leading them to perform in a socio-constructivist context. Not only do they speak the 
language in a pragmatic way but they also speak about the language, and explore the 
different means to reach their goals (social, material, organisational, learning, etc.). 
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Pragmatics is at stake in environments which appear to favour their learning, beyond 
what is usually at stake with early-language learners. 

6 Conclusion  

Our findings shed some light on the value of PEDs and more particularly their socio-
educational benefits. Grounded on active pedagogy, thanks to which early learners 
have their words (and world) to say, the representation of the language evolves to-
ward a constructive view of it. As Goffin and al. (2009) say “linguistic questions are 
charged with affect. The picture that one figure out of a language and of the people 
who speak it has an undoubtable impact on its learning process” (in French). Young 
learners are able to perceive the benefit they may draw engaging themselves in a col-
laborative link abroad, the accent being brought on social interaction phenomenon in 
a new interschool context. Communication is no longer false or artificial (Gaonac’h, 
1991). Its social and learning purposes are embedded in the same dynamics. It means 
that action is perceived through a more holistic perspective that involves each partici-
pant of the collective project. The benefit would therefore go beyond the scope of 
language teaching at school that is therefore questioned.  
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Abstract. In this article we will conduct a study of the Gianni Rodari School, a 
technique used in the initial educational levels of pre-schools and primary 
schools, but in this case for the use in the development of new creative ideas for 
the college projects, and vocational training subjects. For this we define and 
justify the essence of creativity as ideas, using a structure that can be stored in 
the cloud. To validate the system, we present a case study by using abstract 
concepts of human knowledge in the cloud. The presented work takes into con-
sideration the interaction and collaborative work to promote creativity and the 
generation of new ideas in a clear and ordered way for the students. 

Keywords: Creativity, Teaching Techniques, Cloud Computing, developing 
ideas, education environments. 

1 Introduction 

In this article we will conduct a study of the Gianni Rodari School  [1], a technique 
used in the initial educational levels of pre-schools and primary schools, but in this 
case for the use in the development of new creative ideas for the college projects, and 
vocational training subjects.  

Gianni Rodari is an inventor of children’s stories, that aim to develop basic skills 
and general primary cycles through the children read of those stories. This technique 
facilitates learning of children by the use of techniques that foster creativity. Our idea 
is to apply this technique in the vocational training level, in order to encourage crea-
tivity and imagination in the course of advanced vocational training projects. The 
study of this technique by the teachers and the implementation of methods that foster 
creativity and imagination are important in the industrial products development and 
innovation of new ideas. Gianni Rodari in his book "Grammar of Fantasy"[1] uses his 
personal experience of working with children. This book is based on the explanation 
of many creative techniques that help children, to allow their imagination, to create 
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fanciful stories in which anything can happen. As he does not limit the children 
thoughts, he encourage creative thinking which helps them look for different options 
to solve problems throughout life. The next sentence, captured from Gianni book 
describes his technique about creativity in childhood education centers: 

 
"It is one more propose to put off all those who try to enrich the 

stimulus of the environment (home or school, whatever) in which 
the child grows. The mind is only one. His creativity must be culti-
vated in all directions." 

 
Our labor as teachers is to be able to help students through techniques that promote 

creativity, and educate students in the development of new designs, new products and 
new technologies. For that, During these past courses, we have conducted researches 
on educational environments in the cloud on the documentation of learning units, 
from creation to evaluation [4], and on employing methods of interaction in the cloud 
systems [5] considering the usability in collaborative environments in the cloud [6]. 
After considering the technical part of the research, we develop the "Montessori Me-
thod" as the application of ICT in the classroom [7]. As we appointed, we dispose the 
technology to develop such methods. So, our goal in this article is to establish a set of 
guidelines for the development of a technique using Rodari School for project sub-
jects, which our university sets as follows: 

 
"... Individual or collective work with well-defined roles, pre-

dominantly creative and design side, which will take place in a 
university department, institution or company, domestic or foreign, 
or at another university as part of a mobility agreement...” 

2 State of Art 

In our quest searching for tools that enable the collaborative work, defined to encour-
age creativity and document the entire process, we found many of these, based on 
conceptual design, logical design, and modeling languages, that allow capturing the 
students' ideas on paper. Thus, the achievement would be getting questions that may 
not have answers, as any question could be a new idea or a new product.  

For example, In software engineering methodology, we can find the client re-
quirements: starting from a discussion of customer requirements, when the analyst 
develops cases with the need for future implementation, Rational Requisite Pro is the 
used tool [8] which interfaces with Rational Enterprise Pro [9], these known engi-
neers software tools allow defining the functional requirements through users interac-
tion in an technology information environment. The rest of the Web 2.0 tools are 
premises where documents are shared and collaborative online environments are li-
mited to working with similar tools as Google Docs [10]. By performing a search in 
the Web, we can find many Web Sites that use these type of tools and explain it in 
detail, as we all know, some of these are: Wikis, Blogs, Forums, and Moodle. 
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3 Resume of the Creativity Technique 

Rodari technique is presented throughout its literature [3]. From these texts, the basic 
premises of the Rodari School extracted are as follow: 

• The belief in the transformative power of language. 
• Trust in the game as possibility of freedom and the most natural expression of 

childhood. 
• Calls for a happy school, not a boring one. 
• Considers magic and knowledge as two interacting components. 
• Squeezing the language to sprout new ways of understanding reality. 

The techniques developed in the books written by the author are: 

• Fantastic Hypothesis: What if...? Ask a known situation where a foreign element 
is introduced. For example, what would happen if an alien landed our school? 

• Tales backwards: From a well-known story is to imagine what would happen if 
things happened in that story backwards or if a change in the characteristic element 
occurs. 

• Creative Analysis: Many stories have secondary characters we know nothing 
about them. These characters can be taken as a starting point of a new imaginary 
story, to try to imagine what are their stories: where he/she comes from? , What 
was their role in the story, etc. 

• Salad stories: tales mix, allows other story characters to participate in other sto-
ries. 

•  Creative Error: it is about taking note of the mistakes made by people when 
answering questions, writing, or other school situations, and try to explore its pos-
sibilities. For example, if I write the word "ures" (instead of "user") ... what world " 
ures" could be? What are its characteristics, what would it mean? ... 

As we can see, these techniques and their description are designed for schools and 
exposes a new method: 

• Encourage creativity and imagination since childhood.  
• It shows the transformative power of language  
• It transmits to us the importance of training for the world transformation. 

4 Definition 

In section 3 we have seen the various techniques developed by Rodari, we can ob-
serve that these techniques are of the question-answer type, with a point text, a word 
game, and interaction of various techniques. In this paper we will transfer these tech-
niques for the identification of projects, so that the creative process is able to focus on 
the definition of objectives and its idea. 
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As we can see in Figure 1, the ideas consist of concepts that define the idea itself. 
Furthermore, there are ideas that can arise from different composition concepts of 
other ideas, graphically and according to the level of the problem we are defining we 
can see the relationship with the Rodari School. Rodari performs his techniques ac-
cording to the concepts and that is why these concepts help defining the ideas as their 
realization and development within the cloud of ideas. Working creative can help 
developing ideas by defining concepts. The concepts developed by students based on 
their needs and the content of the materials. And by this Rodari technique streamline 
the process of creating and defining ideas. 

Figure 2. shows how the ideas and creativity in the university environment can be 
obtained from: 

• The content of the subjects taught in the classroom. 
• From the path chosen the mistake-test and the questions we have. 
• From the current technology and its applications, the fact of considering new uses 

of technology makes us think about the development of a new technology, a new 
product. 

• The working experience in the field. 
• The collaborative work to share ideas. 

Rodari adapt techniques to the projects subject, which we are all familiar within 
the computer terminology: 

• Hypothesis doubt: we propose the doubt to the student on the technological future 
and let him consider the off-label use, as a new way to interact with a device, re-
gardless of the labeled technology used. 

• Backwards Engineering: From selected scientific texts, we try to motivate stu-
dents to wonder what would have happened if something had changed. Could be 
realized from made applications or outdated applications that could be changed, or 
starting from the same prototypes. 

• Creative Analysis: An analysis of market requirements, the project itself, or 
searching for projects that are being conducted. 

• Salad of Contents: using a selected content from the courses, the student may 
have more motivation and focused thoughts on the creation of products. 

• Error: Defining the mistakes they have committed and the analysis with the tech-
niques described above, we can reach the solution to the error and encourage the 
student interrogations as a way to solve to a problem. 

As we can observe, we have just made a translation of the method to another edu-
cation level. In our case, it is not grammar or creating children's stories, we are devel-
oping a technique that fosters creativity for students in college and also allow the 
creation of new products to the industry. Rodari technique is widespread and tested in 
primary and pre-school lessons; we are only upgrading it for higher educational and to 
the students cognitive level. Thus, the rapid evolution in the information technology 
and the emergence for new products in the market requires us to experiment with 
techniques like this one. 
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As a result, we have the following parts in the logical objects storage where we 
have a representation of objects and ideas, and then we have a space for the shared 
work of users where users interact with the system and among them with permission 
to work in groups. On the other hand, we have a section for the analysis of the net-
work of ideas through the link, also, for associating concepts and ideas in order to 
modify the existence of proven ideas and its feedback to produce creativity through-
out the creative process. 

Figure 3. contains the different parts of such system, a database, we choose object-
oriented database. In order to reduce the complexity, we only have two objects in the 
system of ideas and the concepts associated with users. The green area includes re-
served space for ideas and concepts. As we see, the ideas have some properties and 
consist of concepts that define the logical storage. The structure, detailed in the Figure 
3, is similar to an indexed list in a file system; these ideas are stored with a unique 
identifier where the database is associated with users or group of users who are using 
the system. 

In the blue area, we can find the section for the analysis of data in the database.  
With this, we managed to extract new ideas by associations of ideas through the con-
cepts that define these ideas. By this way, we make the system offers new possibilities 
created from the analysis of these characteristics. This point is important because the 
system feeds itself on the new definitions and associations, the authorized users will 
have the ability to visualize these results and derive these ideas to those responsible 
for them or for the system, which developed these ideas over time from the definitions 
of users. 

 

Fig. 4. Desiging creative idea 
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In yellow we find the logic of interaction. The logic interaction of a system assem-
ble and compose the ideas that the user has made over time to adapt the way the user 
has determined. This is a personal workspace where Rodari technique is applied; the 
graphical interface ensures collaboration and interaction from any mobile device, 
anywhere, because the cloud system is the one that provides the resources by means 
of a viewer in the user device. 

Running a system with these characteristics is easy once the user has started with the 
creation of ideas in the application, it is stored in the reserved space for it, and so the 
structure would be saved in the cloud system. The cloud replicates in the database and 
keep in sync all the information. From the interaction point of view, its not complex for 
the viewers to access these systems by creating web service, services that transfer in-
formation from the client side, cloud system, as parameters or by passing through re-
mote programming methods for sending information. Assigning permissions to the 
object can perform collaborative work and by this all the users can work in the same 
session and view the changes. The System growth is guaranteed as the accommodation 
in cloud systems is dynamic and can increase over time and even in different machines. 

6 Study Case 

We present the case study of a student who wants to make a mobile application. This 
interface shows the different parts the student can perform the modeling of the idea, 
based on the Rodari method, Table 2. 

Table 1. Applications options 

 

With this menu the user creates a new idea that will be stored in the 
cloud. 

 

The user can access the resource bank of the school, where he access to 
both projects for an inquiry as to the works of the subjects listed, in 
order to be able to get filtered and quality information for the realiza-
tion of his idea. 

 

Search users who share his idea with and share the space of thought on 
that particular idea in order to streamline the process through collabor-
ative work. 

 

Text search on the entire system returns the items that are in accor-
dance with the entered text in order to expedite the navigation in a 
specific content. 

 

Establish communication using text or voice audio with his companion 
to share experiences. 

 

Once the idea is set, the user may search for similar trips in the system 
in order to be able to associate these ideas. In this way the system al-
lows the user to take ideas from other ideas in order to improve them 
or redesign the existing one. 

 
Print the diagram; everyone likes to put something on the wall. 
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Table 2. Menu options using Rodari Terminology 

 

Hypothe-
sis doubt 

Backward 
Enginering 

Error 

 

Creative 
Analysis 

 

Content Salad Tip note to re-
member 

 
Figure 4., represents an editor where the user develops his ideas graphically. This 

editor has graphic content to identify the element of the method; it is simple. Further 
interaction tablet allows the user to work comfortably anywhere in order to enable 
him ordering his ideas at any time. Table 1. shows the menu options of the applica-
tion, and Table 2. Show the options of menu options using Rodari terminology. 

7 Conclusions 

In this paper we have represent an approach for the creation of an application accord-
ing to Rodari Technique for the development of ideas, using our expertise in cloud 
computing, educational environments and considering what teachers have already 
apply these techniques in primary schools. We don’t find in universities, the use of 
specific techniques for this issue; we understand the need for these techniques and we 
consider adapting and applying them for other educational levels, due to its size and 
use along large time. 

Once again, we have used cloud computing during the creation of this application, 
but in this case it is the definition of the system itself, which determines the architec-
ture design, as we have seen it couldn’t be simpler to perform. Usually, cloud systems 
work in a complex way, with hundreds of thousands of users and data, but in this case 
the system is simplified by creating a user space each time the user accesses the appli-
cation. In this way, we cheapen costs and provide a space for independent work. 

The application is being created and tested now in several courses in the University 
of Castilla-La Mancha (Spain). 
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Abstract. The advent of programming languages for students (i.e., Scratch) 
combined with accessible programmable hardware platforms (i.e., Arduino) is 
becoming an emerging practice for computer science education (CSE). Robots 
and interactive installations are some of the most widespread artifacts for in-
creasing students’ adoption in CSE. But what kind of emotions motivate stu-
dents to participate in such creative development activities? In this paper we 
present the results of an empirical investigation regarding the key emotions and 
their impact on a creative learning context. In our empirical evaluation, a group 
of researchers and artists designed, implemented, and evaluated three workshop 
programs. The workshops were based on the Reggio Emilia education  
principles, open source software Scratch and Arduino and were conducted in 
creative centers. We designed a survey, based on the main Emotional factors 
identified from the literature as important on the technology context. Responses 
from 37 twelve-year-old girls were used to examine the effect of Enjoyment, 
Happiness and Anxiety on students’ intention to participate on similar creative 
development activities. Results confirmed the positive effects of Happiness and 
the negative effect of Anxiety. Moreover, the results indicated that students’ 
Enjoyment has no relation with students’ intention to re-participate in an activi-
ty. The overall outcomes are expected to contribute to design practices and 
promote the acceptance of creative development activities 

Keywords: Creativity, Scratch, Programming, Girls in programming, Students’ 
intentions, Emotions, Engagement, Workshop program, Reggio Emilia prin-
ciples. 

1 Introduction 

Despite the economic crisis, demand for IT-professionals persists. Currently, several 
efforts to broaden participation in Computer Science (CS) and introduce computa-
tional literacy to young students [6] [22] [33] are in progress. School education plays 
an important role in raising young students’ interest in IT, and particularly in CS sub-
jects. Another notable aspect is the low number of female students in CS subjects. 
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Women more often than men choose disciplines like linguistics, cultural studies, and 
arts. In the last decades, attention has been drawn to the imbalance between the males 
and females in computing; and many initiatives have been taken to that direction [5] 
[23] [29]. School girls typically show less interest in CS topics; something that later 
deters them from studying and attaining a CS career [31]. 

Studies conducted by the (1) Association for Computing Machinery (ACM) and 
the Computer Science Teachers Association (CSTA) [1], and (2) ACM ITiCSE 
Working Group Informatics in Secondary Education [17] revealed that CS education 
faces problems regarding lack of exposure and motives, which are essential for the 
students. Although students use computers for many tasks both at home and at school, 
the majority of them never quite understand what computer science is and how it 
relates to algorithmic thinking and problem solving. Their exposure to computers in 
school most likely consists of text editors and media presentation tools. Few upper 
secondary education schools have a mandatory (or even a selective) computer science 
course and even fewer lower secondary education schools offer a CS course, at a time 
that is considered crucial for students to think about careers choices and plan future 
decisions. 

The lack of exposure to CS in schools leads to fewer students choosing computer 
science as a career. To increase the interest, engagement and participation in CS in 
general, and for females in particular, numerous approaches and projects have been 
initiated; such as the CS Unplugged [6], Alice [7], Scratch [22] and Greenfoot [16]. 
Building upon previous research motivating and engaging students with CS in terms 
of creativity [2] [3], our approach introduces a program which is based on creative 
activities as a means to facilitate a particular process for teaching youth how to pro-
gram. 

Based on the recent developments of computer science education (CSE) [8] [4], 
many tools, activities and environments that support CS learning have been developed 
and were successfully deployed [3] [5] [14]. Although many of these activities are 
focusing on female students (e.g., female-only events), a possible reason for the lack 
of success of these intervention strategies is that their evaluation is apparently not 
usually carried out [9]. 

Our main research goal is to determine whether female students’ (hereinafter stu-
dents) emotions revealed during the activity can provide a means to increase their 
intention to adopt a similar activity in the future. Using a quantitative approach, we 
gained insight on students’ emotions towards the activity and then we examined any 
potential relation of students’ emotions and their intention to participate on any simi-
lar events in the future. In our line of research, we measure and understand students’ 
emotions regarding creative development activities, in order to be able to: 

• Investigate what emotions motivate or distract students to adopt creative program-
ming activities. 

The clarification of students’ emotions during these activities is expected to contri-
bute to the understanding of their intentions to pursue creative development activities 
in the future. 
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2 Related Work 

2.1 Creativity in Computer Science Education 

In the last decades, various attempts in introducing creativity in CS teaching have 
been made. One of the earliest is that of Niguidula and van Dam [25]. Perhaps some 
of the most successful efforts to date are those of using media computation as a con-
text [15] and utilizing Alice to introduce non-majors to computing [7]. These ap-
proaches have since been expanded into introductory CS courses (e.g., CS1) with 
documented success [5]. Other notable efforts in the area include: a course in Intro-
duction to Interactive Multimedia at The College of New Jersey and the Artbotics 
project which also uses robotics to engage students in creating creative artifacts [34]. 
On the same direction, the Computational Thinking course at Colby College taught by 
Bruce Maxwell uses Python and Turtle Graphics for 2D graphics as a medium of 
creativity, expression, communication and experimentation. Despite its appeal, the 
concept of generative art and creative computing are relatively underutilized in creat-
ing introductory computing curricula. 

Numerous projects are focused on creativity and design using computational tech-
niques (e.g., VVVV, PD, Scratch, Processing, Panda3D, Arduino, Wiring). Most of 
these projects build on the context of robotics, interactive installations and creativity. 
Their uses in formal computing education are mostly localized to the development 
groups and their institutions or their immediate communities. However, they represent 
an exciting direction for bringing computing to a much larger community of students 
and practitioners. 

As we aforementioned, there are many tools to support creativity and idea genera-
tion. In our study, we chose to use Scratch (scratch.mit.edu), as the main cornerstone 
of our study, enabling students to create their own physical characters. Scratch is a 
media-rich programming language that allows youth to design and share programs in 
form of stories, movies and games. Students engaging with Scratch use building block 
command structures; in addition programmable objects can be any imported two-
dimensional graphic image, digitally or physically made. This makes it particularly 
amenable to an array of young creative students who want to build their own software 
and engage in the participatory culture [19]. With 1.3 million registered members and 
over 2.8 million projects shared to date, the Scratch website is one of the most vibrant 
online communities. Scratch can also be used in small group formats (e.g., pair pro-
gramming). 

2.2 Students Emotions 

Different emotions arise during the learning procedure and affect students’ behavior. 
As a general categorization, these emotions might either be positive or negative. Pre-
vious studies (e.g., [24] [26] [32]) have showed that emotions and feelings in general 
affect people’s intentions and future decisions. Koo and Ju [21] found that pleasure 
and arousal that derive from atmospherics affect positively computer use. Besides  
the more generalized positive and negative emotions, it is essential to examine the 
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specific types-categories of emotions and how they affect students while they are 
learning through different processes. 

Students’ emotional reactions are very important for the learning process. Hedonic 
motivations have been found to affect learners’ experience and their future decisions 
and achievements [3] [28]. The different emotions that arise on students during a 
learning activity can affect students’ behavior. However, there is limited research on 
the different emotional aspects that occur during learning and how these aspects in-
fluence the learner. It has been argued that emotions are comprised of different con-
structs, however, it is generally agreed that in technology education, happiness and 
anxiety can provide useful insights and are representative of positive and negative 
emotions [20]. Happiness is defined as to which extend the student feels satisfied, 
excited and curious, whereas anxiety refers to which extent the student feels anxious, 
helpless, nervous and insecure; during the learning activity. 

Among the various feelings that arise during the learning process, enjoyment is 
considered of high importance, as it can usually affect students’ future behavior and 
decisions [3] [28]. Enjoyment is generally defined as the degree to which the activity 
is perceived to be personally enjoyable. The enjoyment that a student feels when 
studying, sometimes affects positively his attitude towards learning [32].  

Previous studies point out the importance of anxiety while using technology 
[20].Specifically, low levels of anxiety lead to more positive attitudes. Moreover, 
anxiety has a negative effect on students’ intention to use many forms of technology 
(e.g., mobile applications) [18]. In the context of technology enhanced learning 
(TEL), previous studies have found that higher levels of happiness and lower levels of 
anxiety may lead to increased TEL use [20].  

Our study is based on prior findings regarding the importance of students’ emo-
tions and feelings [3] [27] [28]. In particular, we selected to examine the relation of 
enjoyment, happiness and anxiety on students’ intention to participate on creative 
development activities. The main reason of this selection was the central role of en-
joyment during the creative activity and the representative nature of happiness and 
anxiety on positive and negative emotions respectively. 

2.3 Our Research Hypotheses and Approach 

The aim of this study is to assess students’ enjoyment, happiness and anxiety during a 
creative development activity and test the effect of these factors on students’ intention 
to participate in future similar activities. 

We formulate the three following research hypotheses: 
H1. Students’ Enjoyment during the activity is positively related with their in-

tention to participate on future similar activities. 
H2. Students’ Happiness during the activity is positively related with their in-

tention to participate on future similar activities. 
H3. Students’ Anxiety during the activity is negatively related with their inten-

tion to participate on future similar activities. 
In particular, our research is intended to fill the gap on the topic of students’ emo-

tions on CSE and in particular on creative development activities. We conducted field 
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studies, collecting empirical data and providing insights that enable scholars and edu-
cators to efficiently design and develop programs based on creative and open source 
activities. Our research follows a three-step process (Figure 1). In the three consecu-
tive steps, we proceed with the sampling, data collection and data analysis. After the 
workshop and the data collection and analysis, we were able to provide insights re-
garding the impact of students’ emotions on the creative activities adoption from 
young students. In the following section, the methodology of our research will be 
presented in more detail. 

 

 

Fig. 1. Overview of the research process 

3 Methodology 

3.1 Procedures and Participants 

In order to introduce students with creativity in CS we organized a series of work-
shops. The workshops took place at creative centers of University and ReMida cen-
ters. ReMIda is a center which collects and offers a variety of materials for use in 
creative and educational projects. The center is a cooperation between the municipali-
ty, the education project Reggio Children, the municipal waste company (recycling) 
and the local business community. Students’ worked according to Reggio Emilia 
education principles [11]. The main idea is that the initiative for creative actions 
should spring from the student itself. The centers we used are creative places with a 
lot of appealing objects where students start to work without being activated by 
adults. The adults act as assistants. 

The creative development program was composed of three workshops. The first and 
the second workshop lasts two days and the third lasts one day. Each workshop was 
formed up by 12, 10 and 15 girls respectively, students worked on dyads (with one  
exception) and each dyad had one computer. In the first and the second workshop 12-
year-old girls (last class of primary school) participated, whereas in the third workshop 
17- year-old girls participated; however all workshops followed the same schedule. 

During the workshop students worked with Scratch for Arduino (S4A); which is a 
special version that allows the use of actuators (motors and lights) and not only sen-
sors. In particular, the workshop program consisted of four steps: 

Creative Session 1: Create physical characters (Figure 2a) 

Tutorial: S4A tutorial, learn how to control Arduino, sensors, and motors 

Sampling:
Thirty-seven female 
students participated 

in the creative de-
velopment activity

Data Analysis:
The results were 

quantitatively ana-
lyzed in order to as-
sess our hypotheses

Data Collection:
A survey was created 

based on specific 
measures & handed 
out to the students
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Creative Session 2: Make Scratch programs which animate the physical charac-
ters with S4A and Arduino boards (Figure 2b, 2c) 

Presentation: When students have completed their artworks, they gave them 
names and presented them to the other teams 

At the end of the workshop, a final discussion was held. Students’ artworks of the 
workshop program have been collected and presented in an official exhibition in the 
university. Figure 2d presents a concrete example of the artworks. 

 

Fig. 1. a) Physical activity; b-c) giving life on the physical characters by programming; c)  
Example of interactive artworks 

3.2 Data Collection 

The questionnaire handed out to the students was divided into two parts. The first 
included questions on the demographics of the sample (age and gender) and the 
second part included measures of the various factors regarding students’ intentions 
and emotions. Table 1 lists the questionnaire factors with their items, their operational 
definition, and the source from the literature review. In all cases, 7-point Likert scales 
were used to measure the variables. 

Table 1. The factors used on the survey, their operational definitions, their items and the source 

Constructs Definition Items (Questions) Source 
Adopted 

Intention to 
Participate 

The degree of students’ 
intention to participate in a 
similar activity. 

I intend to participate in similar 
activities in the future (ItP1) 

[13] 

My general intention to partici-
pate in similar activities in the 
future is very high (ItP2) 
I will regularly participate simi-
lar activities in the future (ItP3) 
I will think about participating 
similar activities (ItP4) 
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Table 1. (continued) 

Enjoyment The degree to which the 
activity is perceived to be 
personally enjoyable. 

Attending the activity was en-
joyable (ENJ1) 

[32] 

Attending the activity was excit-
ing (ENJ2) 
I was feeling good in the activ-
ity (EN3J) 

Happiness The degree to which a 
person felt happy 
during the activity. 

In
 g

en
er

al
 d

ur
in

g 
th

e 
ac

tiv
ity

 I
 f

el
t: Satisfied (HAP1) [19] 

Excited (HAP2) 
Curious (HAP3) 

Anxiety The degree to which a 
person felt anxious 
during the activity 

Insecure (ANX1) [19] 

Helpless (ANX2) 

4 Data Analysis and Results 

Fornell and Larcker [12] proposed three procedures to assess the convergent validity 
of any measure in a study: a) Composite reliability of each construct, b) Item reliabili-
ty of the measure and c) The Average Variance Extracted (AVE). 

First, we carried out an analysis of composite reliability and dimensionality to 
check the validity of the scale used in the questionnaire. Regarding the reliability of 
the scales, Cronbach`s α indicators was applied [12] and inter-item correlations statis-
tics for the items of the variable. As Table 3 demonstrates, the result of the test re-
vealed acceptable indices of internal consistency in all the factors. 

In the next stage, we proceeded to evaluating the reliability of the measures. The 
reliability of an item was assessed by measuring its factor loading onto the underlying 
construct. Fornell and Larcker [12] recommended a factor loading of 0.5 to be good 
indicator of validity at the item level. The factor analysis identified four distinct fac-
tors (Table 2): 

1. Intention to Participate (ItP) 
2. Enjoyment (ENJ) 
3. Happiness (HAP) 
4. Anxious (ANX) 

The third step for assessing the convergent validity is the average variance extracted 
(AVE); AVE measures the overall amount of variance that is attributed to the con-
struct in relation to the amount of variance attributable to measurement error. Conver-
gent validity is found to be adequate when the average variance extracted is equal or 
exceeds 0.50 [30]. 
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Table 2. Summary of measurement scales 

Factors Item Mean S.D CR Load AVE 
Intention to 
Participate 
(ItP) 

ItP1 4.37 1.37 0.849 0.849 0.74 
ItP2 4.43 1.27 0.873 
ItP3 3.47 1.54 0.898 
ItP4 4.49 1.48 0.817 

Enjoyment 
(ENJ) 

ENJ1 6.56 0.73 0.867 0.843 0.79 
ENJ2 6.25 1.08 0.910 
ENJ3 6.06 0.92 0.913 

Happiness 
(HAP) 

HAP1 6.22 0.80 0.717 0.710 0.60 
HAP2 5.31 1.24 0.793 
HAP3 5.78 1.20 0.813 

Anxious 
(ANX) 

ANX1 2.33 0.93 0.702 0.936 0.59 

ANX2 1.69 0.89 0.555 

SD, Standard Deviation; CR, Cronbach α; AVE, Average Variance Extracted.  

 
Even though these factors arise from an orthogonal rotation and are separable in 

terms of item loadings, they are correlated (Table 3). Pearson’s correlation coefficient 
between the factors was used, which is about quantifying the strength of the relation-
ship between the variables. Pearson’s test suggests all the factors are related relatively 
strong (Table 3). 

Table 3. Pearson’s correlation coefficient between factors (n = 86) 

Factors ItP ENJ HAP ANX 

ItP 1 0.204 0.511* -0.467* 

ENJ  1 0.519* -0.500* 

HAP   1 -0.501* 

ANX    1 

 * Correlation is significant at the 0.01 level.  

 
To examine the research questions regarding the effect of the Emotion factors on 

students’ ItP we divided ENJ, HAP and ANX on low and high categories using 
median split approach. And then we used Analysis of Variances (ANOVA) includ-
ing students’ ItP as dependent variables and the three confidence factors (ENJ, 
HAP, ANX) as independent variable. All statistical analyses reported in this re-
search were conducted in a significance level of 0.05. As we can see from the out-
comes in Table 4, Enjoyment has indicated insignificant influence and Happiness 
and Anxiety have indicated significant influence on students’ intention to partici-
pate on similar activities in the future, as such H1 hypotheses was rejected and H2 
and H3 were supported. 
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Table 4. Hypotheses testing using Analysis of Variances (ANOVA) 

Dependent 
Variable 

Mean (S.D.) F Results 

Low High 

Intention to 
Participate 
(ItP) 

Enjoyment (ENJ)   

4.02 (1.12) 4.42 (1.29) 0.89 H1 (Rejected) 

Happiness (HAP)   

3.54 (0.67) 4.93 (1.26) 16.25* H2 (Accepted) 

Anxiety (ANX)   

4.89 (1.39) 3.83 (0.90) -7. 05* H3 (Accepted) 

* Correlation is significant at the 0.01 level.  

 
Observing Figure 3, we can easily notice the positive influence of Happiness, the 

negative influence of Anxiety and the neutrality of Enjoyment. 
 

 

Fig. 2. The effect of enjoyment, happiness and anxiety in students’ intention to participate to 
the programming activity 

5 Discussion and Conclusions 

In order to attract more students to the CS and IT disciplines, creative development 
activities have been designed and successfully applied in the last years [2, 5, 8].  
In addition, recent studies have reported the crucial role of students’ emotions and 
feelings on their behavior [3, 24]. To this end, a vital issue on that direction is:  
how emotions can increase students’ intention to participate on creative development 
activities?  
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In the current paper we attempt to provide insights on the direction of using crea-
tive development activities to attract and engage students within the CS. The first step 
was to design and deploy a series of creative development activities. In particular, 
students engaged in programming languages (i.e., Scratch) and programmable hard-
ware platforms (i.e. Arduino), which enabled them to engage in the world of creativi-
ty with digital enriched artifacts, like robots and interactive installations. In the next 
step, we used the empirical data obtained from students’ experience with the activity 
in order to evaluate the effect of the key emotions on their intention to adopt on simi-
lar future activities.  

Specifically in this study, three hypotheses (H1–H3) which help in understanding 
the role of emotions, and their contribution on creative development activities adop-
tion from students were presented. The findings indicate that happiness has a positive 
effect, anxious has negative effect and enjoyment has no effect (neutral) on students’ 
intention to participate on similar activities in the future. As such, by increasing stu-
dents’ happiness and decreasing anxiety we will be able to increase participation on 
creative development activities. 

Based on the above findings, practices for increasing happiness (e.g., using humor 
in instructing, eliminate what students normally do not like, giving them positive 
feedback) must be performed by activities designers and instructors. Along with in-
creasing students’ happiness, practices to decrease their anxiety during the activity are 
highly recommended. For example, instructors must set attainable goals, praise about 
students’ developing skills and use scenarios for increasing collaboration. 

As with any empirical study, there are some limitations. First, in this study the res-
pondents were students, in the frames of Norwegian educational system; this may 
limit the extent of the generalization of the findings. Secondly, the data are based on 
self-reported method, other methods such as depth interviews and observations could 
provide a complimentary picture of the findings through data triangulation. Thirdly, 
there are numerous emotions (e.g., sadness, anger) affecting students’ behavior and 
intentions, but this study focused on Enjoyment, Happiness and Anxiety, as they are 
considered the most representative and important from the literature. Last, there is an 
age difference on the participants of one workshop, this was made because we wanted 
to see if there is a difference on that group on the under investigation effects. Howev-
er, the distribution of the responses was the same and there was no moderation effect. 
Therefore, we decided that there is no reason to distinguish the responses obtained 
from that group. 

In the next step of this ongoing project we will continue our research with qualita-
tive methods, and aim to improve and optimize the workshop experience for our 
young participants. As such, future studies with larger sample from different classes 
and educational systems using wide variety of measures (i.e., observations, inter-
views) would valuably contribute on the understanding and improving the creative 
development activities and the role of students’ emotions. 
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Abstract. This pilot study is concerned with the exploration of tabletops in  
preservice teacher education, through the lens of sociocultural theories. An  
educational tabletop application designed to facilitate dialog and collaborative 
decision making, so called IdeasMapping, was enacted in the context of propos-
ing a solution plan for a case study classroom problem. Students’ responses to a 
questionnaire showed that they positively endorsed the technology for this type 
of collaborative activity. Moreover, analysis of video recordings of groups’ dis-
cussions and interactions showed that the technology enhanced students’ com-
munication as they took turns in sharing their ideas, and provided structure and 
organization of these ideas linked to possible solutions on the problems embed-
ded in the case. 

Keywords: collaborative learning, collaborative decision making, surface com-
puting, interactive tables, tabletops, preservice teacher education, case based 
learning, educational technology, technology integration.  

1 Introduction 

The emergence of technologies as part of our increasingly networked world has influ-
enced higher education offering new exciting approaches to collaborative activities. 
Multitouch interactive tables (or tabletops) have been extensively discussed for their 
potential to support collaboration and learning. As discussed by [15], tabletops afford 
cooperative gestures which can enhance users’ sense of teamwork, while the technol-
ogy ‘invites’ interaction and willingness to participate in group work [17]. Despite its 
promise, integration and appropriate use of this technology in everyday school set-
tings and in higher education classrooms is very limited.  

As [14] recently argued there is “a problematic gap between what could be effec-
tive technology-enhanced learning (TEL) in theory, and what can be effective TEL in 
practice.” In this pilot study, we view tabletops as a source of innovation in teacher 
education, that is also possible and practical today, in terms of supporting existing 
knowledge and practices within a shared physical space that allows the team to re-
main focused on the task at hand. We present an exploration of the use of tabletops in 



 Dialogue, Knowledge Work and Tabletops 411 

 

preservice teacher education within a classroom environment. The tabletop used in 
the study is equipped with IdeasMapping, an application that enables participants to 
develop a taxonomy of their ideas as they brainstorm (see section 1.3). Using the 
tabletop, groups of students discussed a case study classroom scenario and eventually 
created a taxonomy of ideas on how the teacher needs to respond to the problems 
embedded in the case. 

2 Theoretical Framing 

We explore the use of tabletops in pre-service teacher education through the lens of 
the Vygotskian sociocultural theory. The sociocultural perspective in education ar-
gues that human understanding and meaning is constructed through experiences and 
as part of a social context. It favors collaboration among peers while learning happens 
in situ, being located within tools and artifacts that play a pivotal role in the process. 
From a sociocultural perspective the use of tools plays an important role in extending 
human abilities and in enhancing thinking processes i.e., as in helping to create a re-
presentation of ideas or explicate one’s thoughts. In this context, collaborative learn-
ing has been considered as key to knowledge creation in problem solving situations as 
it requires participation in shared activities, negotiation of ideas and decision making. 
As such, collaborative learning is essentially situated, contextual and discursive [20]. 
Further, collaborative learning has been claimed as one of the key skills that higher 
education institutions need to develop as, in today’s society, problems which profes-
sionals need to tackle are often multi-faceted and need to be explored and targeted by 
multi-disciplinary groups. Researchers [7] have argued about the need of higher edu-
cation to induct students into knowledge-building practices across different communi-
ties. Such practices often involve dialogical activities organised as part of learning 
environments potentially supported by technologies. 

3 Tabletops in Education  

In a recent review, [10] discussed the technological characteristics of interactive tab-
letops as well as their pedagogical affordances, drawing evidence from the education 
and computer science literature. Overall, as pointed out by the authors, most of what 
we know in this area concerns technical issues related to interaction of users with the 
technology, while we know little about the use and value of multitouch tabletops in 
formal and informal educational settings. Below we summarize some recent empirical 
evidence from the education arena. 

Multitouch tabletops have been used with special user groups to promote devel-
opment of social skills. SIDES, for example, is a four-player cooperative computer 
game designed to support adolescents with Asperger’s syndrome practise social skills 
and effective group work during their group therapy sessions [16]. SIDES provided an 
engaging experience for this audience who remained engaged in the activity the entire 
time and learned from the activity (unlike typical behavior of this population). Simi-
larly, StoryTable [5] has been used to facilitate collaboration and social interaction for 



412 A. Ioannou, M. Zenios, and A. Stylianou 

 

children with autistic spectrum disorder with positive effects. StoryTable [2] was 
initially designed to support children’s storytelling activity in groups; evaluation of 
StoryTable showed that it enforced cooperation between children during the storytel-
ling activity, by allowing simultaneous work on different tasks, while encouraging 
them to perform crucial operations together in order to progress [2]. 

Furthermore, multitouch tabletops have been studied for their added benefits com-
pared to singletouch tabletops in educational settings. Authors [8] contrasted groups 
of children in multitouch and singletouch conditions and found that children talked 
more about the task in the multitouch condition while, in the singletouch condition, 
they talked more about turn taking. A different study by [12] concerned the impact of 
particular tabletop interaction techniques on the type of talk during collaborative 
learning. The researchers found that different interaction techniques (direct touch, 
pantograph and non-digital table) resulted in different types of communication pat-
terns during collaborative learning. 

With regards to using tabletops in formal educational settings, a series of studies 
was conducted as part of the SynergyNet project [10] going beyond using single tab-
letops to studying a network of tabletops that can communicate with each other.  
SynergyNet undertook the development of curricula and tabletop applications for 
classroom integration focusing on how tabletops can best support collaboration in 
small groups. One SynergyNet study contrasted groups of children in multitouch and 
paper-based conditions to examine differences in their collaborative learning strate-
gies [10]. The authors found that student groups in the multitouch condition main-
tained better joint attention on the task than groups in the paper-based condition. 
Another recent SynergyNet study examined NumberNet, a tool designed to promote 
within and between group collaboration in a mathematic classroom using a network 
of tabletops [9]; pilot results from 32 students showed significant knowledge gains 
from pre to post testing. 

Last but not least, tabletops are considered engaging and fun. Researchers [1] as-
sessed overall (perceived) usefulness and benefit of using tabletops in collaboration 
contexts with 80 participants. The study showed that groups in the tabletop experi-
mental condition had improved subjective experience and increased motivation to 
engage in the task. 

4 Method 

IdeasMapping. This tabletop application is designed to support collaborative deci-
sion making by allowing the participants to analyze a problem and brainstorm around 
possible solutions, while they actively construct a consensus artifact, namely, a tax-
onomy of their ideas. The detailed functionality of the application, design methodolo-
gy and user experience evaluation are reported elsewhere [19]. In IdeasMapping, 
collaboration is enforced in three stages: 

Stage 1: With a problem at hand, each collaborator generates new ideas. Ideas are 
typed into a web application through the use of a mobile device such as a laptop or 
tablet (brainstorming stage).  
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Stage 2: The ideas are presented one-by-one, as digital post-it notes on the table-
top surface and become subject to discussion amongst the collaborators. For each 
idea, collaborators make an effort to categorize it in a thematic unit; thematic units 
can be created by any participant (collaborative decision making stage). 

Stage 3: Participants can finalize their taxonomy by editing ideas or generating 
new ones, deleting ideas or thematic units that are less promising, and relocating ideas 
into thematic units for a better fit until all collaborators are satisfied (consensus deci-
sion making stage). 

 

 

Fig. 1. Working in IdeasMapping 

Participants. The participants were 20 undergraduate students, mainly females (80%) 
between 20 and 22 years of age, in an Educational Psychology course, taught over 16 
weeks at a private University in Cyprus. All of them were preservice teacher educa-
tion candidates. 

Procedures. Students were randomly assigned in five groups of four students each 
and were tasked to work collaboratively in their groups on a case study classroom 
scenario. They were to apply concepts learned in the course and argue for plausible 
solutions to the problem embedded in the case.   

To ensure quality, the case scenario was adopted from a book specialized on the 
case study method by [6]. The scenario presented an ambiguous classroom problem 
concerning a ‘divided’ classroom where about 1/3 of the students read below grade 
level (prefer worksheets), 1/3 read at grade level, and 1/3 read above grade level (pre-
fer reading), leading to emotions of frustration and boredom for many students and 
making teaching very difficult.  

Stage 1 of IdeasMapping (brainstorming stage) was carried out in distance. Students 
were given a week to read the case, think and record their ideas into the IdeasMapping 
web application. Then, Stages 2 and 3 involved collocated collaboration around the 
table. Each group met face-to-face and engaged in dialog and interaction around the 
table in an effort to categorize their different views and ideas into thematic units (see 
Fig. 1). Ultimately each group created consensus taxonomy of 4-5 main areas the educa-
tor needs work on to create a classroom environment for all students (see Fig. 1). 
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Data Collection. A questionnaire was administered to all the participants at the com-
pletion of the activity. The questionnaire aimed to assess the perceived value of table-
top technology and IdeasMapping specifically for collocated collaboration on case 
study problems. Moreover, the sessions of all five groups were video recorded for 
subsequent video analysis.  

5 Analysis and Results  

Questionnaire Data. The questionnaire included 6 Likert-type items, with a 7-point 
agreement response scale (from 1: completely disagree to 7: completely agree), measur-
ing the extent to which students thought the technology supported their collaboration. 
As shown in Table 1, means were well above the midpoint for all items, suggesting that 
the technology was positively endorsed by the participants.  

Table 1.   Descriptive statistics (N=20) 

Questionnaire Item Mead (SD) 

1. The tabletop met my needs as a collaborator. 6.00 (.89) 
2. The tabletop allowed me to work effective in my team. 5.81 (.66) 
3. The tabletop reinforced my participation in the activity.  6.40 (.63) 
4. The tabletop helped promote collaboration between group mem-

bers. 
6.19 (.54) 

5. As an educator, I would use tabletops to support collaborative 
learning.  

6.25 (.93) 

6. I would recommend tabletops to an educator aiming to promote 
collaborative learning.  

6.38 (.89) 

 
The questionnaire also included two open-ended questions concerning the pros 

and cons of using a tabletop for this type of collaborative activity. Using open coding 
[18] we found a couple of themes (codes) in students’ responses, as described below:  

The tabletop enabled physical communication, joined attention and awareness. 
Students pointed out how the physical shared workspace promoted collaboration by 
enabling physical communication, shared awareness, and shared attention on the 
group artifact. Some indicative student quotes on this idea include:  
 
Group 1 participant: “Sitting together at one place and discussing and working together on the 
same artifacts kept our attention focused.”  
 
Group 2 participant: “I think the power of this technology is the shared digital display. Every-
one can see and interact with artifacts on the tabletop and there is full awareness of everyone’s 
actions.”  
 
Group 3 participant: “I felt the tabletop forced collaboration by bringing the teammates first 
physically closers and subsequently mentally closer. It was not too large like a typical round 



 Dialogue, Knowledge Work and Tabletops 415 

 

table, around which people get distracted. It was small enough to get us physically close and 
large enough to get us working together and thus, mentally close.” 

 
Shared power. Students also pointed out how the tabletop allowed ‘power’ to be 
shared and distributed over the display, thus enabling participation by all collabora-
tors, for example: 
 

Group 2 participant: “I liked how each of us could delete and add ideas. With the multitouch 
capability all participated and everyone’s voice was heard.” 
 
Group 4 participant: “If we were to do this activity around a regular table I can see one student 
taking the lead and doing all the writing and making the decisions. I can see maybe another one 
somewhat contributing and the other two students looking outside the window! The tabletop 
discouraged one member from taking over, but encouraged everyone to contribute instead.” 
 

Last but not least, as one would expect with the integration of any new technology 
in the classroom, a novelty effect was also evident in students’ responses. Several 
students commented how the tabletop was different, original, interesting and enjoya-
ble among others. Of course, we consider this aspect less interesting, as technology 
should be intergraded to improve the nature of collaboration and learning, not because 
of its novelty.  

Video Data. Analysis of video recordings of groups’ discussions and interactions 
showed that the technology enhanced students’ communication as they took turns in 
sharing their ideas, and provided structure and organization of these ideas linked to 
possible solutions on the problems embedded in the case. Below, we provide three 
examples of episodes demonstrating how ideas and thematic units were discussed and 
evolved as part of the collaboration process. 

 
Group 2 video episode (IdeasMapping Stage 1): 
P1: “With this idea I refer to the need for discipline. The teacher continuously threatens the 
students that there will be a sanction, but this does not occur ever. And the problematic be-
havior goes on and on.  At least 3 students need to be punished based on what I read in the 
case.” (originator of the idea) 
P3: “Yes there are 2 boys…they fight during the recesses and continue their fight in the 
classroom. With sanctions, the rest of the students will also get the message…that the teach-
er is serious about punishment.” 
P2: “Should we create a theme named ‘controlling behaviors’? Indeed there is a problem 
with students’ behavior. Remember when a poor reader did the reading? Others were laugh-
ing at him, and this was very inappropriate.” 
P3: “Maybe we use a more general description of this theme to include actions towards ad-
dressing all these kinds of problematic behaviors?” 
P4: “Let’s name it ‘behavior modification’.  The teacher has to work on ‘changing’ students’ 
behavior for the best.” 
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Group 1 episode (IdeasMapping Stage 1):  
P1: “I feel collaboration will be a plus in Karen’s lessons. Students have diffident abilities. 
With mixed-ability groups the strong readers may have a positive influence on the poor 
readers.” (originator of the idea) 
P4: “Did you pay attention to the details? …that poor readers (1/3 of the students) enjoy 
completing worksheets. And another 1/3 are neutral about both reading and worksheets. In-
deed, Karen has to somehow mix these abilities. Instead of doing reading vs. worksheets, 
she should give them a group task of different nature, on which good readers and good 
worksheet-workers could work together and support each other.”    
P2: “How should we name this category? It does not fit with our other categories, right?  It 
has to do with a change in the instructional methods and learning environment.  
P1: “More specifically it has to do with promoting collaboration or even promoting interac-
tion”. 
P3/P4 (together): “Let’s name it ‘promoting interaction’. It is more inclusive and may in-
clude other ideas too.”  

 
Group 3 video episode (IdeasMapping Stage 1):  
P3: “My idea involves promoting collaboration using mixed-ability groups. She could create 
teams of poor and strong readers and give them tasks that require them to work together.” 
(originator of the idea) 
P2: “I have a similar idea coming up [refers to a post-it note not appeared yet]. I suggest that 
she integrates social tools into her lesson to promote communication across students and 
make it more interactive and fun.” 
P4: “Could this be named ‘new instructional methods’? Collaboration in terms of peer-
feedback would also help, I am thinking. Can we add this thought?” 
P1: “I think we can add it later on…in Stage 2 of the app.”  
P2: “Yes, let’s do ‘new instructional methods’ and we can add more ideas in there as we 
keep thinking.” 

6 Discussion and Conclusions 

Overall, the results of this pilot study indicate that multitouch interactive tabletops 
provide a revolutionary approach to collaborative learning in preservice teacher edu-
cation as they can enable the development of a shared space and physical communica-
tion between group members. The tabletop allowed the participants to add and delete 
ideas, and to take turns on discussing and critiquing thoughts until they agreed on a 
final taxonomy.  

In particular, the results from the questionnaire data analysis showed that users’ 
experience was very positive. Students thought the technology supported their colla-
boration and there was added value into using a tabletop for this kind of collaborative 
activity. Consistent with prior work on tabletops, these results provide further evi-
dence of the affordances of tabletop systems to support dialog and collaboration on a 
group artifact in the context of problem based activities by enabling physical commu-
nication, joined attention and awareness (see also [4],[10]) and by distributing  
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‘power’ over the display (see also [4], [11], [13]). Further, results from the video 
analysis demonstrated how the interactive tabletop enabled multiple points of control, 
in contrast to laptops and computers where team members have to negotiate their 
participation and often wait for their turn in using the devices (see also [8]). To this 
extent it can facilitate co-located collaboration and co-ordination as well as sharing of 
external representations among members that help them explicate their thinking as 
new developing teachers. 

Dimensions of collaborative learning include interactivity, synchronicity and nego-
tiability [3]. Work supported through tabletops enables learners being aware of the 
interactions among them that seems to influence co-participants’ cognitive processes. 
Also, it shows the effort of an individual to model the knowledge state of a co-
participant. Further, it helps participants engage in dialogue and reach consensus. This 
occurs by enabling participants to create arguments in order to support alternative 
viewpoints, justify positions, negotiate meaning and attempt to convince each other.  

However, it should be noted that at times the process was challenging for the stu-
dents as they encountered difficulties in engaging in these tasks on their own. The role 
of the tutor was valuable in stimulating the participants in creating the appropriate 
linkages between their ideas while they used the multitouch tabletop. Further research 
needs to identify examples and types of teaching activities that will support student 
teachers in their use of tabletops. The pedagogic uses of tabletops in classrooms need 
to show how these activities can be designed, implemented and supported within a 
classroom.   
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Abstract. Self-Regulated Learning (SRL) is a popular concept in the research 
area of the education. However, most researchers who have studied SRL focus 
on the theoretical aspects of metacognition or the educational application such 
as children’s learning and academic performance. The purpose of this research 
is to investigate the SRL effects of dual feedback (retrospective confident 
judgments and task performances) in a dynamic task environment. A human-in-
the-loop simulation experiment was conducted to collect real-time task perfor-
mance data from participants and compared the self-regulated learning effects 
between different feedback conditions. We found that an improvement in the 
accuracy of their performance prediction might promote an increase in their  
situation awareness on dynamic decision-making tasks. This research will con-
tribute design faster and more effective training algorism to inexperienced op-
erators in the computer simulation training environment. 

Keywords: Simulation Training, Self-Regulated Learning, Human-in-the-loop 
simulation. 

1 Introduction 

Developing the next generation simulation training methods that account for improv-
ing both task performances and situational awareness in dynamic-decision making 
tasks is an important goal for the computerized training research. To design a more 
advanced simulation-based training which satisfies this goal, we chose to study the 
Self-Regulated Learning (SRL) on different feedback conditions. Feedback plays a 
central role in many learning models and theories (Hawk & Shah, 2008). Especially, 
most research about feedback in a dynamic environment demonstrates that only ap-
propriate feedback can provide valuable information to operators (Norman, 1990). 
However, it is hard to understand the various learning patterns caused by different 
feedback conditions in a dynamic environment. Hence, we initiated an investigation 
to understand the different learning patterns based on the Self-Regulated Learning in 
the computer simulation training environment.   
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In this research, we focused on the SRL effects of dual feedback (retrospective 
confident judgments and task performances) within the Anti-Air Warfare Coordinator 
(AAWC) simulation domain. The retrospective confident judgments (RCJ) monitor-
ing feedback informed the score of the participants’ confidence level for their res-
ponses before knowing whether they were correct or incorrect about the given tasks. 
The task performances monitoring feedback provided the trainees with information on 
their decision-making and task strategies. Two different types of task performances 
were recorded during the experiment. One was called Situation Awareness (SA); 
another one was called Operator Action Performance (OAP). Our results showed that 
the experimental groups (1th group: monitoring dual feedback with RCJ and SA, and 
2th group: monitoring dual feedback with RCJ and OAP) could predict their situation-
al awareness more accurate than other two control groups (1th group: monitoring dual 
feedback with SA and OAP, and 2th group: no feedback). In addition, the experimen-
tal groups’ SA accuracy scores were significantly higher than the control groups. 
These findings could support that trainee’ incremental belief about their decision-
making process is important to improve the ability to recognize their situational 
awareness for the given tasks 

2 Background 

The theoretical framework for Self-Regulated Learning (SRL) is based on the Dun-
losky and Hertzog’s memory-training research (Dunlosky & Hertzog, 1998). The key 
point of SRL is how to direct the students’ ability to understand their own learning 
(Zimmerman & Schunk, 1989). The concept consists of series of self-generated 
thoughts, feelings, and actions, which are systematically generated by students in 
order to achieve their goals. One of the strengths to being self-regulated learners is 
that they are more recognizable for their academic strengths and weaknesses than 
non-self-regulated learners. Hence, feedback about how well people understand what 
they learned during the task could be the critical point of the self-regulated learning 
process. Hacker, Bol, Horgam, and Rakow prove that the poorest performers are the 
most overconfident (Hacker, Bol, Horgan, & Rakow, 2000). It means that poor per-
formers are not only unskilled but also unaware. In the research area of the education, 
monitoring retrospective confident judgments feedback from study and test plays an 
important role to influence in updating the SRL process because the updated data 
from the feedback can affect not only trainees’ decision making process to improve 
their performance but also the prediction about their self-improvement. 

3 Methods 

3.1 Dynamic Decision-Making Task 

To find the answer to the research question, a human-in-the-loop simulation AAWC 
simulation test bed was used (Kim, Rothrock, Tharanathan, & Thiruvengada, 2011).  
 



 Simulation Training in Self-Regulated Learning 421 

 

 

  

Fig. 1. AAWC simulation (left) and Relationship between geographical map and AAWC inter-
face (right) (Kim et al., 2011) 

It is similar to an air traffic controller simulation within the context of military com-
mand and control.  The AAWC is an interactive simulation in which a controller 
must defend his/her ship against hostile aircraft. Each aircraft within the simulator 
presents specific cues that relate to the identity of the aircraft. Participants were re-
quired to identify unknown aircraft and take appropriate action on those aircraft based 
on the Rules of Engagement (RoE). Participants must focus on identifying unknown 
aircraft correctly in order to defend the ship. Figure 1(left) shows the screen shot of 
AAWC simulation. 
The details of the Rules of Engagement are shown below: 

• Identification Rules (Unknown aircraft only) 

─ Make a primary identification of air contact (i.e., friendly, hostile, assumed hos-
tile/friendly) 

─ Make an AIR identification of air contact (i.e., Strike, Missile, Helicopter, etc.) 

• Warning Rules (Hostile or Assumed hostile only) 

─ Issue Level 1 Warning at 50NM 
─ Issue Level 2 Warning at 40NM 
─ Issue Level 3 Warning at 30NM 

• Assign / Illuminate aircraft (at 30NM; Hostile or Assumed hostile only) 

The AAWC test bed is used to simulate a complex command-and-control task en-
vironment in the laboratory setting to promote decision making under dynamic task 
conditions. Eight scenarios were developed to conduct the experiment. Realistic geo-
graphical representation was used to create authentic experimental scenarios (see Fig 
1 right). All events occurred in specific time sequences and were tied to Situation 
Awareness probes. 
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3.2 Procedure 

A total of 64 students (age 18 or older) participated. Total experimental time for each 
person took about 4.5 hours. Participants were asked to control resources in order to 
perform tasks during the simulation. The experiment consisted of two sessions – a 
training session and an actual trial session. During the training session (Day 1), the 
participants were trained in task specific skills and were given feedback on their per-
formance. In addition to these, participants also received an instructor’s feedback 
about their tasks during the experiment. The practice scenario took 5 minutes to com-
plete; the total number of unknown aircrafts in practice scenarios was smaller than in 
experimental scenarios.  Based on the result of the pilot test, participants who com-
pleted the practice simulation three times were considered ready to engage in actual 
trials. The participants underwent two experiment sessions (Day 2 and 3). Each per-
son was exposed to 8 test scenarios and required to take the NASA TLX test to meas-
ure their task workload. Each experiment session lasted approximately 90 minutes. 

During the experiment session, the participants were asked specific situation 
awareness questions in each test scenario, which was designed to run for 15 minutes. 
The simulation was frozen automatically at a random time between 10 and 15 minutes 
after the simulation start time. After this freeze, participants answered situation 
awareness probe questions. Participants also answered a retrospective confident 
judgment probe two times (one for Operator Action Performance, called “OAP-RCJ”; 
another one for Situation Awareness, called “SA-RCJ”).   

3.3 Experimental Design 

In this experiment, we considered a situation in which three factors (A: Retrospective 
Confident Judgment (RCJ), B: Situation Awareness (SA), and C: Operator Action 
Performance (OAP)) were of interest. The plus and minus signs for the one-half frac-
tions of the 23 design is shown in Table 1 and Figure 2.   

In this experiment, there were two experimental groups: RCJ + SA and RCJ + 
OAP feedback group. Participant who was assigned in the experimental groups moni-
tored both his/her self-evaluation regarding the AAWC performance result and one of 
their actual task performances (SA or OAP) together. There were also two control 
groups: SA + OAP and No feedback. Participants in the control groups were moni-
tored for only task performance feedbacks based on SA and OAP or no feedback.  
Exposure time for the feedback screen for each group was constrained to limit effect 
of bias due to uneven exposure to the feedback between feedback groups. In this ex-
periment, participants were allowed to view the feedback screen for three minutes. 

Table 1. The one-half fractions of the 23 design 

A B C 
Treatment 

Combination 
Feedback Group 

− − − (1) No feedback 
+ + − ab RCJ + SA 
+ − + ac RCJ + OAP 
− + + bc SA + OAP 
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Fig. 2. Projection of the experimental design 

4 Performance Metrics 

4.1 Retrospective Confidence Judgment (RCJ) Rating 

This is the participants’ confidence level for their responses before knowing whether 
they are correct or incorrect.  RCJ rating comes from metacognitive monitoring 
processes associated more directly with retrieval (Dougherty, Scheck, Nelson, & 
Narens, 2005). We collected Self-rating scores (scale: 1 to 100) for OAP-RCJ and 
SA-RCJ during the testing sessions. The following was asked in the probe for OAP-
RCJ & SA-RCJ: 

- OAP-RCJ: "How well do you think you are aware of the objects and events in 
your airspace?” 

- SA-RCJ: "How well do you think you have performed the Rules of Engagement 
(RoE) in your airspace?” 

4.2 Situation Awareness (SA) Accuracy 

SA accuracy is the most well-known measure of Situation Awareness (Endsley, 
1988). It is designed for real time human-in-the-loop simulation such as a radar moni-
toring or military cockpit. This technique was used in our dynamic system to collect 
objective data of SA across all operators. In this experiment, SA probes were pre-
sented to participants in order to determine their situation awareness after the simula-
tion was stopped at random times, after 10 minutes passed from the beginning of the 
simulation. Their responses were compared with the correct answers that had been 
collected in the computer database. The accuracy of operator’s situation awareness 
(SA Accuracy) is calculated by 

 SA accuracy = (Number of correct response × 100) / Total number of SA probes       (1) 

4.3 Operator Action Performance(OAP) Accuracy 

This is defined as the degree of on-time correct action of a dynamic control task. In 
this experiment, we adopted a Time Window (TW) concept to evaluate trainees’ task 
performance. TW is a construct that specifies a functional relationship between a 
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required situation and the time interval that specifies the availability of an action op-
portunity which leads to the required situation (Rothrock, 2001). By using the concept 
of a TW, we measured the operator’s OAP accuracy in terms of Rules of Engage-
ments (RoE). It is calculated by 

 OAP accuracy = (Number of correct actions × 100) / Total number of TW based on RoE  (2) 

4.4 NASA Task Load Index (NASA-TLX) 

A multidimensional subjective workload rating technique, NASA TLX is commonly 
used to measure operators’ workload (Hancock, Williams, & Manning, 1995). There 
are six dimensions for subjective workload: mental demand, physical demand, tem-
poral demand, perceived performance, effort, and frustration level (close to 100 - high 
workload; close to 0 - low workload). We collected participants’ cognitive task work-
load for each scenario. 

4.5 Self-Regulation (SR) Effect 

Self-Regulation refers to one’s ability to understand and control one’s learning envi-
ronment. Hacker, Bol, Horgam, and Rakow (2000) report that the poorest performers 
are the most overconfident, and this group has the largest deviation between retros-
pective confidence judgment score and task performance while the best performers 
who are self-regulated learners show the smallest deviation between retrospective 
confidence judgment (RCJ) scores and task performances. We computed the deviation 
between RCJ scores and task performances. These prediction errors (called SR effect) 
are calculated by: 

 Self-Regulation (SR) = |RCJi – Performancei| (3) 

Where i = 1 is related to Operator Action Performance; i = 2 is related to Situation 
Awareness.  

5 Results  

5.1 Descriptive Statics 

We compared participants’ OAP-RCJ and SA-RCJ rating, SA accuracy, and OAP 
accuracy, and operator’s workload (NASA TLX) between all four groups: No feed-
back, RCJ + SA, RCJ + OAP, SA + OAP. For OAP-RCJ and SA-RCJ, there were 
significant differences between groups; OAP-RCJ (p <0.01), SA-RCJ (p < 0.01). For 
SA and OAP accuracy, there were significant difference between groups; SA (p 
<0.01), OAP (p <0.01). However, NASA-TLX was similar between groups (p 
=0.095).   

 



 Simulation Training in Self-Regulated Learning 425 

 

Table 2. Performance results  

Feedback Group Metrics Mean StDev Median 

RCJ + SA 
(n = 16) 

OAP-RCJ 59.41 20.86 60.00 
SA-RCJ 51.28 20.80 50.00 

SA accuracy 50.69 19.85 55.56 
OAP accuracy 21.65 13.31 21.45 
NASA-TLX 58.29 16.67 57.73 

RCJ + OAP 
(n = 16) 

OAP-RCJ 62.42 21.26 70.00 
SA-RCJ 57.25 22.08 60.00 

SA accuracy 54.84 19.01 55.00 
OAP accuracy 30.22 21.51 27.67 
NASA-TLX 54.34 19.57 58.10 

SA+OAP 
(n = 16) 

OAP-RCJ 64.84 20.91 70.00 
SA-RCJ 58.06 23.45 60.00 

SA accuracy 46.39 24.27 44.00 
OAP accuracy 30.97 23.43 28.50 
NASA-TLX 58.54 18.85 61.00 

No feedback 
(n = 16) 

OAP-RCJ 55.00 28.37 65.00 
SA-RCJ 46.82 28.32 50.00 

SA accuracy 36.36 24.11 33.00 
OAP accuracy 16.56 12.84 15.33 
NASA-TLX 59.72 17.24 59.50 

5.2 Main Effects 

In this experiment, we used three different feedback factors for our main effect. In 
terms of the one-way ANOVA result of the learning improvement1 by testing session 
(see Table 3), RCJ monitoring feedback significantly affected operators’ ability to 
take on-time correct actions while SA feedback affected operators’ understanding 
level of the given tasks. For OAP feedback, it influenced both SA and OAP accuracy.  

Table 3. ANOVA results by learning (*p<0.05)  

Feedback 
Condition 

OAP-RCJ SA-RCJ 
SA  

accuracy 
OAP 

accuracy 
NASA-TLX 

RCJ  
(A) 

0.052 0.26 0.206 0.019* 0.235 

SA  
(B) 

0.796 0.704 0.012* 0.165 0.897 

OAP  
(C) 

0.616 0.897 0.004* 0.000* 0.713 

5.3 Interaction Effects 

We also observed several significant interactions of feedback type. The interaction 
effect of (A) + (B) feedback showed that means of Day 3 performance (both SA and 
OAP accuracy) were significantly improved as compared to Day 2 performance. (A) 
+ (C) feedback could significantly influence participants’ SA accuracy. On the other 
hand, (B) + (C) feedback was significantly influence OAP accuracy (see Table 4). 
                                                           
1 Day 3 performance – Day 2 performance. 
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Table 4. Two-way interaction results (*p<0.05)  

Interaction OAP-RCJ SA-RCJ SA accuracy OAP accuracy NASA-TLX 
(A) + (B) 0.615 0.877 0.004* 0.000* 0.714 
(A) + (C) 0.795 0.704 0.012* 0.154 0.897 
(B) + (C) 0.052 0.261 0.200 0.016* 0.236 

5.4 Self-Regulation Effect 

We found a significant difference between the experimental groups and control 
groups in terms of the prediction error from SA accuracy. However, there was no 
significant difference between groups in terms of the prediction error from OAP accu-
racy. Figure 3 shows that participants who were exposed to the RCJ monitoring feed-
back could surmise their situation awareness ability more accurately than others.  
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Fig. 4. SA means comparison between groups 
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Figure 4 shows that the experimental groups’ prediction errors from SA accuracy 
were significantly lower than the control groups. Moreover, both experimental 
groups’ SA means were higher than the control groups (see Figure 5).  

6 Discussion 

According to the results, we found that different combinations of dual feedback influ-
ence task performances differently in a dynamic environment. However, the dual 
feedback did not influence participants’ cognitive workload. By monitoring the RCJ 
component on the feedback screen, participants’ accuracy of judgments regarding a 
situational awareness was significantly improved. In addition, the RCJ could signifi-
cantly influence OAP accuracy (see Table 3). This means that participants who were 
exposed to the concurrent attention to both retrospective confident judgments regard-
ing self-evaluation of the given task and their actual task performances could improve 
not only their correct decision-making process but also situational awareness in a 
dynamic environment. Hence, the dual feedback with RCJ and SA or OAP conditions 
can guide trainees’ self-regulated learning behavior more effectively in the computer 
simulation training environment. This result can be supported by Kuiper and Pesut’s 
research in nursing practice. They found that developing both cognitive and metacog-
nitive skill acquisition methods by using self-regulation learning could significantly 
influence the reflective clinical reasoning in nursing practice (Kuiper & Pesut, 2004). 
The present study compared participants’ learning performance between different 
types of dual feedback. We found that an improvement in the accuracy of their per-
formance prediction might promote an increase in their SA performance.  It might be 
interpreted that the feedback of metacognitive monitoring such as retrospective confi-
dent judgments rating is an integral part of self-regulated learning processes in the 
computer-based dynamic decision-making training. The initial findings of our study 
provide a better understanding of the self-regulated learning process in simulation 
training within a dynamic environment. The next step of this research will be devel-
oping a more advanced feedback training algorithm to more effectively improve oper-
ators’ learning performance in the computer-based training simulation. One limitation 
of this study is that the participants performed the AAWC simulation in three days. It 
will be necessary to consider the long term SRL effects of metacognitive monitoring 
feedback in dynamic control tasks.  
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Abstract. This paper describes the Fieldwork Support System (FSS)
for project-based Learning. The FSS is an essential tool for students who
are new to fieldwork activities. They need to take notes on events that
occur in the field and reflect on what people did and what they talked
about in interviews. In addition, students should collaborate to learn
using the data they collected. Therefore, we developed the FSS, which
was constructed to use a combination of portable terminals during the
students’ time in the field and a Web-based management application
upon their return. We also conducted a practical experiment on PBL
in which students explored local communities. The results of a posterior
questionnaire showed the students enjoyed being able to view their cur-
rent locations and the locations of data they had collected on the FSS
terminal map. However, they had complaints about the user interface.

1 Introduction

Amid the rapid progress in technology and diversification of individual values,
people who offer services or productions should identify individuals’ wants and
needs. To do this, they should observe the events that occur in their field to
determine what the problems are. Therefore, in the work process of value cre-
ation, such as designing production or service, designers need to have the skills
of finding and solving problems. As an approach to developing these skills, a
pedagogical methodology named problem-based learning (PBL)[1] is spreading
in the fields of education and business.

Fieldwork has long been carried out in cultural anthropology and sociology[2].
Researchers visit a target site, called ”the field,” to gather firsthand data on real
problems. Similarly, fieldwork is also carried out in the field of design. Field-
workers in design collect materials about the target site through a preliminary
survey before they arrive. Then, during their fieldwork on-site, they observe how
people act and behave. In addition, they interview people in the field according
to their data and results of observation. After the fieldwork, they organize the
data collected from observations and interviews[3,4]. They posit explanations
for the behavior of people observed at the field site, form hypotheses, and then
return to the field for a more detailed survey.

In this sequence of fieldwork, researchers often record their field notes by
hand, using a pen and paper, copy them onto notecards after leaving the field,

P. Zaphiris and A. Ioannou (Eds.): LCT 2014, Part I, LNCS 8523, pp. 429–440, 2014.
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and finally, arrange them on a large paper or organize the notecards for the data
compilation. Recently, however, portable digital devices have become common-
place. By using such devices, researchers can easily record visual data that is
difficult to describe in handwritten notes. They can also carry all the fieldwork
equipment they need in a single device.

In this paper, we propose a support system for fieldwork activities in educa-
tion, mostly intended for use in group work for PBL. We describe a practical
experiment in which students used this system to explore local communities in
PBL. Finally, we present the results of a posterior questionnaire.

2 Fieldwork Support System

The investigation seeks to answer the following two questions about the use of
digital devices for fieldwork activities in the context of group work in PBL.

1. What interface is easiest for students to use? We consider important func-
tions such as collecting field data, collaborating with other students, and
organizing information.

2. What information helps teachers understand students’ progress?We consider
functions such as finding the students’ locations and viewing the information
students have collected.

Similar studies have previously explored the use of mobile devices in edu-
cation. Takenaka et al. proposed a Fieldwork Support System with the same
name, but different from ours, for elementary school children[5]. Children took
pictures using a mobile phone equipped with a camera and emailed the pictures
as attachments to the Web server. However, this system cannot follow children’s
locations, and the task of attaching the pictures in an e-mail requires additional
work. Sugimoto et al. proposed a field research system named SketchMap for el-
ementary school children[6]. The children were asked to create a map of the area
around their school. They used a tablet PC with modules of a GPS sensor and a
camera. A pen-based interaction feature allowed them to add image pictures and
draw. They also took pictures for the map using the camera module. However,
SketchMap specialized in creating the map. Sumi et al. developed a chatting
system named PhotoChat[7] that enables users to draw anyone’s pictures or pic-
tures already drawn by people. It was designed to support users’ communication
through photographic pictures. Yet, although it enables greater communication,
PhotoChat is not always sufficient to record and store information on the field.

Furthermore, some recent applications may make it easy to record fieldwork.
Evernote1 is a well-known cloud-based system for PCs and mobile devices. Ever-
note enables users to record the location of a note when it is taken. Skitch2 is an
application for drawing on pictures, including blank pictures. A Skitch picture
is synchronized as an Evernote note.

1 http://evernote.com/
2 http://evernote.com/skitch/

http://evernote.com/
http://evernote.com/skitch/
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We conducted a preliminary experiment to test whether the existing systems
can adequately support fieldwork. We introduced a combination of Evernote and
Skitch. These systems were executed on 4.3-inch smartphones and 10-inch smart
tablets. The results are summarized as follows.

Skitch enables users to take pictures, and draw on the pictures to write notes.
The drawings are an easy way for students to collect information. Evernote
enables collaboration among students; that is, it allows them to share the infor-
mation they have collected. However, Skitch requested many steps to operate
for completing up to synchronization. Thus, we determined that the existing
systems were not always fit for fieldwork.

We also found that display-size of the device affected the drawing operation
significantly. Although the 4.3-inch smartphone was portable, its small display
was less user-friendly than that of the 10-inch tablet. On the other hand, the
10-inch tablet was less portable.

Therefore, we decided to construct an appropriate system for fieldwork activi-
ties in group work of PBL. The Fieldwork Support System (FSS) was developed
taking into account the above questions and experimental results.

The FSS uses a combination of portable terminals for students’ time in the
field and a Web-based management application upon the students’ return. When
students go to the field, they each carry their own FSS terminal, which they use
to take pictures (using the camera module) and write notes. Using GPS, the FSS
terminal displays a map with the student’s current location and the locations for
which he/she has taken pictures or notes. We consider the pictures and notes,
along with their locations, present location, and past trajectory as the student’s
activity log. The terminal communicates the activity log to a server computer to
store through a third-generation (3G) mobile phone network. When a student
accesses the server through the Web by PC, the FSS displays his/her activity
log and can also display the activity logs of other members in the same group.
Teachers can see all the students’ activity logs.

Based on the results of the preliminary experiment, we decided to use a 7-
inch tablet, which was considered a good size for in terms of both display and
portability. Also for portability in the field, we chose tablet terminals based on
Android OS, which is equipped with a camera, GPS sensor, and touch panel.

As shown in Fig. 1, the terminal initially shows the map as the main screen
when a student runs the FSS application. The main screen displays buttons for
various activities. For example, when the student taps the ”Picture” button, the
terminal runs the inner camera function to take pictures. When he/she taps the
”Notes” button, it runs a canvas screen for note taking. Similarly, when he/she
taps the “Notes on picture” button, it also runs a canvas screen, preparing a par-
ticular picture that the student has selected beforehand. On the canvas screen,
the student is able to directly draw on the screen using a finger or write notes
using the touch screen system. These note-taking functions allow the student to
choose a color for drawing and to erase only what has been drawn. If he/she
has taken notes or pictures, it shows their location on the map on the main
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screen. The terminal can also show a configuration menu to communicate with
the server computer.

Fig. 2 shows the FSS’s Web-based service for PCs. After logging in, every
student and teacher is shown this screen. They can sort collected information
by date or user. In this instance, pictures are sorted by user. A user named
“Test1” has taken 7 pictures, 1 note on a picture, and 2 notes, which are sorted
by the time they were taken. Each of them is shown on the map as a pin mark.
The student’s trajectory from 15 minutes before is also shown. When a student
marks the checkbox next to a picture, the picture is downloaded into his/her
local storage. Teachers, as administrators, have access to the ”User Information”
page, where they can view a list of all the students and their groups and edit
information about them.

3 Practical Experiment

The practical experiment empirically investigated the FSS’s usability for stu-
dents. We used the FSS in a seminar named “The exploration of the fascinating
Nishikyo,” which was attended by 19 students in a design course of an art uni-
versity. Nishikyo is a ward of Kyoto city, Japan, and it comprises several com-
munities. The students were divided into three groups, each corresponding to a
different local community. The seminar lasted four months. The activities using
the FSS took place within the first two months. During this time, the students
visited the field many times.

In total, they took 214 pictures, 9 notes, and 4 notes on pictures. For the
purpose of evaluating the FSS, we administered a questionnaire after the end
of the seminar. The questionnaire asked students how they used the FSS and
what they felt about its usability at the time of use. Some questions were in a
multiple-choice format that allowed more than one answer to be selected. The
others asked for a free response.

All of the 19 students answered the questionnaire. Figs. 3–9 presents the
questionnaire results. These figures plot the number of students as the axis of
ordinate or abscissa.

As shown in Fig. 3, the students reported how often they took the FSS ter-
minal to the field. No one answered that he/she had brought it more times than
he/she had wanted. The answer “others” means that the student did not have
a terminal because he/she had broken it early in the seminar and did not yet
have a replacement. Hence, the student would be willing to carry a terminal at
least that time. All but two of the students who did not carry it at all utilized
the FSS.

The second question was about the terminal’s usability; the results are shown
in Fig. 4. The question was constructed to evaluate each function of the FSS
as easy or awkward to use. The camera function and location-showing functions
earned relatively good ratings. Meanwhile, the students had little appreciation
for the note-taking functions, which half or more of them did not even use.
The third question was about the usability of the Web-based service, evaluated
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The mark of present location

Sync with server Camera Notes Notes on picture

(a) Main screen: The operational buttons and a location map.

Clear to erase drawings Change pen’s color Save this note

(b) Note-taking function screen: It shows the menu when the user taps the three-dot
button in the bottom right corner.

Fig. 1. Screenshots of the FSS terminal application.
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Select All Unselect All Download

Test1
    Thumbnails
        Sort by date
        Sort by user
    User’s information
    Logout

Fig. 2. Screenshot of the FSS Web-based service.
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Fig. 4. Question 2: How did you feel about the usability of the FSS terminal?

in the same way as the terminals. As shown in Fig. 5, more than a third of
students did not use this service. About half answered that it was awkward or
a little awkward. In regard to this service, they also thought about the location
functions more positively.

The fourth question asked to answer all items something recording the field
when they had gone with them. As shown in Fig. 6, most students still brought
notebooks and pens/pencils along. More than half also carried paper maps and
their own cameras. Many brought their own smartphones. On the other hand,
half of the students decided to utilize the FSS terminal. This result is related to
the frequency of use as queried by the first question and is obtained similarly.
The histogram in Fig. 7 shows the number of items as the abscissa and the
number of students as the ordinate. Most students took more than four items
with them.

The fifth question asked about when the students looked at the notes or the
pictures they had taken on the PC, as shown in Fig. 8. It was a multiple-choice
question. About one half of the students answered that they had looked in their
group meeting, and about a quarter of them reported looking the same day they
had taken the notes/pictures by the next meeting. The individual data showed
that the students who answered they had looked after finishing all the fieldwork
also indicated they had not looked before finishing. The students who answered
they had not looked at all did not answer any other Question 5 items.

The sixth question asked what the students did with their notes, pictures, and
data on their locations and trajectories. As shown in Fig. 9, about a half of them
utilized their notes to recall information. In addition, about a half referred to
notes written by other group members. About a third of the students returned
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Fig. 5. Question 3: How do you feel about the usability of the PC component?
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Fig. 6. Question 4: What did you bring to document your observations in the field?
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Fig. 7. This histogram shows the number of items as the abscissa and the number of
students as the ordinate.
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Fig. 8. Question 5: What time did you look at your notes or pictures on the PC?
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Fig. 9. Question 6: What did you do with your notes and pictures, or their locations?

to where they had taken a note or picture. Also, about a third utilized the data
to recall their trajectories. However, none of the students visited a new place
or another student’s previous location. This result, when considered along with
the result of the fifth question, suggests only a few of the students used the
Web-based service.

The seventh question, which allowed a free response, was about the differ-
ence between the students’ experiences using the FSS versus others method of
field documentation. They preferred the FSS function for recording locations.
Specifically, they described that seeing their current location and trajectories
were useful because they did not read paper maps. One student commented
that it was easier not having to record locations manually when taking pic-
tures or notes. The students also expressed that the FSS enabled them to share
information easily. One student described attempting to record more actively.
On the other hand, another student described that operating the terminal was
sometimes interfered with making observations of the field.

The eighth question asked the students to suggest ways to improve the FSS.
First, one student asked for an additional function would allow users to share
pictures and notes while in the field. Second, some students described that the
user interfaces was not intuitive and that it required them to go through un-
necessary steps. Since the current version of the FSS terminal uses Android’s
default camera module and photographic library application, which are dele-
gated by the FSS application, one or more steps are required. The students also
requested making it easier to switch to the note-taking function from the cam-
era module, or vice versa. Third, although the FSS terminals meet a certain
level of accuracy, the GPS sensor was less accurate in the residential areas that
the students visited. Therefore, they described that the terminals did not log
the correct locations. They also described that the sensor took too long to find
the current location when the terminal came back from sleeping mode. Fourth,
the students had to carry the terminal in their hands because it was too large to
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fit in a pocket. As indicated by the responses to the fifth question, the students
carried various items in their hands, pockets, or bags, and in addition, they had
to take the 7-inch tablet, which could not fit within the palm of their hand. Fifth,
the battery ran out quickly. The FSS application in the terminal did not take
into account reducing battery drain. Turning on the display led to drain, and
then the students could not view the map for as long as they wanted. Sixth, there
were the problems of the thermal runaway phenomenon and difficulty looking at
the display under direct sunshine. This activity began during mid-summer and
late autumn of 2013, when Japan was experiencing exceptionally hot tempera-
tures nationwide. We should reduce the problems of heat and sunlight reflection.
Also related to weather, some students asked for water-proof terminals to carry
in the rain.

The final question asked the students for any remaining comments. Some sug-
gestedmaking the FSS compatible with their own smartphone (e.g., iPhone). Oth-
ers requested a carrying case for the terminal to avoid dropping or scratching it.

The results of the questionnaire indicate that the location functions were fa-
vorably accepted by the students. The idea of sharing pictures and notes was also
welcomed. These functions have not yet been realized as a dedicated system for
fieldwork in PBL. However, the students still used their own tools for fieldwork.
Although this may be due in part to their anxiety in the unfamiliar field envi-
ronment, the FSS interface’s lack of intuitiveness played a role in their decision
to use other tools. Especially, the interface for taking pictures and writing notes
needs to be improved.

4 Conclusion

For fieldwork in group work in the context of PBL, we proposed the FSS. The
FSS was constructed to use a combination of portable terminals during the
students’ time in the field and a Web-based management application upon their
return. We also described a practical experiment on the use of the FSS in PBL,
in which students were asked to explore local communities of Nishikyo ward. The
results of a posterior questionnaire showed that the students enjoyed being able
to view their current locations and the locations of data they had collected on
the FSS terminal map. However, they had complaints about the user interface.
In particular, they requested fewer steps to take pictures or notes. They also
expressed concerns about the accuracy of the GPS sensor.

In our future work, we will improve the usability and user interface of the FSS.
We will develop the camera module and add a function for students to adjust
the location value of data on the map. We will also explore the FSS usability for
teachers in future investigations.
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Novel Didactic Proof Assistant for First-Order

Logic Natural Deduction

Jorge Pais� and Álvaro Tasistro
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Abstract. We present a proof assistant designed to help learning formal
proof, particularly in the system of Natural Deduction for First-Order
Logic. The assistant handles formulas and derivations containing meta-
variables and allows to maintain a library of instanciable lemmas. It
possesses a graphical interface presenting proofs as trees and handles
multiple simultaneous derivations that can be dragged and dropped into
one another.

1 Introduction

This paper is about technology that helps learning formal proof. Proof is the
main constituent of the practice of Mathematics, but it is certainly also per-
formed in other disciplines. Particularly, it is, as we argue below, of utmost
importance in software construction, despite being therein generally neglected.
Formal proof, on the other hand, is proof framed within a formal language, or
as it is traditionally called, a formal system of inference rules. The use of these
systems in practice has been awakened, precisely by the needs of the software
construction activity of acquiring certainty about the behaviour of computing
systems. Out of this situation a field of research within Computing Science has
begun to thrive, namely that of the design and development of proof assistants.

Learning proof, and especially formal proof, is therefore acquiring increasing
importance, especially within the software community. Learning proof, generally,
is of course of great interest for students in several disciplines and also, at least
in some countries, for those at High School. In this paper we make the claim
that certain systems of formal proof, most notably Natural Deduction, are useful
also for learning proof in the widest sense, i.e. for developing organized manners
of approaching their understanding and construction. Therefore there is some
interest too in investigating the technology helping to learn formal proof through
practice, i.e. that of the didactic proof assistants.

In [1] we presented a novel didactic proof assistant, here to be named Andy
0, for the system of Natural Deduction of Propositional Logic. One of its most
interesting features was the handling of a library of lemmas that could be reused
by instantiating them within other proofs. As pointed out in the paper, the nat-
ural continuation of that work was to extend the system to First-Order Logic,
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which is a standard formal language for Mathematics. However, to correspond-
ingly extend the capacity of instantiating lemmas was far from trivial, a fact
which is reflected in the abscence of such feature in existent proof assistants for
the mentioned language.

In this paper we present a solution to this problem, embodied in Andy 1 1
2 , the

successor to Andy 0. It keeps the general outlook of the latter, being based on a
graphical interface that displays formal proofs as trees, allowing for any number
of draft proofs that can be dragged and dropped into others, and admitting
combined strategies of proof development. Its main advance is the ability to work
at the level of schematic formulas, i.e. ones that are actual patterns containing
meta-variables that stand for arbitrary formulas and terms. It is a fact that the
actual practice of First-Order Logic is carried out at this level, as witnessed by
any textbook on the matter. It is also this feature that allows to properly handle
reusable general lemmas. To our knowledge, Andy 1 1

2 is the first proof assistant
to allow for this level of abstraction in the formal language. Its name derives from
the fact that it is actually an assistant for (an adaptation of) One-and-a-Halfth
Logic, as presented in [2].

The structure of this paper is the following: In section 2 we extend ourselves
on the relevance of learning proof and formal proof, which justifies our interest
in the related technology. We also try to present the relevant features of First-
Order Logic Natural Deduction in a manner accesible to the general reader.
In section 3 we describe the features that are in our opinion to be required of
a didactic proof assistant. In particular, we try to give a detailed account of
the technical problem involved in handling schematic formulas and proofs in
the context of First-Order Logic. Having given the preceding motivation, we
describe in section 4 the design of Andy 1 1

2 , focusing on its most prominent
feature as explained above. Finally, the last section comments on the use that
we have been able to make of the assistant, as well as on forthcoming work. In
comparison to [1], the present paper is more detailed in motivations and of course
on the technical aspects concerning the novel extension to schematic First-Order
Logic. We enumerate the features common to the predecessor tool Andy 0, giving
only summarized descriptions.

2 Learning (Formal) Proof

Proof is the activity of arriving at knowledge deductively, i.e. starting off from
self-evident, postulated or simply supposed principles and performing succes-
sive inferences, each of which extracts a conclusion out of previously arrived at
premises. It constitutes the identifying feature of Mathematics, but is of course
also of central importance in other disciplines, like Philosophy and Science gen-
erally. Students of all these branches of knowledge surely will benefit from en-
deavours directed to ease their path towards an increased understanding and
mastery of the practice of proof. This should include students not only at col-
lege or university level, but also those in high school.

Formal Logic, on the other hand, is the theory of the activity of proving.
As such it has, since the very beginning, striven to put forward the rules that
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govern such activity, i.e. the rules of correct reasoning. In its contemporary
mathematical variety, it has formulated several artificial languages into which to
formulate the (deductive) practice of Mathematics. According to such scientific
programme, there should be a language for expressing every conceivable mathe-
matical proposition and also a language (or, as it has been called, proof system)
for expressing proofs —of the true propositions.

It was Frege who first formulated such a device, in 1879 [3]. His intent was to
complete the work of the foundational movement that had taken over Mathe-
matics since the early XIX century. This movement was firstly directed towards
providing a firm basis to the differential and integral calculus. Frege, in turn,
intended to reach the most fundamental level by axiomatizing the very concept
of proof. It is worhtwhile to spend some effort trying to understand the implica-
tions of such endeavour, for they are remarkable. Systems of axioms were already
a established practice in Mathematics, e.g. in Geometry, and their accomplish-
ment was to make explicit the starting points of the deductive activity. But of
course each proof had still to be understood, individually. That is to say, the
logic validating such proof was left implicit, as something that any mathemati-
cian (any human being with adequate training) would certainly possess. Now
what Frege was pursuing was a manner of making such logic explicit. Hence,
and this is the important consequence, no logic ought to be necessary to vali-
date a proof as arranged in his system. That is to say, validation or rejection of
purported proofs would be immediate by just reading them, i.e. what we now
call a purely formal procedure. Frege could not put it in these terms, but his
ideal amounted to providing a language for Mathematics whose correct use could
be checked by an automaton. Moreover, such a system ought also to ensure that
syntactic validity entailed logical validity, for a correctly written proof should be
also logically correct. Hence such a language could be characterized in current
computational jargon as one satisfying the lemma if it compiles, it works1.

Formal proof systems are of course of prime importance to logicians, be they
of the mathematical or the philosophical extraction. However, these scholars
take towards them a stand that is generally external or “from above”, i.e. they
are mainly interested in the properties of the formal machinery as a whole,
not in its actual use. They need only a basic dexterity and certainly not an
efficient method for their exploitation. Now, on the other hand, it is a readily
perceived fact that the use of formal proof in reasoning about the correctness of
computer programs brings about the possibility of having verifying compilers,
i.e. of programming systems in which syntactic correctness entails functional or
behavioural correctness, and that thus realize for software the seemingly utopic
motto if it compiles, it works. Several such systems have already been developed
and constitute a toolkit for practitioners of the branch of Software Engineering
called Formal Methods. The approach certainly requires to develop not just
executable code, but also mathematical code, i.e. formally verifiable evidence of

1 Unfortunately, Frege’s system did not satisfy this property, as its logical principles
were actually defective. But of course many other sound proof systems have been
devised since then.
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the correctness of the former. The cost of development is thus increased, but
there is still certainly a pay off in many important cases, mainly as the cost of
failure approaches infinity.

Thus Computing Science and Software Engineering do already provide an
increasingly ample field of demand for adequate systems of formal proof together
with appropriate technology for their efficient use. A useful tool for composing
formal proofs should of course verify their correctness, but also offer appropriate
assistance in their construction. It could be asked whether such assistance could
get as far as to just the fully automatic proof of the desired theorems, but this
is generally impossible already for the most basic branches of Mathematics that
bear some interest. And, moreover, it is arguable not desirable in many cases,
for proving is but understanding and therefore essential to the activity of the
practitioner, be her a mathematician, a scientist or an engineer. Nevertheless,
certainly not all proofs are equally interesting and one would expect effective
technology to efficiently take care of the more clerical obligations, among other
services. All this has then given rise to the interesting research field of proof
assistants within Computing Science.

Now, a further interesting side of formal proof systems to which we would
like to call attention is their potential to contribute to the understanding and
mastery of proof, generally. As said in the beginning this could be of interest to a
large audience of students, from high school to college, spanning a diverse range
of disciplines. Certainly included among the latter is software construction, since
it is a fact that understanding of program code and therefore certainty about its
behavior amounts to nothing less than proof. Particularly useful in connection
to this educational aspect of formal proof systems is the Calculus of Natural
Deduction [4], devised with the aim of closely mimicking common practice in
informal, natural proof. We proceed now to give a summary description of its
most important features.

First, we shall take First-Order Logic as the formal language for expressing
propositions. This is just standard, in the sense that any mathematician, when
urged about the ultimate foundations of her activity may, and generally will,
safely lean on Set Theory and its formalisation (encoding) in First-Order Logic.
It is also quite natural, as its symbolism has permeated normal mathematical
practice. For instance, (∀x)P (x) means “all individuals satisfy the property P”
and α → β means “the proposition α entails (implies) the proposition β”. It is
the fact that ∀ can only refer to the universe of individuals, and not to collections
of propositions or properties, that is responsible for the “First-Order” part of
the name of this language. ∀ is the universal quantifier, whereas → is a connec-
tive (specifically, the implication). Quantifiers and connectives are collectively
named the logical constants. The letters P,Q, . . . used to represent properties
form a vocabulary for a particular application, together with symbols for specific
individuals and functions defined over the latter. The expressions representing
propositions are the formulas, whereas those representing individuals are the
terms of the language.
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Now, as to the language or system of proofs, the system of Natural Deduction
presents as characteristic feature the existence of rules that allow the use of
temporary additional assumptions. For instance, to prove a formula that states
an implication α → β it is possible to use a rule that allows to assume α in order
to prove β from it, just as in common practice. Specifically, this rule states that
if one possesses a proof of β which depends on the assumption of α, then one can
infer that α → β, thereby obtaining a proof which does not anymore depend on
the aforementioned assumption. This assumption is said to be discharged, i.e.
dispensed with in the newly formed proof.

Further, the rules of inference are organized around the logical constants and
are of one of two classes in each case, i.e. a rule is either:

– An introduction rule stating how a formula having the logical constant in
question as principal operator can be derived in a direct, canonical manner,
or

– An elimination rule, stating how such a formula can be employed to derive
further consequences from it.

For example, the rule described just above is the introduction rule for the im-
plication →. The elimination rule for this connective is:

α → β α

β

which states that from α → β one can infer β provided α is also proven. An-
other interesting rule is that of introduction of ∀: To conclude (∀x)α, where the
formula α will in general depend on the variable x, it is enough to prove just α,
provided that no assumption used in this latter proof depends on x. The proviso
ensures that x represents an indeed arbitrary individual, i.e. one about which no
particular property has been assumed. The elimination rule for ∀ makes use of
the (meta-)operation of substitution:

∀xα∀e
α[x := t]

Here ∀e is just the name of the rule, included for later reference. The conclusion
of the rule says that the (universally) quantified variable can be just instantiated
at any term (representing some individual). This is of course evidently correct,
since we have just proven that the proposition α holds for any such individual.
The instantiation is realized by the operation of substitution. The intent here is
that this operation is defined outside the proof system and performed “silently”.
That is to say, it is assumed that the user knows how to perform it (because
the explanation is given at some place during the setting up of the language of
formulas) and, therefore, she just needs to execute it for applying this inference
rule.

Rules have in general several premises and always one conclusion and therefore
the formal proofs (technically called derivations) are naturally arranged as trees.
It is natural to read inference as proceeding from the premises above to the
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conclusion below, and therefore the trees are written with the root, which is
the conclusion of the theorem, at the bottom, and the initial assumptions at
the leaves on the top. Generally, the derivations prove judgements of the form
α1, . . . , αn 
 α where the formulas to the left of 
 are the assumptions (or
hypotheses) of the theorem and α its conclusion (thesis). The use of the rules
inside a tree follows a quite characteristic pattern: Reading the tree from the top,
one first applies elimination rules to obtain information from the given premises
in a phase that could be called of analysis. At some level during the derivation one
starts a synthesis forming new conclusions from the data obtained, by employing
the introduction rules. The full system is well explained in [5].

So Natural Deduction actually consists in an orderly arrangement of rules
of inference, where the organizing concept is the collection of logical constants.
Indeed, with basis on the understanding of the meaning of each logical constant
one can easily reconstruct the logical system of rules. That is to say that there
is really no need of going through a painful recollection of an at first sight long
list of inference rules when using the system. It is rather more convenient to
think about the meaning of the formula at hand, and specifically about that
of its principal logical constant. Further, the general structure of the proofs as
explained earlier reflects the existence of a well founded strategy for selecting
introduction or elimination rules at each step: At first, one goes backwards from
conclusion to new conclusions-to-be-proven, generally by selecting appropriate
introduction rules. This is carried out until no further rules of this kind can be
applied or they would lead to conclusions which are not sensible to try. At such
point one starts combining the available hypotheses in a forward manner, i.e.
going from known premises to further inferred conclusions, trying to obtain the
pending results. This is done by applying elimination rules. Hence the tree is
generally constructed first from the root and upwards, until some point which
roughly corresponds to the completion of the synthetic part of the proof as
depicted above in the description of the general strcture of derivations. Then one
proceeds from the assumptions and downwards, constructing the analytic part of
the proof. Such order of proceeding looks somehow opposite to the one suggested
by the analytic-synthetic structure of the proofs that has been mentioned earlier.
But then one must keep in mind that the way a proof is presented or read is
generally different from the way it is conceived. And also that the strategy just
explained is not claimed to be the only one appropriate to employ but just a
generally useful one, especially to start finding one’s way about carrying out this
kind of constructions.

We believe that all these features bear a favourable effect not only as to the
mastery of the formal system, but also as to the understanding of mathematical
propositions generally, especially as to what concerns the comprehension and
development of their proofs.

3 Technology for Learning Formal Proof

What a student should learn about the use of Natural Deduction is not just to
be able to come out with syntactically well formed derivations, but also to endow
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each of the rules with meaning, which is to say that they carry out the proofs
according to a well determined intent. Teaching, i.e. helping to learn, such mas-
tery, conveniently begins with a detailed explanation of the system of rules, since
it is important that the student gets to see the entire structure of the system,
identifying the organizing principle. But it must quickly follow on promoting
extensive practice. Such practice has to be, to the greatest possible extent, au-
tonomous, because the students should not depend on the teacher’s judgement
for achieving certainty about the correctness of their constructions. Needless to
say, this kind of practice is greatly favoured by the use of a computerized tool,
which has given rise to the investigation of didactic proof assistants.

Clearly, the requirements on didactic proof assistants are different from those
on those destined to professional use. Generally, it could be said that a student
ought to be plainly in command of the proof process and only get help at those
points where it does not stand in the place of understanding. More specifically,
a number of tasks that are a nuisance for a professional constitute significant
learning items for a student. A didactic assistant should first of all provide mo-
tivation. In this respect, a good deal is already achieved by the mere possibility
of having the derivations constructed and checked. But there are also a number
of other desired features that rapidly turn out to be necessary: The assistant
should significantly improve over the paper-and-pencil experience, which means
that it should allow:

1. Draft derivations to be initiated, discarded and connected at any moment.
2. Alternating backwards and forward derivation at will.
3. To manipulate the formalism at the right abstraction level.
4. Proof reuse, i.e. storage and instantiation of lemmas.

A detailed explanation of all these points has been given by the authors in
[1]. However, the third point needs now some expansion, since the work cited
reports on an assistant for the much simpler system of Natural Deduction for
Propositional Logic. The point is that the right level of abstraction in using
First-Order Logic is that of schematic formulas and theorems. The idea can
be easily explained by the following claim: The theorems that one proves when
teaching and learning First-Order Logic are not of the form ∀x(P (x) ∧Q(x)) 

∀xP (x)∧∀xQ(x), but of the form ∀x(α∧β) 
 ∀xα∧∀xβ, i.e. they are formulated
schematically (that is to say, generically) on formulas (and terms). This is due to
the simple fact that the interesting results in First-Order Logic are independent
of the particular predicate or function symbols employed, i.e. independent of any
specific vocabulary. So one is naturally led to reason generically on formulas and
terms, i.e. to work at the schematic level. It is important to remark that this
is the normal practice, as witnessed by direct experience or by the contents of
textbooks.

Moreover, we want the schematic theorems to be used directly in inference
steps in other proofs. Specifically, each schematic theorem stands for an infinite
family of theorems (its instances). We naturally wish to justify any of these by
direct appeal to a schematic theorem of which it is an instance. This is equivalent
to saying that (schematic) theorems can be used as rules of inference.
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These latter considerations bring about a considerable technical problem,
whose solution is explained below and turns our tool into a significant inno-
vation in the field of assistants for First-Order Logic. The point is that the
logical language is being modified, as can be inferred after consideration of the
following examples (∨ is the symbol for disjunction):

∀x(α ∨ β) 
 α ∨ ∀xβ (α not depending on x)

∀x(α → β), α[x := t] 
 β[x := t].

The two preceding judgements are actual theorems that we wish to be able to
derive using the assistant. They present:

1. Meta-variables (α and β ranging on formulas, t ranging on terms).
2. Side-conditions (restricting dependence on variables of certain formulas, that

generally are or contain meta-variables).
3. Explicit substitution (since meta-variables are symbols standing for yet un-

known formulas the substitution can no longer just silently operate on for-
mulas or terms).

Already these observations lead to the necessity of formulating another language
and proof system. In addition, a rule of equality of formulæ has to be available
for explicit use, as in:

∀xα∀e
α[x := x]

eq
α.

Notice that one cannot skip the intermediate judgement α[x := x] because the
substitution cannot be “silently” performed at the meta-level. Therefore the last
step is necessary, in which the rule eq is applied. This allows to infer a formula
from another if it can be checked that they are in fact equal modulo a theory
that embodies the properties of the substitution together with the interchange
of bound names. This rule is mostly left implicit in ordinary practice, i.e. it is
used “silently”, performing the necessary conversions “on the fly”. But to do
this correctly requires mastery of the properties of the language, so we think it
advantageous that the rule has to emerge explicit in the new formal system.

The problem of formulating this new logic has been solved in [2] where One-
and-a-Halfth Order Logic is introduced. It is precisely the logic of the schematic
theorems of First-Order Logic as described above. One-and-a-Halfth Order Logic
is founded in turn upon the syntax of Nominal Terms [6] which is a framework for
languages with binding operators (e.g. the logical quantifiers) that incorporates
meta-variables with explicit substitutions.

From a strictly technical point of view, the problem of handling schematic
theorems could have been solved by stepping up to Second-Order Logic, for then
a meta-variable ranging over formulæ can be represented as an object variable
ranging over propositional functions. But this approach conducts to modifying
the logic itself, i.e. we would be teaching Second-Order instead of First-Order
Logic. We would rather stay at First-Order Logic or, as we should say, at the
normal practice with First-Order Logic, which is actually the intermediate One-
and-a-Halfth level.
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4 The Design.

The design of Andy 1 1
2 rests upon the preceding considerations. Most of its

features are similar to those of its ancestor Andy 0 and so we just summarize
them here, giving also a comment about their presence in other proof assistants.
We give some more detail on the new significant feature, which is the ability to
deal with schematic First-Order logic.

1. Tree-like display of derivations. This is preferred because it is the notation
that corresponds to writing rules of inference in the most natural way, i.e.
with the premises on top of a bar which represents the act of inference of the
conclusion appearing below. It is rather uncommon in elsewhere available
systems.

2. Main proof and draft proofs. There exists a main proof together with draft
subsidiary proofs which can be as many as desired. Draft proofs can be
adjoined to the main proof by doing just drag-and-drop. Not known to be
present in other proof assistants.

3. Backwards and forward reasoning. These have already been explained and
can be alternated without restriction. They are pretty common in other proof
assistants.

4. Library of Lemmas. This has also already been explained. Lemmas are gen-
erally schematic theorems and proper instantiation is carried out by the as-
sistant, resting on the algorithms to be described below for the manipulation
of the schematic formulas. This feature is rare in other assistants. At most
they allow recovering lemmas but instantiation has to be done manually.

As already said, the main contribution of the present work consists in al-
lowing to construct and check schematic derivations. For accomplishing this we
have based ourselves on the already mentioned One-and-a-Halfth Order Logic.
The formal system in [2] is a so-called Sequent Calculus, rather than a Natural
Deduction system. We therefore have given it the latter formulation, proving it
equivalent to the original one. As a consequence of this result, the logical sound-
ness proven in [2] for the original system is inherited by ours. We also proved
two basic properties of our system, which altogether justify the use of lemmas
as inference rules. These are a so-called Generalized Cut and an Instantiation
result that proves inference closed under substitution of formulas and terms for
corresponding meta-variables.

Checking validity of rule application requires to check:

1. Side-conditions concerning the non-dependence of formulas on variables.
2. Equality of formulas, under laws that characterize (explicit) substitution and

renaming of bound variables.

These checks are decidable and therefore performed by the assistant. Now, on
didactic considerations, we have chosen not to do so silently, i.e. to force the stu-
dent to explicitly command the assistant to perform the checks. In that way, she
is permanently in command of the proof process. The corresponding algorithms
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pertain to a module dealing with nominal abstract syntax which, as already
mentioned, is the framework within which the present language is formulated.

Further, in order to implement the instantiation of lemmas it is necessary
to match a schematic formula (the one to be proven) against another one (the
conclusion of the chosen lemma, officiating as a pattern). Matching requires
defining a criterion of identity of formulas, which within this language can be
formulated in the following three manners:

1. Up to the laws of explicit substitution and renaming of bound variables.
2. Up to renaming of bound variables only.
3. Just as plain syntactic identity.

Our choice is for the latter, again based on didactic considerations: We want
the student to explicitly indicate the need of renaming bound variables or using
a susbtitution law. If the matching employed by the assistant were more pow-
erful we would be saving the student from applications of the eq rule, already
commented on. This is an example of an arguably clerical task, certainly un-
interesting in professional practice, that bears some significance in educational
terms. It is also worthwhile to mention that matching algorithms for the most
powerful notion of formula equality above (number 1) are yet not known.

5 Conclusions

Andy 1 1
2 is then, to our knowledge, the first proof assistant to allow handling

of schematic First-Order Logic, particularly within the calculus of Natural De-
duction. It is also quite novel in offering the possibility of developing a library
of reusable, instantiable lemmas, and maintains from its predecessor Andy 0, a
graphical interface with proofs as trees, and several draft proofs that can be
dragged and dropped into one another.

Currently it is being tested in seminars with advanced students. This experi-
ence is being used to adjust a number of details concerning especially the graph-
ical interface. The system will be fully operating next semester in the course
on Logic pertaining to the Software Engineering programme of our university.
This is a standard course comprising Propositional and First-Order Logic. As re-
ported in [1] the experience with Andy 0 is quite satisfactory as can be concluded
from several interviews with the students involved. In particular, they were coin-
cident in highlighting the motivating potential of the assistant, as it makes proof
development and experimentation much more comfortable. We expect therefore
a still better outcome from the experience with Andy 1 1

2 , especially since it can
be used in both parts of the course. Practice with actual formal proof takes two
weeks within the 16 weeks of the entire course, but the students go back to it
at the time of preparing the final tests. Our main concern is the permanent risk
that the tool becomes the theory, in the sense that they take logical validity to be
“Andy” validity. This is another manifestation of the purely formalistic attitude
of composing proofs by just fitting trees into one another and missing the sense
of the rules. We are also in the search for methodologies for properly assessing
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the effect of this practice on the general understanding and handling of proofs
by the students. Finally, we are currecntly planning to introduce programming
practice into the course, posing the students problems of manipulation of formu-
las and proofs. It will be interesting to study the effect of this activity in their
understanding of proof in the widest sense.
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1. Pais, J., Tasistro, Á.: Proof Assistant Based on Didactic Considerations. Journal of
Universal Computer Science 19(11), 1570–1596 (2013)

2. Gabbay, M.J., Mathijssen, A.: One-and-a-Halfth-Order Logic. Journal of Logic and
Computation 18, 521–562 (2008)

3. Frege, G.: Beggriffsschrift, eine der aritmetischen nachgebildete Formelsprache des
reinen Denkens. Louis Nebert, Halle A.S. (1879); Translated as Bauer-Mengelberg
S.: Concept Script: A formal language of pure thought modeled upon that of Arith-
metic. In: van Heijenoort, J. (eds.) From Frege to Gödel: A Source Book in Mathe-
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Abstract. This paper reviews the theory of constructionism from its evolvement 
in 1980s towards its more recent implementations. By reviewing recent research 
conducted under the framework of constructionism, we set off in understanding 
its key ideas and their evolution over time. At the same time this paper ac-
knowledges obstacles, challenges and critiques towards implementing construc-
tionism in the teaching and learning practice. The paper is organized  
around three sections: constructionism, distributed constructionism and social 
constructionism. The findings of this study reveal the dynamic progression of 
constructionism and its potential to be used as a pervasive theoretical frame-
work for instructional technology in various settings.  

Keywords: theory of learning, Papert, Logo, microworlds construction, artifact, 
object-to-think-with, social technologies. 

1 Introduction  

Whilst educators, practitioners and researchers express high interest in making availa-
ble technological tools that enable their students to learn through experimentation 
rather than lecturing, designing and implementing such tools under the appropriate 
framework is hardly realized [27]. Resnick [27] provides three threads of thought, 
which need to be taken into consideration whilst designing such tools: firstly, learn-
ers’ experiences, needs and expectations; secondly understanding of domain know-
ledge and finally, understanding of computational ideas and paradigms. On the same 
line, Ruschoff and Ritter [29] raise the need of “a radical change in our approaches  
to teaching and learning in order to best prepare future generations for living  
and working in tomorrow’s world”. From this perspective, constructionism can offer 
“the guiding principles for curriculum design, materials development, and classroom 
practice” [29].  

The term constructionism originates from Papert [16-20] and captures the concept 
of construction of knowledge by engaging in the making of concrete and public arti-
facts. Papert’s theory can be summarized in his vision of a new educational environ-
ment in which learners build meaningful knowledge artifacts by taking advantage of 
the ubiquity of new technologies around them. This study reviews the theoretical 



 The Evolvement of Constructionism: An Overview of the Literature 453 

 

framework of constructionism from its infancy towards its more recent applications 
and provides support for its privileged status for supporting the use of technological 
tools in learning.   

2 Constructionism 

2.1 Constructivism and Constructionism 

Constructionism [16-20] builds and expands the Piagetian theory of constructivism 
[24]. For both constructivism and constructionism, knowledge is built by the learner; 
instead of being presented and imposed to students by an expert, such as the teacher. 
As an alternative, they maintain that teachers should enhance students’ active learn-
ing. Constructionism adds to the constructivist perspective the idea of artifact con-
struction. Where constructivists view the learner as an active builder of knowledge, 
constructionism places a critical emphasis on having learners engage in artifacts con-
structions that are external and shared. In contrast to Piaget who focuses on cognitive 
processes of learning, Papert’s constructionism focuses on learning through making 
and emphasizes on individual learners’ interactions with their artifacts that are mostly 
built through the assistance of digital media and computer based technologies:  

Constructionism--the N word as opposed to the V word--shares constructivism's con-
notation of learning as ‘building knowledge structures’ irrespective of the circums-
tances of the learning. It then adds the idea that this happens especially felicitously in 
a context where the learner is consciously engaged in constructing a public entity, 
whether it's a sand castle on the beach or a theory of the universe [20].  

Constructionists argue that learners’ engagement with external artifact construction 
involves a creative and re-creative activity that represents a developmental cycle. 
Papert has seen the critical role of the cultural surrounding whilst building internal 
cognitive structures pointing out that surrounding cultures can inform and facilitate 
constructive Piagetian learning [16]. Papert views the difficulty in understanding cer-
tain concepts in the deficiency of education in materials that would make an idea or 
concept simple and concrete:  

All builders need materials to build with. Where I am at variance with Piaget is in 
the role I attribute to the surrounding cultures as a source of these materials. In 
some cases the culture supplies them in abundance, thus facilitating constructive 
Piagetian learning. For example, the fact that so many important things (knives 
and forks, mothers and fathers, shoes and socks) come in pairs is a "material" for 
the construction of an intuitive sense of number. But in many cases where Piaget 
would explain the slower development of a particular concept by its greater com-
plexity or formality, I see the critical factor as the relative poverty of the culture in 
those materials that would make the concept simple and concrete. In yet other cas-
es the culture may provide materials but block their use [16]. 

Wilensky [33] took this point further providing a new perspective into our under-
standing of concrete elucidating that “concreteness is not a property of an object but 
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rather a property of a person's relationship to an object. Concepts that were hopeless-
ly abstract at one time can become concrete for us if we get into the "right  
relationship" with them” [33]. In light of this perspective, any idea, concept or piece 
of knowledge can become concrete provided that a person develops a set of represen-
tations, interactions and connections with the idea, concept or piece of knowledge 
[33]. The constructionist paradigm offers a fertile ground for promoting concreteness 
since “when we construct objects in the world, we come into engaged relationship 
with them and the knowledge needed for their construction. It is especially likely then 
that we will make this knowledge concrete” [33]. Wilenksy [33] also emphasizes the 
importance of social relations between people since “it is through people's own idio-
syncratically personal ways of connecting to other people that meaningful relation-
ships are established” [33].  

2.2 Constructionist Concepts   

Constructionism is underpinned by three key ideas [12]: appropriation, knowledge 
construction and learning cultures. Appropriation emphasizes the importance of hav-
ing learners seize new knowledge and begin to identify with it [12]. Knowledge con-
struction is closely connected to learning through constructing one’s own knowledge 
whilst engaging in creating meaningful artifacts. Finally, constructionism also values 
the importance of learning culture. A popular example of a learning community is the 
samba school, an informal social setting in which people come together for something 
that involves “social cohesion, a sense of belonging to a group, and a sense of com-
mon purpose” [16]. In a setting such as a school of samba, constructionists focus on 
how the social context fortifies the building of connections to what is being learned. 
Papert [16] has seen the critical role of the cultural surrounding whilst building inter-
nal cognitive structures pointing out that surrounding cultures can inform and facili-
tate constructive Piagetian learning.  

2.3 Potentials and Challenges of Artifact Construction  

Digital media and computer based technologies provide a rich teaching instrument, in 
Papert’s words an “object-to-think-with” that can be shared in the world, probed and 
admired [18]. Constructionism is closely connected with the Logo programming lan-
guage which is seen by researchers as “a testing bed for engaging students in prob-
lems solving and learning to learn” [12]. Logo is a programming language developed 
at the Massachusetts Institute of Technology in the late 1960s. Logo is renowned for 
its turtle graphics which provide an “object-to-think-with” [16]. In its early years, the 
most popular use of Logo involved a “floor turtle” (robot) and with the burst of per-
sonal computers in the late 1970s the Logo turtle shifted to its screen version. Both 
the floor (robot) and screen turtle were controlled through a computer keyboard. The 
initial commands that were used with Logo to make the turtle move were: forward, 
back, left, right, pen up, pen down. These commands made the turtle move and draw 
whatever the user wanted.  
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For constructionists Logo provides a vehicle and a language for thinking about 
thinking, an activity that promotes the development of higher levels of thinking and 
problem-solving performance [1, 3]. Moreover, learners’ engagement with the use of 
computer “offers children the opportunity to become more like adults, indeed like 
professionals, in their relationship to their intellectual products and themselves” [16]. 
Advocates of Logo claim that Logo is a developer of creativity, divergent thinking, 
metacognitive ability, ability to describe direction well [4, 6-7] and an enhancement 
of students’ mathematical understanding [9, 5]. Moreover, research also indicated that 
Logo can enhance the development of social and emotional development [10, 13] and 
promote spontaneous social interaction [11].  

On the other hand, Logo has received criticism mainly because what it provokes 
outstrips its actual performance. A growing body of research at the Education’s Cen-
tre for Children and Technology (CCT) at the Bank Street College failed to identify 
Logo effects. Pea [22] conducted a longitudinal pre-post study with children who 
worked with Logo language over a school year. The results showed no cognitive ben-
efits for the children who worked with Logo language. Moreover, two other quantita-
tive studies conducted at the CCT showed that the knowledge acquired within Logo 
has limited or no potential in transferring easily to any other kind of learning [14, 23]. 
As an attempt to elucidate these negative results, CCT researchers explored what 
happens whilst students explore Logo [15]. The study showed that programming ex-
perience (as opposed to expertise) does not transfer to other domains which share 
analogous formal properties. Finally, advocates against Logo also demonstrate that 
Logo is a limited instructional tool that inhibits other kinds of thinking [2, 8].  

Papert entails this criticism as a “poor way to talk about Logo” [17] grounding his 
argument on his view of technocentrism from Piaget's use of the word egocentrism:  

Egocentrism for Piaget does not, of course, mean "selfishness"--it means that the 
child has difficulty understanding anything independently of the self. Technocen-
trism refers to the tendency to give a similar centrality to a technical object-for ex-
ample computers or Logo [17].  

Papert [17] points that this technocentric thinking which emphasizes the centrality 
of the computer as agent that acts directly on thinking and learning, underestimates 
other significant elements of the learning practice, people and culture:  

Does wood produce good houses? If I built a house out of wood and it fell down, 
would this show that wood does not produce good houses? Do hammers and saws 
produce good furniture? These betray themselves as technocentric questions by ignor-
ing people and the elements only people can introduce: skill, design, aesthetics [17].   

For Papert this tendency has led to questions like "What is THE effect of THE com-
puter on cognitive development?" which position computer or Logo as the most impor-
tant component of educational situations whereas people and cultures gain a facilitating 
role. For Papert, human development is situated within its culture and people:  

In the presence of computers, cultures might change and with them people's ways 
of learning and thinking. But if you want to understand (or influence) the change, 
you have to center your attention on the culture-- not on the computer [17]. 
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2.4 Other Construction Environments  

In the years that followed, several new versions of Logo were developed, amongst 
which MultiLogo, StarLogo, StarLogo 2.0 and the most common commercial version 
of Logo called Microworlds Logo developed by Logo Computer Systems Inc. Multi-
Logo is a parallel version of Logo, supporting simultaneous creation and execution of 
multiple processes with a new programming construct: the “agent” [28]. Each agent 
can control a computational process, thus by using multiple agents the user can con-
trol multiple process at the same time. A new version of Logo, called StarLogo, ex-
tends the Logo programming language, used by students to model the behavior of 
decentralized systems [27]. StarLogo extends Logo in three ways: first it has thou-
sands of turtles who can move at the same time, in parallel; secondly, StarLogo turtles 
expand the senses of the Logo turtle that could only dray geometrical shapes and 
thirdly, concretize the turtles’ world.   

Few decades later, Resnick [26] discusses an advanced construction environment 
developed at the MIT Media Lab known as LEGO/Logo. LEGO/Logo links the 
LEGO construction kit with the Logo programming language. Whilst using 
LEGO/Logo children start by making machines out of Lego pieces, with additional 
pieces such as gears, motors and sensors. Then children can connect their machine on 
a computer and through a modified version of Logo to control their machine.  

Another construction kit developed at the MIT Media Lab is known as Programm-
able Brick. Programmable Brick is a large LEGO brick, specially designed for inte-
racting with the world. The Brick can control four motors of light at a time and it can 
receive inputs from eight sensors [26, 30]. To work and play with the Programmable 
Brick, children need to write programs on their personal computer and then connect 
the Programmable Brick with their computer through a cable. Then children can dis-
connect the cable and take the Brick with them, having the program stored in the 
Brick.  

3 Distributed Constructionism  

The theoretical underpinning of distributed constructionism was introduced at the 
MIT Media Laboratory and draws on research on constructionism and distributed 
cognition [25]. Distributed constructionism focuses on situations in which learning 
occurs when a person is interacting with its surrounding environment for designing 
and sharing meaningful artifacts; thus distributed constructionism develops the con-
structionist theory towards the direction of distributed construction activities. Resnick 
[25] focuses on three main categories of activities: discussing constructions, sharing 
constructions, and collaborating on constructions. Table 1 demonstrates how comput-
er networks can be used in order to support the aforementioned distributed construc-
tion activities.  

Stemming from Resnick’s [25] concept of Distributed Constructionism, Zaphiris et 
al. [34] explored the implementation of Distributed Constructionism through a Parti-
cipatory Design methodology for an Online Learning Community. Throughout this 
study, the learners collaborated in developing the content of an online Modern Greek 
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language course, peer review and publish content contributions, and involve in parti-
cipatory design teams. In this study the Participatory Design was implemented as a 
four step process, namely: (a) build bridges with the intended users; (b) define user 
needs and recommendations to the system; (c) develop a prototype and (d) incorpo-
rate feedback and carry on the iteration. Additionally, Distributed Constructionism 
was employed to enhance the learning experience and community development. The 
findings revealed that Distributed Constructionism enhanced the learning experience 
of both the passive users and the Participatory Design team, whose contributions in-
cluded replying to other students’ language enquiries, helping out students to cope 
with technical problems and helping them explore resources to enhance their learning 
of the Greek language.  

Table 1. Distributed construction activities through computer networks [25] 

Category of Distributed 
Construction Activity 

Clarification Examples   

Discussing constructions  Students use computer networks for 
discussing, exchanging ideas for 
their construction 

Discussion 
through email, 
newsgroups, bulle-
tin boards  

 
Sharing constructions Students use computer networks for 

sharing/distributing constructions
(text, images, videos) amongst 
people in the community and make 
it part of shared knowledge  

Create page on the 
web that displays 
artifacts   

 
Collaborating on construc-
tions 

Students use computer networks to 
collaborate with fellow-students in 
real time for the design and devel-
opment of their construction  

Use of MUDs -
text-based virtual 
worlds where par-
ticipants can work 
together 

4 Social Constructionism  

Shaw [31] first launches the term social constructionism emphasizing the importance 
of the social setting whilst engaging in constructing external and shared outcomes and 
artifacts. Shaw [31] views social constructionism as a strong tie between Vygotskian 
sociocultural theory [32] and constructivist leaning processes informed by Piaget [24], 
since socially constructive activities may provide developmental activity of the indi-
vidual for constructing an artifact in a social setting. Shaw [31] in his study reports on 
MUSIC (Multi-User Sessions In Community), a community computer networking 
system that was designed for enduring constructionist social environments. MUSIC is 
a neighborhood based community that facilitates sharing of information and organiz-
ing programs run by neighborhood residents. The aim of this system is to encourage 
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members in an urban social setting to invest in their relationships in order to make use 
of each other’s services. MUSIC has been successful in organizing and managing 
neighborhood programs. In total the network facilitated the organization of eleven 
projects such as, a group trip to Jamaica, a poetry collection, a summer jobs program 
for neighborhood teenagers, crime watch information updates etc.  

Few decades later, the advent of the social web gave a new perspective to social 
constructionism as Shaw [31] firstly envisioned it. Parmaxi et al. [21] explored how 
the construction of an online artifact manifests in practice within social technologies, 
providing its core dimensions that were sorted out in three high-level categories: ex-
ploration of ideas, construction of artifact and evaluation of artifact. In this study, 
various types of social technologies were used, that is wikis, blogs, Facebook Google 
documents and Dropbox. Learners used the aforementioned technologies for working 
together and build artifacts throughout a process that included nine actions: orienta-
tion, brainstorming, material exploration, outlining, editing material, revising, peer 
reviewing, instructor reviewing and presenting/publishing. Overall, this study demon-
strated the potential of social technologies to act as social constructionist platforms 
that can enhance learners’ thinking and understanding of abstract ideas by relating 
them to their shared artifact.  

5 Discussion  

Figure 1 demonstrates the evolvement of constructionism towards distributed and 
social constructionism. Digital media offer a rich environment of materials that pro-
vide a vehicle for promoting the development of higher levels of thinking, problem 
solving skills, divergent thinking, metacognitive ability and social interaction.  

 

Fig. 1. The evolvement of constructionism  

Constructionism 

Emphasis on learning 
through artifact 
construction 

[16-20]

Distributed Constructionism

Emphasis on distributed 
construction activities

[25, 34] 

Social Constructionism 

Emphasis on social 
setting whilst engaging 
in artifact construction 

[21, 31]
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The dynamic progression of constructionism is prevalent not only by its continuous 
development but also from the various technological tools that evolve as social con-
structionist tools. A sound mathetic advice in constructionism is “Look for connec-
tions” which leads to the suggestion of establishing connections between abstract and 
concrete knowledge by engaging in the making of objects in the world [19]. Through 
improving the connectivity, we come into engaged relationship both with the artifact 
and with the knowledge needed for its construction.  

6 Conclusion  

This study reviewed the theoretical framework of constructionism from its infancy 
towards its more recent applications. After three decades of theoretical and applied 
research, constructionism is gaining ground as a comprehensive framework that could 
ground the use of technology in several settings.  

The dynamic progression of constructionism leans towards distributed and social 
constructionism. This study demonstrated that despite its challenges, constructionism 
can offer a number of approaches for placing learners as active designers and con-
structors of knowledge by confronting them with the building of an artifact.  
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Abstract. The aim of this study is to investigate the computer supported colla-
borative problem solving processes using the dual eye-tracking method. 18 uni-
versity students participated in this study, and 9 pairs tried to solve 10 geometry 
problems using Virtual Math Team (VMT) online environment. Which situa-
tions the participants' eye movements, and eye gazes overlap, and how usability 
of VMT environment affect the problem solving processes are tried to identify. 
After experiments with two eye-trackers, a questionnaire including System 
Usability Scale and open-ended questions was filled by participants.  Eye-
tracker data were analyzed both quantitatively using cross-recurrence analysis, 
and qualitatively using interaction analysis. Analysis of eye-tracker data and 
open-ended questions are consistent, and support to each other. Results show 
that pairs collaborating with higher level have more gazes overlapping, more 
shared understanding, and anticipatory gazes than pairs having with low level. 
Also, usability of the system and awareness tools affect the collaboration 
processes. 

Keywords: computer supported collaborative learning, collaborative problem 
solving, joint attention, gaze overlap, dual eye tracking. 

1 Introduction 

People around the world can communicate with each other with the developments of 
Information and Communication Technology (ICT). Particularly young people have 
shown great interest to ICT based communication tools like instant messaging, chat 
and social networking sites (Lenhart et al., 2007). This allows various peer groups to 
build knowledge together and further their understanding by engaging in collective 
discussions online. As a research paradigm that has attracted increasing interest 
within Instructional Technology, Computer-Supported Collaborative Learning 
(CSCL) specifically focuses on how ICT technologies can be designed and used to 
better support collective meaning-making practices of learners (Stahl, Koschmann & 
Suthers, 2006).  
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The design of effective awareness mechanisms is a fundamental usability concern 
in CSCL research since such features enable learners to monitor and coordinate each 
other’s’ actions as they gradually achieve a sense of joint attention, which is consi-
dered as a prerequisite for productive collaboration (Barron, 2003). Achievement of 
joint attention is particularly challenging when learners are engaged with multiple 
interaction spaces where they can exchange not only text messages but also shared 
drawings (Cakir, Zemel & Stahl, 2009). Most CSCL systems aim to help users moni-
tor each other’s actions by providing annotation features, color-coded text, referenc-
ing tools; system generated messages that display who is currently typing/drawing or 
present in the environment as well as visualizations that mirror the state of ongoing 
collaboration (Soller et al., 2003).  

The influence of such features on collaboration is often assessed via outcome 
measures or discourse analysis of interaction logs. Outcome measures are important 
for making an overall assessment of the effectiveness of collaboration, but they pro-
vide an indirect assessment of the influence of designed interactive features on the 
collaboration process (Dillenbourg et al., 1995). Discourse analysis of logs partly 
addresses this issue by focusing on the sequential organization of exchanged messag-
es/drawings, but it requires analysts to make inferences regarding how the message 
production process might have been influenced by interface features based on what is 
said or done. In particular, when there is no explicit response or uptake, it is ambi-
guous whether a message or a drawing action had actually succeeded in eliciting the 
attention of other members. Analysis of such cases are important as they may point to 
serious usability issues, and this kind of analysis requires further information regard-
ing where participants allocate their attention while they produce their own messages 
and monitor those of others.  

The aim of this study is to investigate joint eye gaze features for assessing the col-
laboration processes and evaluating Virtual Math Team (VMT), (Stahl, 2009; Stahl, 
Mantoan & Weimar, 2013), which is a CSCL environment designed to support colla-
borative math problem-solving activities online by providing a text-based chat tool 
together with a shared drawing area with GeoGebra based dynamic geometry fea-
tures, using dual eye-tracking paradigm. Dual eye-tracking is a promising technique 
to investigate the collaboration and interaction processes among two people. There 
are two eye-trackers recording the eye movements of two people working together.  

In this study, some important uses of dual eye-tracking method are presented such 
as the collaboration level between pairs, and difficulties that pairs face during colla-
borative problem solving processes. This kind of methods provides researchers with 
not only assessment of collaborative problem solving processes, but also guidance for 
usability studies to improve CSCL environments in terms of ease of use. Designing 
automated support for the assessment of collaborative learning is becoming an impor-
tant need given the recent interest towards collaborative learning pedagogy and sys-
tems that support such activities. PISA exam will, also, include questions evaluating 
collaboration skills (OECD, 2013). So there is an important need for designing useful 
and effective collaborative environments, and assessing them in order to support the 
collaborative learning pedagogy and systems. Some of the measures searched in this 
study can be improved to meet the need for large scale applications, evaluate them, 



464 S.D. Uzunosmanoğlu and M.P. Çakir 

 

and developing advanced awareness features to help learners to develop coordination 
skills necessary to work together as a team.   

Research questions are presented below; 

1. To what extent VMT’s features facilitate joint attention? When and where gaze 
overlaps occur? 

2. Is there a relationship between the amount of gaze overlap and success in joint 
problem solving and collaboration? 

3. How does the usability of VMT environment affect collaborative problem solving 
processes? 
The aim of this study is to identify in which situations participants' gaze patterns 
overlap, and how the percentage of this overlap correlate with the degree of atten-
tion paid to awareness features and with the overall success of the collaborative 
problem solving process. 

2 Method 

18 students (9 pairs) from the Middle East Technical University (METU) were re-
cruited for this study. While forming the pairs, some criteria were considered such as 
they know each other, and both of them are from the same department, and same edu-
cational level. The reason why these criteria were used is that, the more partners know 
their level of knowledge, the more interaction between pair increases, because this 
awareness provides partners with better understanding among them (Nüssli, 2011). In 
addition to this, according to Sangin (2009), since partners have awareness about their 
knowledge, they have better estimation about their actions. Because this study focuses 
on technological factors on joint work, these kinds of pairs are more appropriate to 
control the social factors. Each pair attempted 10 geometry problems on VMT envi-
ronment. During the experiments, the eye movements of the participants were record-
ed with two Tobii eye-trackers. In VMT environment, there are chat rooms which 
provide participants with communication via chat section. For this study, chat rooms 
were created for each pair. In these chat rooms, there are 3 tabs: Questions, GeoGe-
bra, and Results. Question tab includes 10 questions. GeoGebra tab consists of alge-
bra view providing participants with monitoring the coordinates of drawings, and 
construction area providing participants with drawing construction. In GeoGebra  
tab, only one participant can take control, and draw the construction. In result tab, 
participants were asked to write their results on whiteboard and proof after they solve 
the problems. Before the solving questions part, there were a training part lasting 
approximately 10 minutes which explains the VMT environment, GeoGebra tools 
used frequently while solving geometry problems, and gives an example.  

After the experiments, a questionnaire with System Usability Scale (SUS) (Brooke, 
1986) open-ended questions was filled to obtain participants' comments about the 
collaboration process and the online environment features, so mixed method research 
design is used for this study. 
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2.1 Data Analysis 

Eye-tracker data were analyzed both quantitatively and qualitatively. The cross-
recurrence analysis method (Richardson & Dale, 2005; Richardson et al., 2007) was 
used for the quantitative analysis of eye gaze data. Interaction analysis method was 
used to qualitatively examine the synchronized video recordings of sessions to ex-
plore interactional and design factors that facilitate joint attention. 

For the qualitative analysis eye-tracker data were used in order to measure the de-
gree of gaze overlap among collaborating pairs. Recording time stamps, local time 
stamps, coordination of gaze points and area of interests (AOI) of the eye movements 
were considered, and exported from Tobii Studio Software. This method is called 
cross-recurrence analysis, and was used in the studies of Richardson and Dale (2005) 
and Richardson et. al. (2007). A customize program written in Java was used for per-
forming this analysis. The screen was divided into AOI in Tobii Software Studio. 
Then Java program gets the raw data extracted from Tobii Studio, and gives a scarf 
plot which presents the information about which AOI partners’ look, when their eye 
gazes overlapped. After generating scarf plots for each pair, Java program produces 
gaze overlap distribution plot for each question of both partners with the time lag 
between -4000 and 4000 msec. It is formed using the total gaze overlap duration 
among the participants, when one participant’s gaze sequence is shifted x msec where 
x ranges between -4000 and 4000 msec, and is incremented in 100 msec. Then, these 
values are converted into percentage values in accordance with the segment’s length. 
The recurrence plot also represents the recurrence percentage distribution when the 
gaze sequences are randomly shuffled in order to provide a baseline for comparing 
against the random recurrence.  

Finally, a separate and single recurrence graphs are produced for each pair contain-
ing whole session shown in recurrence analysis results part. Point 0 indicates the  
recurrence percentage of the pairs for exactly synchronous gaze, -200 indicates the 
recurrence percentage in which second participant gazes with a 200 msec delay with 
respect to first participant, and vice versa. The blue part represents the same info with 
a shuffled gaze data used as a baseline. The vertical lines are the standard error bars 
indicating the amount of deviation in the data for the corresponding time.  

3 Results 

3.1 Recurrence Analysis Results 

The recurrence graphs for Pair-8 which has the best quality collaboration and for Pair-
4 which has the lowest level of collaboration are presented. Each data point represents 
the overlap in specified time lag value while calculating the recurrence percentage. 
For example; there is no lag in 0 point, so both participants look at the same AOI. 
Then one participant's gaze data is shifted 100 msec, and gaze overlap is calculated 
again in order to identify the overlapping of one participant's gaze at the same area as 
the other participant with a 100 msec delay. Then duration is divided by segment 
length, and recorded -100 msec data point. Finally, for each pair, overall curve calcu-
lated using mean values of each question for 80 data points between -4000 msec and 
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+4000 msec. The reason why time lag value is stated between -4 and +4 seconds is 
that listeners’ tend to look at the same location where speakers looked at a delay of 2 
seconds (Richardson & Dale, 2005). In this study, communication was performed via 
a chat tool, so we extend the time interval to +4 and -4 seconds in order to explore 
gaze overlapping for the chat case. Graphs shown below are formed.  

The graphs can be interpreted as: 

• If the red circle line (percentage of recurrence) is far from, and has higher percen-
tage than the blue triangle line (random baseline), it means that this pair performs 
high level of gaze coordination.  

• If there is symmetry around the 0 point, partners follow each other's actions equi-
valently.  

• If there is a skew on the right side of the 0 point, the participant whose eye-
movement data are chosen firstly follows the second participant more. If there is a 
skew on the left side of the 0 point, the participant whose eye-movement data are 
chosen firstly is followed by the second participant more. 

Fig.1 represents the recurrence percentage graph of Pair-4 which has the lowest re-
currence percentage in this study. Two lines are very close to each other, intersect at 
some points, and recurrence percentage level is very low.  

Fig. 2 shows the recurrence percentage of Pair-8 which has the highest recurrence 
percentage level in this study. There is symmetry around the 0 point, so we can say 
that both participants follow other's action at similar level. Furthermore, the distance 
between recurrence percentage line and random baseline increases between -2400 
msec and +2800 msec, so we can say that these participants follow each other with 
the approximately 2 seconds time lag.  

 

 

Fig. 1. Recurrence percentage graph of Pair-4 
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Fig. 2. Recurrence percentage of Pair-8 

3.2 Interaction Analysis Results 

In this part, some excerpts are presented to show the collaboration process with antic-
ipatory gazes, where gaze overlaid video recording indicate that some participants 
estimate the location of next possible action of the team member before s/he per-
forms. Suchexamples can be considered as a strong evidence for the achievement of 
common ground and mutual understanding. Furthermore, gaze overlap, and uses of 
awareness tools are the evidence of good quality collaboration.  

Considering the recurrence analysis, pair-8 has the highest gaze overlap, because 
before starting solving the problem, they reasoned together communicating via chat 
element. The second highest collaboration level belongs to Pair-5. While solving the 
 

 

Fig. 3. Question-6 – Fixations of bote_ceit  
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problems, they used awareness messages such as following “… is typing” messages, 
and “Now viewing tab GeoGebra” messages which shows the one participant’s tab 
changes on chat element.  In addition to these awareness messages, VMT has aware-
ness elements at the bottom of the screen; one represents the last usage tool, and the 
other one represents who has control. These two pairs used these awareness elements 
and messages to follow partner’s actions. 

In question-6 (Pair-8), both of the participants read the question. Then bilgi_islem 
viewed GeGebra tab, bote_ceit saw this action, and he viewed GeoGebra tab, too (see 
Fig. 3), so he followed his partner’s action.  

In question-4 (Pair-8), bote_ceit took control, and drew an equilateral triangle us-
ing equilateral polygon tool. Then he stated the midpoints of all edges (see Fig. 4). 
Meanwhile, bilgi_islem saw the tool that bote_ceit used, and looked at the midpoints' 
of the edges (see Fig. 5). 

 

Fig. 4. Question-4 – Fixations of bote_ceit 

 

Fig. 5. Question-4 – Fixations of bilgi_islem 
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Fig. 6. Question-4 – Fixations of bote_ceit 

 

Fig. 7. Question-4 – Fixations of bilgi_islem 

In question-4 (Pair-8), before bote_ceit stated the center point (G) (see Fig. 6),  
bilgi_islem anticipated this action, and looked at this location (see Fig. 7). 

There are, also, some cases where there was no gaze coordination. Pair-4 has the 
lowest gaze occurrence. The main reason is that while one partner was writing the 
answers on the Results tab, the other worked on the next question, so partners could 
not follow their actions because they were working different tabs. The other reason is 
that while bilgi_islem was solving the problem, she did not look at the chat section, 
and could not see what her partner wrote. So gaze overlapping either did not occur in 
those cases or occurred by chance.  

To sum up, our aim is to support the results of cross recurrence analysis by closely 
analyzing gaze patterns of pairs. 
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3.3 Open-Ended Questions and System Usability Scale Results 

SUS score of VMT environment is 52,30 out of 100, but this result does not give 
detail information about the usability of VMT and collaboration process, because it is 
designed for evaluating the single user interface.   

Answers of open-ended questions were examined to understand the participants’ 
experiences, difficulties they faced, their ideas, and suggestions about VMT. Partici-
pants stated that chat section is the main element of collaboration process. If someone 
fails to solve the problem, the other one takes the control, and continues to solve prob-
lem. They, also, direct, and help each other during the process, but chat element has 
some difficulties. For example; communication occurred text-based, so it causes time 
loss, and sometimes misunderstanding may occur. Participants suggested that com-
munication should be provided via video-based channel. In addition to these, pairs 
missed the partner’s messages. Some participants suggested that when a chat message 
is sent, it should be a notification voice, so the messages attract attention of other 
participant.  

The colors of the text messages are different for each person, but because the col-
ors are similar, text messages are hard to follow, and read. On the other hand, some 
participants stated that “Now viewing tab GeoGebra” awareness message is useful to 
follow their partners.  Furthermore, take control button is useful, because just one 
person constructs drawings, and confliction is prevented. This button is, also, useful 
for awareness among partners. The other main problem is that participants had diffi-
culties about usage of GeoGebra tools. Participants stated that GeoGebra tools should 
be more easy to use. Finally, some of the participants stated that the construction area 
was slide, and the partner’s actions were not seen. 

4 Discussion and Conclusion 

In this part, results are discussed according to research questions. For the first re-
search question, it is observed that some VMT features provide coordination of joint 
attention to the users. Chat tool is one of these tools, participants used it for commu-
nication, and they directed each other while solving the problems. For example, "... is 
typing" awareness feature help participants with facilitating joint attention, because 
when one was constructing the solution, the other wrote messages, and suggest solu-
tion, or asked something. In addition to this, when a participant changes the tab, "... 
view ... tab" awareness message is seen. It, also, provides users with joint attention, 
because when one sees this tab changes, s/he changes tab, too, and follows his/her 
partner. Furthermore, construction area on GeoGebra tab makes the on-going con-
struction visible to all users. Eye-tracking videos show us these gazes and joint atten-
tion. Thus, gaze overlapping especially occur on construction area, and chat tool by 
using awareness messages.  

For the second research question, results of the recurrence analysis and interaction 
analysis show that there is relationship between the amount of gaze overlap and suc-
cess in joint problem solving and collaboration. This finding is consistent with the 
literature, and reported by some other studies that high-quality collaboration is related 
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with high level gaze recurrence (Jermann, Nüssli, Mullins & Dillenbourg, 2011; 
Richardson & Dale, 2005; Jermann & Nüssli, 2012). Pairs having high quality of 
collaboration show more gaze overlap than the pair having low quality of collabora-
tion, because good pairs usually followed partner's action, reasoned together, sug-
gested solutions to each other. But pairs with low quality of collaboration just divided 
the work as constructing solution and writing solution, and did their sub-work, so they 
work cooperatively, not collaboratively.  As Dillenbourg (1999a) stated that they 
worked cooperatively, because they divided the whole work into sub-work, work 
individually and finally united the final work.  

For the third research question, open-ended question results are used. Participants 
stated that they faced with some difficulties, because of the some VMT features.  Some 
participants said that it was difficult to follow construction area and chat area simulta-
neously. There are some reasons of this difficulty. For example, colors of each user’s 
messages are different, but very similar, so participants faced difficulty in identifying 
which messages belongs to whom, and they had to read last few messages. This difficul-
ty slows down the communication process. Because color selection is an important 
factor affecting users’ perception, interface should be designed according to design 
principles. The other reason about difficulty is about awareness messages about chang-
ing tab action and their crowded view. Although this awareness messages support colla-
boration, and following the partner’s action, the design of them is not suitable, because 
color tone is similar to participants’ message, and people see their own changing tab 
action. It is not necessary. Another reason of difficulty is about the construction area. 
When a user zooms in, zooms out or moves the construction area, other user cannot see 
these actions, so “what you see is what I see” design principle for collaborative systems 
fails. This usability problem affects the collaboration process.  

Because there is a big problem about understanding users’ motivation regarding to 
using collaborative environment (Holtzblatt, Damianos & Weiss, 2010; Matthews, 
Whittaker, Moran, Yuen & Judge, 2011), users’ experiences and their feedback about 
the environment should be considered well, and reflected to the design of user inter-
face. Because SUS is designed for single user interface usability evaluation, it is in-
adequate to assess the usability of collaborative environment. Although there are 
some rating schemes for assessing the quality of collaborative environment such as 
developed by Meier, Spada and Rummel (2007), there is a big need to develop scale 
for evaluating usability of collaborative environment.   
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Perit Çakir, Murat I-462
Petrou, Alexios II-319
Piki, Andriani I-107
Poullis, Charalambos II-91
Provoost, Simon II-375
Purgathofer, Peter I-216

Quevedo, Silvia R.P. I-334

Ramı́rez Castillo, Jaime I-388
Ricci, Francesco II-105
Rizzi, Alessandro Maria II-72
Rodrigues, Ana II-440
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Ulbricht, Vânia R. I-334
Unal, Bulent II-3
Uzunosmanoğlu, Selin Deniz I-462

Väljataga, Terje I-138
Valls, Aĺıcia I-3
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