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Introduction

Design—from the Latin designare, to “mark out, point out, describe, design,
contrive” —is a focus for many of the ideas and theories of contemporary educa-
tional technology.

As a field of study, design usually includes such disciplines as architecture,
industrial design, graphic design, fashion, landscape architecture, and interior
design. Each has a strong history of research and theory, as well as an established
integration with application and practice, and therefore each parallels in many ways
the work of instructional design and educational technology.

As an architect and graphic designer, I came to the field of educational technology
quite recently. I found that the processes of instructional design mirrored that of
architecture, and I found that the values of graphic design were critical to the design
and development of educational projects. Many of the ideas, concepts, and methods
of these and other design fields are directly useful and supportive of innovation and
planning in educational design.

Three components of the broader concept of design formed the framework of the
2012 AECT Summer Research Symposium and this subsequent volume: design
thinking, design process, and the design studio. The conscious adoption of aspects
of design thinking, evident in a range of divergent professions (including business,
government, and medicine), is widespread in the field of education. Design thinking
is future-oriented, concerned with “the conception and realization of new things,”
and at its core is focused on “planning, inventing, making, and doing” (Cross, 1997,
p- 1), all of which are of value to the field of educational technology. For an instruc-
tional designer, understanding the design process is critical, and this understanding
often draws from other traditional design fields such as architecture or industrial
design. Much of the curriculum in educational technology deals with application of
conceptual models of design through an examination of the design process as prac-
ticed, of new models for designing, and of ways to connect theory to the develop-
ment of educational products. Expanding the focus on design process, a number of
leading schools of instructional design have adopted the studio form of education
for their professional programs. Studio-based education is intrinsic to design
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education in many fields and is increasingly important within educational technol-
ogy. Research and praxis-based observations are critical to effective use of this edu-
cational method and were examined as part of the symposium.

For this symposium, proposals focused on design thinking, design process, and
the design studio were solicited from the general membership of the Association of
Educational Communications and Technology and then evaluated by a panel of
experts and the two symposium cochairs. Selected contributors developed their pro-
posal ideas into full chapters, and each chapter draft was distributed to the other
participants for review. All authors gathered for the in-person symposium in July
2012 in Louisville, KY, where discussions and presentations provided a rich and
engaging synergy. Examples and experiences from outside the traditional boundar-
ies of instructional design and educational technology also enriched and balanced
the discussion. This structure formed the basis and the inspiration for the chapters
of this book. From their own viewpoints, from their own academic venues, 15 authors
have expressed their experience and views of design in a process fashioned to elicit
and develop their best ideas and explanations. This design has been critical to this
rich project.

The symposium was structured using conversational methods based in the Art of
Hosting movement and was a departure from traditional academic conferences and
paper presentations.

Authors worked together in an “Open Space” format of structured discussions.
In Open Space, each chapter author hosted three intense discussions with four or
five other discussants. Keynote presentations were made at the beginning and end of
the symposium by Gordon Rowland and Patrick Parrish, whose written versions are
also included in this book.

Andrew Gibbons charts our investigation with a comparison of the design activ-
ity in other professional fields such as architecture and digital design to instructional
design. He maps the theories and practices of instructional design to the broader
fields of design and examines the range of scales present in design practice.

Building from the seminal work of Donald Schén in his examination of the archi-
tectural design studio, Monica Tracy and John Baaki examine the principle of
Refection-in-Action in terms of theory, design practice, and our understanding of the
design process, illuminating these examples through the lens of a case study of
active designers.

How instructional designers learn and evolve as practitioners is examined by
Elizabeth Boling and Kennon Smith in their delineating of critical issues in educa-
tion through the studio. Central to their investigation is a connection with other
fields of design and bringing common essential characteristics to the field of instruc-
tional design.

Design and narrative meet in two chapters. In the first, Katherine Cennamo
relates her experiences in pairing two design forms in a multidisciplinary
design studio. Not all design work is alike and different cultures exist in different
disciplines. At the same time, there are lessons to be learned through this innova-
tive studio environment. Subsequently, Wayne Nelson and David Palumbo present
the crossover of an interactive design firm to engagement with instructional design.



Introduction vii

Blending processes and ideas from product design and user-experience design
informs their work, beginning from their entertainment-oriented experience and
moving toward an educational product.

How people design— whether they are instructional designers, architects, or end
users—is a valuable base for practice and education. Chapters by Lisa Yamagata-
Lynch and Craig Howard examine the design process using different methods of
inquiry, but both help us in our quest for understanding. While Yamagata-Lynch
uses Cultural Historical Activity Theory to examine design from an end-user point
of view, Howard builds on an extensive use of the case study method to examine our
own practices of instructional design.

As we have seen in these chapters, instructional design is a diverse field and,
while the specific subject matter is important, it is but one component of education.
Wayne Nelson outlines the possible scope of research and practice and finds ways
to integrate the field beyond traditional educational research. The qualitative and
subjective aspects of instructional design must also be addressed. The specific ele-
ments of message design, judgment, and ethics are presented in chapters by M.J.
Bishop, Nilufer Korkmaz and Elizabeth Boling, and Stephanie Moore. Each is criti-
cal in a holistic understanding of the field of instructional design, touching on such
questions as how we convey meaning and information, our judgment of quality in
our work, and our responsibilities as designers.

We began the symposium with the idea of the value of design thinking, and Gordon
Rowland, in his chapter, presents a method for improving the use of design in learn-
ing and thinking. Design is “a unique and essential form of inquiry,” and Rowland’s
method can advance the use of design as a full-fledged educational component.

Examining design and education encourages us to address larger, more systemic
issues. Marcia Ashbaugh and Anthony Pifia examine leadership thinking and how it
could infuse and direct instructional design. How to improve the practice of design
inquiry extends to the full field of education and to leadership in higher education.
Paul Zenke’s chapter examines the role of university leadership as designers.
Challenges abound in the modern age for higher education, and the application of
design thinking and transformation is sorely needed.

Our story, the chapters of this book, began with detailed views of the work of
instructional design and with their inward reflections, and concludes with recogni-
tion of the role of instructional design existing in a complex and ill-defined world.
Patrick Parrish identifies this “Half-Known World,” a challenge that must deal with
the learning experience as a whole: as designers, as subject matter experts, as par-
ents, teachers, and learners. Recognizing the flow of the narrative is part of our
fuller understanding of our responsibility to education.

This research symposium and this subsequent publication could not have been
possible without the support of a great organization, and I must acknowledge the
role of the Association for Educational Communications and Technology. The orga-
nization has always been very supportive of innovative and divergent ideas and was
very receptive and encouraging to my initial concepts for the symposium. The staff
was instrumental in organizing and smoothly presenting the symposium, matching
the standards they set every year at the annual conference. I would also like to
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specifically thank Executive Director Phillip Harris for his encouragement, support,
and humor in moving the symposium to reality. Jason Huett, Monica Tracey, and
Greg Clinton served as the symposium advisory board and assisted in reviewing
initial proposals with the symposium cochairs. I would also like to thank Stephen
Peters for his editorial help. And specifically, I would like to thank my cochair,
coeditor, and colleague, Andy Gibbons, for his great support and involvement.

Finally, the symposium participants are the ones who bring value to any such
endeavor, and, in the end, are those who are bringing design to the world of educa-
tional technology. Thank you each for your participation as authors, as discussants,
and as colleagues in a limitless field.

I hope you find this book as worthwhile and as interesting as it has been in
its development.

St. Paul, MN, USA Brad Hokanson
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Instructional designers are an integral part of successful design, and as a profession
we are constantly looking to expand and improve our preparation methods in an
effort to best prepare designers. Designers are active, influential change agents who
work in a design space that includes interpersonal dimensions (Cross, 2011). They
bring their own experience, perceptions, and interpretations of design to each proj-
ect. Research on design in other disciplines indicates that aspects of the design
process include research, reflection, conceptualization, and judgment (Nelson &
Stolterman, 2003). Concepts including designer relation to design are superficially
considered in some instructional design decision-making processes, but designers
have yet to document their reflections during their design activities. Research on
design seldom focuses on the designer while she is actually designing. Without deep
understanding of what actually happens during design, we cannot prescribe
improvements in design or preparing designers (Dorst, 2008). Reflection-in-action
is one activity that may assist designers in improving their design activities.
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Design and Design Thinking

Depending on the context, design includes numerous definitions and descriptors.
A summary of a study analyzing the most widely adopted textbooks and official
definitions of the field of instructional design (Smith & Boling, 2009) indicated that
design is a systematic process, represented by models, based on theory, and
grounded in data while focused on problem solving (Tracey & Boling, 2013). When
looking outside of the instructional design field, design is defined as “both a noun
and a verb and can refer either to the end product or to the process” (Lawson, 20006,
p- 3). In general, design is referred to as a generic activity (Lawson, 2006), a pro-
cess, and a topic of study across disciplines that addresses complex human situa-
tions. Design is also defined as a space rather than a process, and design thinking is
abductive (Cross, 2011; Dorst, 2011).

Design thinking incorporating abductive reasoning forces a designer to shift and
transfer thoughts between the required purpose or function and the appropriate
forms for an object to satisfy the purpose (Cross, 2011). In essence, designers move
back and forth between an analysis space (required purpose or function) and a syn-
thesis space (appropriate forms for an object to satisfy the purpose). The core chal-
lenge of design thinking is, in parallel, creating a complex object, service, or system
and making it work (Dorst, 2011). Designers come up with the “what” and “how”
and then test both in conjunction (Dorst, 2011, p. 5). Within a design space, design-
ers need to tolerate uncertainty, interact with external representations (sketches,
models, and other materials), rely on intuition, and take stock and reflect on the
what and the how (Cross, 2011).

As instructional designers begin to look to the design worlds of architects, engi-
neering designers, product designers, industrial designers, and software systems
designers to truly understand what happens during design, instructional designers
stand to gain much from reflective practice within design thinking. Cross (2011)
indicates “there has been a significant history in design research of theoretical anal-
ysis and reflection upon the nature of design ability” (p. 5). Instructional designers
can embrace best practices from reflection-in-action to assist them in developing
their designer ability (Fig. 1).

Designers and Reflection-in-Action

As a specific type of reflective practice (how professionals think during practice),
reflection-in-action emphasizes that unique and uncertain situations are understood
through attempts to change them, and changed through the attempts to understand
the situations (Schon, 1983). Reflection-in-action helps designers deal well with
situations of uncertainty, instability, uniqueness, and conflicted values that are
inherent in ill-structured problems (Schon, 1983).
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Natural Consequences of
lll-structured Problems

Reflection-in-Action

Interact with an Eplsede
Move to & fro to explore & reflect
Take stock in a situation
Participate in a situation’s own life
Converse with a situation

Self-reflect

Interact with an Eplsode
Move to & fro to explore & reflect
Take stock in a situation
Participate in a situation’s own life
‘Converse with a situation
Seif.reflect

Interact with an Episode
Move to & fro to explore & reflect
Take stock in a situation
Participate in a situation’s own life
Converse with a situation
Selfreflect

Develop knowledge in one design episode
and carry it over to another episode.

Interact with an Eplsode
Move to & fro to explore & reflect
Take steck in a situation
Participate in a situation’s own life
Comverse with a situation
Self-reflect

Interact with an Episode
Mave to & fro to explore & reflect
Take stock in a situation
Participate in a situation’s own life
Converse with a situation
Sell-reflect

Interact with an Eplsode
Move to & fro to explore & reflect
Take stock In a situation
Participate In a situation's own e
Converse with a situation
Self-reflect

Natural Consequences of
lll-structured Problems

Fig.1 A conceptual view of reflection-in-action

The second author headed a team that designed and developed an Internet
Marketing web course for a major automaker’s dealership sales consultants. The
team’s design ideas began to form when the team realized that customers who use
the Internet should lead the 60-min web course. Using a whiteboard, the team
sketched, interpreted, and developed three different Internet customers that would
act as learning agents and present the course. Through biweekly, collaborative 60-
to 90-min sessions that included quick interface sketching and storyboarding, the
design team began to reflect on how the three Internet customer-learning agents
would interact with learners through the web course interface. Through reflection-
in-action, the team continued to design by digging into the Internet Marketing
course secondary challenges: keeping ever-changing digital information current,
choosing learning agents that are relevant across all dealerships, and developing
current and useful Internet Marketing resources.

Working in a design thinking space (Cross, 2011), designers from different
design fields, in the midst of the natural consequences of an ill-structured problem
(Guindon, 1990), interact with a situation by having a reflective conversation with
it. Designers are reflective participants in the design process (Scott, Shurville,
Maclean, & Cong, 2007; Valkenburg & Dorst, 1998). To understand designers inter-
acting with design episodes and having a reflective conversation with the situation,
design thinking literature points to reflective practice ideas (Adams, Turns, &
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Atman, 2003; Atman, Cardella, Turns, & Adams, 2005; Atman, Chimka, Bursic, &
Nachtmann, 1999; Ball, Onarheim, & Christensen, 2010; Goel & Grafman, 2000;
Guindon, 1990; Scott et al., 2007; Valkenburg & Dorst, 1998), especially to
reflection-in-action (Schon, 1983, 1988). The idea of reflection-in-action is that
unique and uncertain situations are understood through attempts to change them,
and changed through the attempt to understand them (Schon, 1983, 1988).

Several researchers have indicated that reflection-in-action is best appreciated
within the context of design activity. A design process has four aspects of design activ-
ity: (1) designer, (2) process, (3) content, and (4) context. Of the four aspects, designer
is the most straightforward. Process is looking at design in two different ways:
(1) rational problem solving and (2) reflective practice (Brown, 2008; Cross, 2011;
Dorst, 2008; Schon, 1983). Content involves complex and uncertain design problems
and the emerging solutions (Dorst, 2008; Schon, 1983). In general, a designer works
in a particular context. A specific aspect of context is how designers draw from a rep-
ertoire of precedents inside and outside of the project (Brown, 2008; Cross, 2011;
Dorst, 2008; Guindon, 1990; Schon, 1983). Studying and sharing design precedent
has been gaining traction in the field of instructional design through journals, such as
The International Journal of Designs for Learning, where designers share their
designs plus detailed descriptions of their decision-making activities during design.

Theoretical Foundations of Reflection-in-Action

Theoretical foundations of reflection-in action include Donald Schon’s (1983) the-
ory of reflective practice and Kolb’s (1984) work on experiential learning theory.
Schon’s (1983) theory of reflective practice or how professionals think in practice
was developed to counter the rationality or scientific theory and techniques applied
to practical problems (Cross, 2011). Schon attempted to explain how practitioners
actually engage with their practice and discovered that designing appears to include
areflective conversation during and with the situation. When a designer is presented
with a complex problem or situation, the designer shows a series of questioning,
making a decision, reflecting on the consequences of the decision, then making
another move. Main concepts are the notions of reflection-in-action, which refers to
allowing one to experience the feelings and emotions inherent in a situation, and
reflection-on-action, which refers to reflecting on something after it has happened
through various methods, such as recording one’s thoughts or talking about an event
after it has taken place (Schon, 1983). This chapter focuses specifically on reflection-
in-action, the reflection that occurs during design.

Kolb’s (1984) experiential learning theory, although based on the experiences
learners have, has value when looking at designers during designing. Kolb described
experiential learning, grounded in experience, as a four-stage cycle based on the
experiences learners encounter. The designer therefore observes and reflects on the
design during the design experience. The designer then forms concepts, and perhaps
rules, based on how the experience has been understood by observation and the
reflection process. Finally, the designer tries out this new understanding in the next
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design situation. Experiential learning theory states that these four stages occur as
part of the natural learning process. Designers as learners in every design experi-
ence engage in these four stages and, if observation and reflection are allowed and
encouraged, can bring new insight to the next design experience, either working
alone or with a team of other designers. Each designer brings his or her experiences
to every new design experience.

Perspectives of Reflection-in-Design

Reflection-in-design can occur when designers deal with the natural consequences of
ill-structured problems (Jonassen, 1997). Designers also interact with design episodes,
including the movement between exploration and reflection, taking stock of a design
situation, and participating in an episode that takes on a life of its own (Cross, 2011),
each embracing reflection-in-action. Designers also have reflective conversations with
the design situation and participate in a self-reflection process. One perspective of
reflection is looking at the natural consequences of ill-structured problems.

Natural Consequences of Ill-Structured Problems

In the complex world of design, Guindon (1990) uses an interesting phrase to
describe deviations in the design process. He notes from his study of software sys-
tems designers, “The analyses show that these deviations are not special cases due
to bad design or performance breakdowns but are, rather, a natural consequence of
the ill-structuredness of problems in the early stage of design” (p. 307). Ill-structured
problems make design problems particularly difficult because ill-structured prob-
lems are incomplete and have ambiguous goals, have no predetermined solution
path, and require an integration of multiple knowledge domains (Guindon, 1990).

As software systems designers reflected on an ill-structured problem involving the
lift systems control of an elevator, Guindon (1990) observed systems designers draw-
ing on multiple knowledge domains like design, software systems architecture, and
computer science and found the designers weighing pros and cons of alternative solu-
tions. As solutions began to evolve, designers reflected on the internal consistency,
correctness, and completeness of a solution with respect to requirements, whether
given, inferred, or added. An interesting consequence of the ill-structuredness of the
problem was that when reflecting on an external representation of the solution, the
software systems designers would change goals and immediately fix a newly discov-
ered bug (Guindon, 1990). This closely ties to the idea of interacting with episodes
(discussed later) by taking stock of the situation and making improvements.

It is this fixing the bugs now as a consequence of the ill-structured problem that
provides a relevant introduction of Schon’s (1983) reflection-in-action process.
Reflection-in-action helps designers deal well with situations of uncertainty, insta-
bility, uniqueness, and conflicted values, which are inherent in ill-structured
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problems (Schon, 1983). Because design is complex and full of ill-structured prob-
lems, designers treat design cases as unique since they cannot deal with situations
of uncertainty by applying standard theories and techniques.

Schon (1983) emphasizes reflection-in-action, rather than reflection-on-action.
For Schon (1983), unique and uncertain situations are understood through attempts
to change them, and changed through the attempt to understand them. In order to
change the situation and understand the situation, designers reframe a situation by
asking five questions: (1) Can I solve the problem I have set? (2) Do I know what I
get when I solve the problem? (3) Have I made the situation coherent? (4) Have I
made it congruent with my fundamental values and theories? and (5) Have I kept
inquiry moving? (Schon, 1983).

Schon (1983) contends that much of reflection-in-action centers on the experi-
ence of surprise. Adams et al. (2003) connect reflection-in-action to this notion of
surprise. For the Internet Marketing web course design team, surprises stemmed
from the unpredictability of complex design situations like how to ensure sales con-
sultants use critical thinking skills as they apply to best practices, how to present
nonlinear content in a SCORM-compliant course, and how to quickly provide con-
text around each learning agent through a combination of animation and narration.
In these situations, Schon (1983) brings to light that the situation talks back and this
back talk helps designers engage in a reflective conversation with the materials.
Adams et al. (2003) conclude that this reflective conversation can help designers
develop deeper understanding of the design problem.

What is important to take from the natural consequences of ill-structured prob-
lems is that designers design under conditions of complexity and uncertainty
(Schon, 1988) and that designers analyze why actions do not lead to expected con-
sequences and then form new plans for action and trying out new steps (Holmquist,
2007). Before any script, motion sample, and interface design were shared with the
automaker, the Internet Marketing web course design team reflected quickly on four
rounds of interface design sketches, two rounds of motion samples, and one script
version 1.0. Each round triggered a new round of designing where a different sort of
designing began. In the Internet Marketing web course design and development, an
interesting outcome from the natural consequences of ill-structured problems is that
the design team began to break down the overall design assignments into smaller
situations or moves. The team would break down an 8-min module into the specific
20-30-s scenes than make up the module. Through reflection, designers can “ratio-
nally” make a decision to start a new activity (Valkenburg & Dorst, 1998). Using
“rationally” is interesting as designers begin to make sense of ill-structuredness.
Reflection within a situation of uncertainty and complexity leads designers to inter-
act with an episode and participate in a reflective conversation with the situation.

Interaction with Episodes

The design process is episodic, which has strong implications for reflection from
three perspectives: (1) Designers move to and fro between exploration and reflection,
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(2) Designers take stock of a design situation, and (3) Designers participate in an
episode that takes a life of its own (Cross, 2011). The Internet Marketing web course
team often interacted with episodes by drawing on its knowledge of learning routines
used in a previous course or a favorite practice item that emphasizes critical thinking
skills. For example, the subject matter expert wanted to ensure that sales consultants
understand what makes up a good follow-up email to a customer. Drawing on a drag-
and-drop learning routine, the design team emphasized critical thinking skills by
designing a practice item where sales consultants actually composed a follow-up
email. The scriptwriter, the graphic designer, and instructional designer engrossed
themselves in frame experiments as they moved to and fro between exploration and
reflection. Taking stock of the design situation, the design reflected on many ideas to
clarify vague ideas and move forward to a follow-up email practice routine.

Designers treat each design episode as unique (Schon, 1988). Designers build up
knowledge in a cumulative and contemplative way, develop knowledge in one
design episode, and carry it over to the next episode. Episodes can be complex and
have lives of their own which may foil a project and create new meaning (Schon,
1983). As an external representation, design is constructed in public so other people
can read and comment on it (Cross, 2011). Designers draw and sketch as a means of
thinking out loud and as a process of criticism and discovery.

Move To and Fro Between Exploration and Reflection

Schon (1983) makes it clear that when reflecting in action a designer can think about
doing and can think about doing something while doing it. In the midst of perfor-
mance, reflection-in-action is bounded by an “action-present” zone of time (from
minutes to months) in which action can still make a difference to the situation. For
example, in looking at architects designing a lab configuration, Goel and Grafman
(2000) conclude that designers generate a single idea or fragment and develop it
through transformations where it is complete and can be evaluated. Even though
these episodes were sometimes short, averaging between 1.2 and 1.6 min, actions
like lab circulation patterns and placement of printers and workstations made a dif-
ference in the final design. The movement back and forth between exploration and
reflection keeps the project moving forward as design transformations continue.

Take Stock of a Design Situation

Schon (1983) would argue that action-present is really actually taking stock of the
design situation. Here, a designer takes account of unintended changes by framing
new appreciations and understandings by making new design moves. Why take
stock of the design situation? From multiple studies of engineering design students
participating in design activities, Adams et al. (2003) conclude that reflection-in-
action provides a means to fill gaps. The authors surmise that reflection-in-action
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allows designers to see new design requirements emerge and subsequently design-
ers synthesize these new requirements into solution development. What is important
in the process is that designers do not identify the requirements until they have
designed and reflected on portions of the system.

In designing a web course, it is essential to ensure that learners find consistency
in how they interact with the course. When reflecting on script version 1.0 and the
initial motion sample, the Internet Marketing web course design team realized that
the initial course designs did not consistently identify differences between content,
examples, practice items, and feedback. New design requirements emerged from
these designed portions of the web course. The design team decided that content
would use the entire user interface, while sales consultants would trigger examples
and practice items by interacting with a cell phone or computer screen interface.
Through reflection-in-action, the design team participated in an in-depth exploration
of solution ideas. The design team assessed the viability of uncertain ideas like no
distinction between course content and examples and practice items and then gained
confidence in the idea of presenting different interfaces for content and practice.

Participate in an Episode That Takes a Life of Its Own

In his study of architects, Schon (1988) asserts that skilled designers tend to treat
each design situation or episode as unique. From this, designers build up knowledge
in a cumulative way, develop knowledge in one design episode, and carry it over to
the next episode. Although a designer may see each episode as unique, a good
designer sees an episode as something that is part of a designer’s repertoire (Schon,
1983). In other words, a designer sees a current episode as an episode from before
so that a designer may pull from the earlier episode and use something in the new
episode. Even though a designer contributes to an episode, episodes can be complex
and have lives of their own, which may foil projects and create new meanings
(Schon, 1983). Interacting with an episode means participating in a reflective con-
versation with the situation.

Reflective Conversation with the Situation

Because ill-structured problems are dynamic and complex, Schon (1983) explains
that in good design processes designers engage in a reflective conversation with the
design situation, answer the situation’s back talk, and reflect-in-action on the con-
struction of the problem, strategies of action, or models of the phenomena. When
absorbed in a reflective conversation with a design situation, reflection-in-action has
three critical dimensions: (1) a designer’s language as she describes and appreciates
the particular consequences of design moves, (2) the implications that are discov-
ered and followed, and (3) the changing stance toward a design situation (Schon,
1983). In a situation’s back talk, a designer can discover a whole new idea, which
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generates a system of implications for more moves. In other words, answering a
situation’s back talk results in a shift in a designer’s stance. Keeping in mind that the
design situation is engulfed in complexity and uncertainty, a designer shifts from
“What if?” to do something with the episode, and a designer’s stance shifts from
exploration to commitment (Schon, 1983).

Adams et al. (2003) concur with Schon that reflection is critical to practice. A
designer reflectively converses with a situation by framing the problem, naming
things a designer attends to do within the frame, generating moves toward a solu-
tion, and reflecting on outcomes of the moves (Adams et al., 2003). The result is
coupled iterations (Adams et al., 2003) where a designer revises problem under-
standing in the context of developing or revising solution elements. This is what
Schon (1983) describes as a designer engaging in a conversation across problem
and solution spaces where solution spaces are not yet fully developed.

In a study that really brings to light reflective conversation with a design situa-
tion, Valkenburg and Dorst (1998) examined engineering teams who competed in
designing and building remote-controlled robots that had to transport as many balls
as possible from a ball bin into a basket. Using episodes as raw data instead of tra-
ditional protocol analysis time intervals, Valkenburg and Dorst (1998) visualized
four activities—naming, moving, reflection, and resetting the frame—in 30 min of
the protocol. The first activity of the design team was naming relevant objects within
the design situation: shooting the ball, collecting the balls, and driving the robot. In
the second activity, the design team chose the most important relevant object to
handle first. During reflection-in-action, the competing team asked and discussed:
(a) What do we do now? (b) What do we have now? (c) Is this all? and (d) Does the
robot have to shoot? The result was resetting the frame into getting balls into a bas-
ket as the most important problem issue.

What is significant is that in this design competition the team that spent the most
time on reflection won. For the winning team, reflection occurred early and often.
The winning team’s reflected moments always occurred in relation to the design
task. For the losing team, reflection happened at the end where it was too late to
intervene with the project. The losing team’s reflected moment was the team’s last
activity. In this design competition, early and multiple reflective conversations with
the design situations affected which design team won the competition.

Designer Self-Reflection

Reflection should occur individually as well as within a design team during design.
Self-reflection is the process of looking at one’s self to understand feelings and
emotions. Self-management may follow the process as a way to manage those feel-
ings and emotions (Bradberry & Greaves, 2005). Based on their research, Hixon
and Swann (1993) suggest that self-reflection, a meta-emotional activity, is essential
to self-knowledge. It is through self-knowledge that designers are able to self-
evaluate (a metacognitive function) and move deeper into expert status. Studying
medical physicians and the need for and measurement of self-reflection, Aukes,
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Geertsma, Cohen-Schotanus, Zwierstra, and Slaets (2007) discovered that self-
reflection is considered a mental hygiene component to a physician and creates the
ability to develop professionally, particularly in solving problems (Aukes et al.,
2007). Educational theories focus on reflection as part of the process of active learn-
ing and learning through inquiry. Reflection is considered “metacognition” because
it refers “to a response that considers the action itself and its relationship to the
knowledge structure, that generated it, as well as the extent to which it achieved the
intended goal” (Laurillard, 2012, p. 76). Designer self-reflection can provide the
opportunity for a designer to look at design actions, the learning that resulted from
those actions, and how the actions helped or hindered the ultimate goal along with
building the designers’ repertoire in design.

Throughout the Internet Marketing web course design, the instructional designer
and lead project manager met periodically to discuss what was going well with the
reflection-in-action approach, what was not going well, and what needed to change.
This was particularly helpful when the design team faced design obstacles like the
subject matter expert’s desire to change the module sequence and when milestones
had to be adjusted because the subject matter expert and the automaker team missed
feedback deadlines.

In other fields—for example, psychotherapy—it is common knowledge that ther-
apists can alter therapy outcomes through their behavior and reactions; therefore,
supervisory sessions where self-awareness occurs and is articulated are considered
critical to therapist development (Moffett, 2009). Novice therapists are asked to
reflect upon their thoughts and feelings before, throughout, and/or after patient ses-
sions (Fauth & Williams, 2005). Methods of implementation vary but often include
structured questions that ask how the therapists would think/feel, what they are
thinking/feeling, or what they previously thought/felt during client sessions. The
process of self-awareness comprises both self-reflection and self-management.
Self-awareness for the purpose of this discussion is the extent to which one can
identify how one is feeling and how these feelings may be affecting, for example,
client interactions, design decision-making, and design team interfaces. Self-
management is the level at which an individual can direct actions and perceptions in
such a way that more effective outcomes are possible.

After the subject matter expert’s and automaker team’s first review of script ver-
sion 1.0, the interface look and feel, and the initial motion sample, some design
team members felt frustrated and disappointed with the amount of feedback
received. Should the design team have fleshed out more design details before pre-
senting such early design “sketches”? After some self-reflection, the design team
concluded that in the reflection-in-action spirit, it was important for the subject mat-
ter expert and automaker team to take stock in and react to the early design episodes.
This early feedback was essential to designing script versions 2.0 and 3.0 and the
experience design document that visually presented all learning routines.

Self-reflection provides an opportunity for designers to measure their thoughts,
understandings, and actions. Concepts including designer self-awareness, intro-
spection, self-insight, and interpersonal choices are superficially considered in some
design decision-making processes, but an in-depth look at these activities is often
neglected in studying instructional designers during the process of design. This may
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in part because of the nature of instructional design models embodying the design
process, not the designer as a part of that process.

Implications on Design and Designers

Design involves dealing with uncertainties and designers must not only learn to deal
with uncertainty but embrace and use uncertainty as a tool to propel optimal design
solutions. Design is a complex activity most often involving ill-structured problems
(Jonassen, 1997). Instructional designers should be prepared to deal with ill-structured
problems and the complexity design inherently brings. It is time to prepare instruc-
tional designers in a similar fashion to other design professions. Cennamo et al. (2011)
state that “the education of engineers, instructional designers, architects, landscape
designers, and the like must, by necessity, prepare students to solve the very complex
and ill-structured design problems with which they must grapple as professionals” (p.
13). Design thinking (Cross, 2007; Lawson & Dorst, 2009) and reflective designing
(Lowgren & Stolterman, 2004) explain how no single approach to designing can
address every future situation effectively, so the designer must be prepared to appreci-
ate design situations subtly and with discipline, invent and reinvent processes, and take
personal responsibility for the effects of their designs rather than handing off responsi-
bility for quality outcomes to a single process or theory (Nelson & Stolterman, 2003).

Instructional designers bring different backgrounds and abilities to the class-
room, studio, and/or workplace along with very different understandings of what
design is and their role in it. Those who view design as a tradition distinct from
science and who study how it occurs in practice present design not as a smooth
systematic process. In addition, designer’s values, belief structures, prior experi-
ences, knowledge and skills, and their approach to design affect the final outcome
(Nelson & Stolterman, 2003). Lawson and Dorst (2009) present a three-dimensional
model of the constraints on designs, a view not intended to represent all facets of
designing but one which “casts the designer not as a traveler along a winding pro-
cess path, but as an actor in a space shaped both externally by constraints and inter-
nally by the designer himself” (p. 131). In this view, designers have to appreciate
and impose constraints, and they have to manipulate the conceptual space in which
they are working in response to those constraints (Tracey & Boling, 2013).
Reflection-in-action during design can assist the instructional designer to acknowl-
edge the uncertainty, identify the ill-structuredness of the design problems, and
embrace the complexity inherent in the design solution.

Conclusions

Reflection-in-action is just one element of a design thinking approach to instruc-
tional design. Within a design thinking approach, instructional designers can learn
much from how reflection-in-action can help solve design problems, align a
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designer’s fundamental values with the design solution, ensure design situations are
coherent, and, maybe most importantly, keep inquiry moving. Cross (2011) sug-
gests that a considered and reflective approach to design and consideration of alter-
native solution concepts might save time and effort in the long run. Schon (1983)
agrees as he discusses that reflection early on with pencil and paper, and well before
a build, is a lot cheaper. Design moves that are costly during a build can be “...tried
at little or no risk in the world of drawing” (Schon, 1983, p. 158).

Schon (1983) considers how reflection-in-action in a unique case may be gener-
alized to other design cases. This occurs not by forming general principles, but add-
ing to a designer’s repertoire of important themes from which a designer can pull in
future design projects. But, how can instructional designers become efficient and
effective in reflection-in-action? Instructional designers can learn from design dis-
ciplines as design students are exposed to complex design problems. For example,
Atman et al. (2005) note that as part of homework engineering design students are
given complex design problems with varying task environments.

Dorst (2008) believes that designers can only foster a deeper understanding of
design activity when all aspects of design activity are considered. Although there is
research regarding the process of design activity, what research lacks are the other
three aspects of design activity: (1) designer, (2) context, and (3) content (Dorst,
2008). Dorst (2008) advocates a new type of design research, “...in which the pro-
cess and content of design activity are connected with a model of designer and the
context in which designing is taking place” (p. 7). In regard to a reflection-in-action
approach to improving a design while it is fluid, interesting research opportunities
could include how individual designers reflectively converse with design situations
as compared to how design teams converse; how levels of designers—novice,
advanced beginner, competent, real expert, master, and visionary (Dorst, 2008)—
reflect differently from one another; how context affects reflective practice; and how
the design project’s content affects reflection.

A reflective conversation with a design situation can be an effective way to
judge the strengths and weaknesses of a design project while it is fluid. This has
critical implications for most design projects, as they are complex, uncertain, and
ill structured. A reflection-in-action approach is designed to operate in a complex
world. It is this complex world where instructional designers engage in actual
design practice.
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Eight Views of Instructional Design and What
They Should Mean to Instructional Designers

Andrew S. Gibbons
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Introduction

The chapters in this volume are evidence of a new drive toward more robust and
valid descriptions of design: better descriptions of design for novices and advanced
concepts and methods for experienced designers.

A number of scholars are revitalizing the discussion of design within instruc-
tional technology, viewing design from different perspectives. Jonassen (2008)
asserts the problem-solving nature of design. Rowland (2008) describes how we
learn by designing. Bannan-Ritland (2003) places instructional design in context
with design research in other fields. Bichelmeyer (2003), Reigeluth (1999),
Reigeluth and Carr-Chellman (2009), and Yanchar and his colleagues (Yanchar,
South, Williams, Allen, & Wilson, 2010) place stress on the nature of theory and its
relation to design. Hokanson and Miller (2009) examine the multiple roles of the
designer. Parrish (2005, 2006) explores the aesthetic nature of designing and of the
designed artifact. Gibbons and Rogers (2009) propose how an architecture of
designed things applies to instructional design. Wilson (2005) reexamines the prac-
tice of design. This energetic discussion of design echoes an interest in design which
has been rising for decades outside of the instructional technology field, producing
a rich literature that informs our own.

The backdrop to this discussion is a tradition of over 50 years of reliance on
increasingly simplified descriptions of design in the form of design models. Smith
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and Boling (2009) review the assumptions and misconceptions of design models
that have evolved over that period. There is room to question whether the notion of
a design model adequately describes what we know about design (Gibbons, Boling,
& Smith, 2013; Gibbons & Yanchar, 2010). Gibbons and Yanchar (2010) identify a
wide range of topics that would be included in a more robust description of design.

Placing Instructional Design in Perspective

Some of these issues can be addressed by viewing instructional design from differ-
ent perspectives of scale that include its historical context, the environment of
designing, the nature of the thing being designed, the thinking processes of the
designer, and the conceptual tools the designer wields during design. Figure 1 illus-
trates eight different views of design that describe it from multiple scale perspec-
tives. Describing these views bridges the conceptual and practical worlds of design
at different levels of scale, yielding new questions for exploration.

Organizational View

The first view of instructional design describes the relationship of the designer to
the larger organization. Instructional design consumes time, money, and resources.
Making quality instructional products requires specialized skills, equipment, and
collaboration among members of a team. For this reason, instructional design is

ORGANIZATIONAL SYSTEMS APPROACH

DESIGN

LANGUAGE
VIEW
FUNCTIONAL-
MODULAR VIEW
TEAM PROCESS VIEW ARCHITECTURAL VIEW

Fig. 1 Design viewed from many perspectives from Gibbons (2013)
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normally carried out by a team under organizational sponsorship—a business, a
school, the military, a government organization, or a client. When an organization
considers funding and staffing a design project, it usually asks the designer what
value it can expect as a return on its investment. Instructional designers, therefore,
are becoming aware of the value they add to the organization.

The placement of instructional designers within organizations is changing. In the
traditional pattern, designers operated in relative isolation within a training depart-
ment, separated from the operational and administrative functions of the organiza-
tion, disconnected from everyday operational concerns.

In this scenario the training department was an appendage to, and not really part of,
the organizational fabric. Designers were told what to make—not consulted and not
included in key organizational decisions. When there was a downturn in the organiza-
tion’s fortunes, the training department was a first candidate for cutting. The training
function was most often placed under separate, nonoperational management.

A new pattern is evolving. Organizations are increasingly realizing that training
is an important part of their product: something that enhances its value to customers.
Organizations realize that there is value in training that supports the product or ser-
vice, making it easier to use. The value of a workforce that is well trained in product
skills and customer relations is being recognized, so organizations are using training
to unify their workforce and focus their energies by increasing collaboration among
employees. The value of these collaborations for creative problem solving is another
value that does not escape organizational notice. As a by-product, organizations are
seeing that training and education can help to create and maintain corporate morale
through employee buy-in. In short, organizations are recognizing the function of
training in creating organizational culture.

Training is increasingly viewed as a fundamental process of a competitive orga-
nization: a function essential to the organization’s growth and adaptation within a
changing environment. Designers must see themselves as creators of value within
the organization. To do that, they must understand the values of the organization and
how their products and services support them. The designer must understand how
value is measured to the organization and what elements of a design lead to value.
Designers must sometimes make calculated trade-offs between practical concerns
and theoretical issues. The training designers receive must prepare them for this.

Organizations are interested in designers who can speak their language and who
understand the rules of the new knowledge economy and the new information-based
organization (Kahin & Foray, 2006; see also Drucker, 1989). Research on the value
added of the designer and the new role of the designer within the new organization
is badly needed.

Systems Approach View

A second view of instructional design—the systems approach view —is historical
(Ramo & St. Claire, 1998). The practice of formal instructional design became
a topic during World War I, but it became an imperative during World War II.
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With the emergence of complex man-machine systems, time needed for training
increased just at the time when it was becoming more scarce. Efficiency became the
goal of training, and the systems approach became the means of designing training
to reach that goal.

The systems approach is a problem-solving process for highly complex prob-
lems. It is not a single procedure but a set of problem-solving tools and techniques
used by multidisciplinary teams of scientists and engineers. There is no set order,
but as problems are solved, new problems appear, demanding the selection of appro-
priate tools. The first problem attacked by a team using a systems approach is to
ascertain the real problem, which involves in most cases gathering large amounts of
data for extensive data analysis. The systems approach is difficult to describe
because it is a family of problem-solving methods rather than a formula.

The systems approach involves solving a complex problem viewed in terms of
multiple complex interacting systems. The problem is broken down into indepen-
dent solvable subproblems that involve the coordinated behavior of multiple subsys-
tems. Analyzing problems and testing solutions normally involve quantification of
variables.

In the systems approach, a multidisciplinary team consisting of both scientists
and engineers works toward a solution. Decisions are based on the best data obtain-
able, using a wide range of problem-solving methods. Methods are selected accord-
ing to problem status, not an orderly process. Multiple alternative solutions are
explored and evaluated on the basis of multiple, sometimes conflicting, criteria that
account for the needs of many stakeholders. System modeling and simulation are
often used to test solutions.

Innovation is the goal because problems solved often have few precedents, and
the context of problems introduces new variables. The systems approach is a ratio-
nal approach to finding a practical, usable solution that implements existing theory
as well as developing new theory along the way. Life cycle planning is always
included in calculations, and human factors are used to fit the solution to the user’s
needs and abilities.

Robert Gagné edited a seminal work, Psychological Principles in System
Development (1965), in which processes for engineering the human side of human-
machine systems were described in great detail, with specific attention to the train-
ing function necessary to prepare humans to operate within a system environment.
Soon after Psychological Principles was published, Gagné’s associates, especially
Leslie Briggs, began to popularize the systems approach among instructional
designers. This set off a trend in which the systems approach was simplified through
several generations of instructional design models (see the next section).

The systems approach was evolved to solve very complex problems. It is closely
related to what is practiced today as design-based research (Bannan-Ritland, 2003;
Collins, Joseph, & Bielaczyc, 2004; Reeves, Herrington, & Oliver, 2005). The sys-
tems approach cannot be equated with the procedural or formulaic process approach
represented by existing instructional design models. Problems suitable for the sys-
tems approach include many unknowns and uncertainties, which make the problem
unique and which influence the order of problem solving, so that one of the major
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activities of the solver is always to decide which part of the problem to attack next.
This is a quality in the solving of instructional design problems that might be
reclaimed, as described later.

Bannan-Ritland (2003) suggests that design leading to educational interventions
should “move past isolated, individual efforts of design research” and undertake
research “that considers both field studies and experimental research methodolo-
gies” (p. 21) in programmatic rather than piecemeal studies. What this means to the
instructional designer is that every design is an opportunity to learn something from
having designed and that chained design efforts over time can be used to create new
knowledge, about instruction and about design, much as would occur in an applica-
tion of the systems approach.

The tendency in instructional design to reduce the systems approach to a process
or a model can be reversed by considering each new project and each new design
problem as a type of small-scale research and an opportunity to learn about design-
ing. What has been learned from past projects can be chained with what is learned
from the present project. Bannan-Ritland (2003) proposed that the challenge to
instructional designers is to “draw[s] from traditions of instructional design...prod-
uct design...usage-centered design...and diffusion of innovations...as well as
established educational research methodologies....” (p. 21). Design-based research
restores a larger perspective that is lost when the scope of reference is the single
project. Bannan-Ritland’s comparison of instructional design with research and
development processes from several other fields defines a trail of breadcrumbs for
researchers in instructional technology.

ISD Process View

A third view of instructional design is the one most familiar to most designers—
instructional design models. Instructional technologists at first enthusiastically
embraced the systems approach, but it was so complex as a process that designers
interested only in creating a product found the tool too large for the job. Not every
designer had the goal of creating new knowledge on every project, and most worked
under heavy resource constraints and client product expectations.

A process of simplification began to temper the demands of the systems approach
and create a design process that fit the hand of this more practically oriented
designer, who often worked alone or with a small team. This set off a trend toward
instructional design models that bore the title “systems approach” but that increas-
ingly lost resemblance to it. In this melee the original aims, methods, and spirit of
the systems approach were largely lost, though the title of “systems approach” was
retained. In the hands of average users, design models nominally based on the sys-
tems approach became more like formulas to be followed than a method of robust
and unpredictable interdisciplinary problem solving (Gibbons et al., 2013; Smith &
Boling, 2009). Figure 2 gives a composite view of the core elements that were
explicitly part of or implied by design models proposed during this period.
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Fig. 2 A composite instructional design model showing the relationship to front-end analysis and
after-project implementation, evaluation, and life cycle maintenance processes from Gibbons (2013)

The elements of this model should be sufficiently familiar not to need enumeration
for this audience. What is important is that the model concept became so prevalent that
for almost 50 years it was regarded as the orthodox approach to instructional design.

Numerous textbooks were written—at first for practicing designers, but eventu-
ally for novices and school teachers —describing a mostly standard process. What
tended to vary from model to model was the grouping of design tasks. In this way,
what was originally promoted in the name of the systems approach began to look
little like its namesake. Design models became associated with the designations
instructional systems design/development (ISD) and ADDIE. Gibbons et al. (2013)
give a more detailed description of model proliferation.

The introduction of instructional design models was a major step forward for
what had been a relatively disorganized instructional design world. But no sooner
had the innovation of design models become popular than some problems became
apparent. Many designers began to notice that what the ISD model told them to do
didn’t match what common sense and expediency told them they had to do to get the
job done. The ISD narrative didn’t describe what they really had to do in the real
world (Cox & Osguthorpe, 2003; Rowland, 1992; Yanchar et al., 2010). Often
designers found that the models led them to certain kinds of solution more easily,
and over time design solutions began to look more and more similar.

At the same time, it became harder to design other kinds of things, such as simu-
lations, collaborative learning, and games. Designers also found ISD models hard to
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apply in projects for culture, attitude, learning in informal settings, and other
socially contexted and learner-centered methods.

Designers noticed that design projects were accompanied by decisions that had
already been made, which seemed to eliminate the need for some design processes,
but models didn’t explain how to adapt themselves to these unexpected situations.
Some model builders (mostly large organizations) took the specification of ISD
processes to the extreme, defining processes in such great detail that the documenta-
tion of the process stood taller than the designer who used it. Some organizations
insisted that the model processes be applied exactly as specified, leaving the designer
no latitude for invention, innovation, or adjustment. Designers following process
models discovered that it was hard to know how to inject theory into their designs,
especially since many models came to include built-in theoretical commitments.
Finally, some designers felt that ISD described how to carry out administrative and
managerial functions at the periphery of the design without telling them how to
actually determine the structures and details of a design.

Over time, the design model became recognizable as a special case of a general
engineering model, adapted for application within instructional design and not an
instance of the systems approach. Models from the very beginning (with Gagné and
later with Briggs) incorporated domain-specific assumptions that limited their gen-
eralizability. For example, task analysis appeared in Gagné’s original man-machine
process formulation, despite the fact that not all design problems yield appropriate
results when task analysis is used. Over time, highly simplified models created for
use by untrained designers became the most well known. For example, the
Interservice Procedures for Instructional Systems Development (IPISD; Branson
etal., 1975) promulgated by the Army Training and Doctrine Command. Simplified
models became used by constraint by a large number of novice military and govern-
ment designers as cookbooks, so they became the most familiar face of instructional
design to a large number of practitioners, many of whom later decided to make a
career of instructional design in the growing commercial world.

The history and prevalence of instructional design models is one of the reasons
for a conference on the future vision of instructional design such as this symposium.
Placing design models in perspective with other design descriptions is one of the
purposes of this paper, and that requires elevating other views of design, since mod-
els have been the predominant theme in the instructional design process literature
for over 40 years.

Functional-Modular (Layer Design) View

A fourth view of instructional design can be termed a functional-modular view. This
view is based on analyzing the functions of the designed artifact. It is based on the
philosophy that designed artifacts can be characterized in terms of decomposable
functional “layers” within which the designer addresses more detailed design
questions (Gibbons & Rogers, 2009).
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To obtain the benefits of layered design, one does not give up ISD design princi-
ples, since a general engineering process still raises important questions during design
creation, especially at the higher levels of design project management. However, the
order of design decision making changes at more detailed design levels.

The functional-modular view of design assumes a distinction between scientific
and technological theory and that there are at least two types of technological the-
ory: design theory and domain theory (Gibbons & Rogers, 2009). Instructional
theory is a type of domain theory. Instructional theories are instances of domain
theory; they pertain to the design of instruction and supply the elements incorpo-
rated into designs.

Functional-modular (layer) theory, on the other hand, is a design theory. It cre-
ates an architectural framework within which multiple domain theories pertaining
to each layer can populate the design.

Functional-modular theory is applied in fields other than instructional design: in
business, computer design, software design, architecture, and engineering. Examples
of this include:

e Donald Schon (1987), in Educating the Reflective Practitioner, describes how an
architectural design problem consists of numerous subproblems, each having its
own principles, standards, and design terms, specialists, and domain theories.

e Stewart Brand (1994) likewise describes the layers of a building’s design, noting
that when a designer uses layering deliberately, a building’s usable lifetime is
extended because as layers aged unevenly they can be changed independently
without destroying the entire edifice.

e Baldwin and Clark (2000) describe how the principle of modularity, which is
based on the principle of design layers, is the economic factor that made the
modern personal computer, with its replaceable functional modules (boards,
drives, etc.), possible. Early computers were monolithic in their designs, so
changing one part of the system meant disrupting the whole system design.
Functional-modular separation changed that irreversibly.

e Fowler (2003) describes the enterprise architecture of software that increasingly
forms the core mechanism that businesses use to carry out their essential func-
tions. He explains the structure of this software in terms of three main layers
which can be changed independently: “most nontrivial enterprise applications
use a layered architecture of some form....” (p. 2).

* The software that forms the Internet is structured in terms of functional layers.
Software protocols, the bits of software by which the Internet works, carry out
their functions within the structure of multiple functional layers. Competing
layer models have been proposed, some with four layers, some with five, and
some with seven.

e Ericsson and Erixon (1999) describe the concept of modular product platforms,
a design principle that considers a marketable product to consist of a family of
reconfigurable components that can be assembled in different combinations to
form different versions of the product. Separation of modules is a layering pro-
cess. A module, or layer, may be defined for many different reasons, based either
on conceptual or practical concerns.
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Uyemura (1999) describes the value of thinking in terms of design domains with
reference to digital system design:

The detail of interest to you at a particular time depends on the level where you are working.
Sometimes you will be interested only in the overall function of a complex unit, whereas at other
times you may need to understand every element that goes into making a basic unit. The power
in this approach derives from the fact that the important aspects vary with the level.... (p. 18)

There is evidence that instructional designers tend to think of designs in mono-
lithic, unsubdivided terms. Frequently designers will refer to the configuration of
their design in terms of a dominant school of thought, such as “this is a constructiv-
ist design” or “this is direct instruction.” As Uyemura shows, this is not true in other,
more mature design fields. Automotive and aeronautical designers think of their
designs in terms of the systems and subsystems they incorporate. An auto designer
might be expected to describe several subsystem influences on the design: “This
model has rack and pinion steering, a V-6 overhead cam engine, manual transmis-
sion, and is equipped with the stabilizer package.”

The instructional design field will gravitate toward more detailed descriptions of
designs as the field matures and it becomes commonly understood that many subsys-
tems are required to complete a design, each part of the design being dominated by
its own design theories and philosophies. This evolution, which is already underway,
has escaped notice. Instructional design teams today consist of multiple specialists
representing multiple specialized domains, including artists of specialized kinds,
writers, assistant designers, subject-matter experts, programmers, assessment experts,
evaluators, and implementation specialists. Each of these roles contributes expertise
to one or more layers of a design using principles and theories that pertain to just their
specialty. The more complex the design, the larger the number of specialists required.

Layer design theory as described by Gibbons and Rogers (2009) names seven
design layers, or domains, of an instructional design explaining that there may be
more or fewer layers, depending on the insight of the designer. These layers repre-
sent major functions carried out by an instructional artifact. Each layer represents a
subproblem of the original design problem, and each layer in turn decomposes into
sub-layers that have all of the properties of a layer. Figure 3 illustrates the following
layers named by Gibbons and Rogers:

* Content layer. An instructional design contains —implicit or explicit—a descrip-
tion of the structural nature of that which is to be taught. There are implicit or
explicit units into which the subject matter and performances are divided.
Teachers divide subject matter into parcels that associate with units, lessons, and
activities. Instructional designers identify facts, concepts, tasks, rules, and so
forth, and associate them with behaviors to form instructional objectives, but the
content structure is only one element of an objective.

e Strategy layer. An instructional design must specify the physical organization of
the learning space, the social organization of participants, their roles and respon-
sibilities, instructional goals that consist of a content element and a performance
element, the allocation of goals to time structures called “events,” and strategic
patterns of interaction between the learner and the instruction. These things are
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Content
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Data Management

Fig. 3 The system of major layers proposed by Gibbons and Rogers (2009). Different designers
perceive different layers, and layers subdivide as new technical and theoretical knowledge emerges
or according to practical considerations from Gibbons (2013)

the concerns of the strategy layer. This layer has many sub-layers, each one
corresponding to the concerns just listed and more.

* Message layer. A design must specify the units of tactical communication—the
elements of the instructional conversation. These are the message structures
through which the instruction communicates with the learner in a conversational
manner. The units identified within the message layer are chosen because of their
ability to carry out the larger strategic plan at a detailed exchange-by-exchange
level.

e Control layer. A design must specify the control devices through which the
learner expresses messages and actions to the instruction, along with a language
that attaches meaning to inputs from the controls so that the learner’s meaning
can be analyzed and interpreted.

* Representation layer. A design must specify the representations that make mes-
sage elements visible, hearable, and otherwise sense-able: the media representa-
tion channels to be used, the rule for assigning message elements to media
channels, the form and composition of the representation, the synchronization of
messages delivered through the multiple channels, and the concrete, tangible
representations of content.

* Media-logic layer. A design must specify the rules and mechanisms for execut-
ing the functions of all of the other layers as well as the rules and mechanisms
for communications with the environment outside of the instruction.

* Data management layer. A design must specify data to be captured, archived,
analyzed, interpreted, and reported.
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Layers are a natural result of the evolution and maturation of a design field.
Layers emerge as new technological knowledge accumulates. The list above does
not constitute a single, “standard” set of layers, because not only are designers’
perceptions of useful layers in a state of constant change at the detailed level, but
every layer is subject to splitting into sub-layers, modifying, and growing as techni-
cal knowledge and theoretical insight grow.

Moreover, different designers can “see” different layers. They may see the layers
that other designers see, but some designers “see” additional layers that others have
difficulty discerning. To that extent their layer definitions are different from those of
other designers, and to the extent that these are useful and productive layers, they
constitute the designer’s competitive advantage: a value-added. Private layers allow a
designer to think about design in more detail and nuance, and they lead to new design
experiences, new experiments, which lead to new design insight and understanding.

Shared or public layers give a designer the ability to subdivide large design prob-
lems into smaller, solvable problems without losing the integrity and coherence of
the larger design. They give a design team a common set of languages for describing
the entire design as well as its constituent sub-designs.

Architectural View

A fifth view of design is the architectural view, as described by Blaauw and Brooks
(1997). The architectural view describes how a designer can bring abstract ideas
into a design in a way that gives coherence to the design, and this happens at the
finest level of detail, at the heart of the design.

Blaauw and Brooks, who are computer designers, distinguish three stages in the
evolution of a design: architecture, implementation, and realization. These are
stages of design, not manufacture, and they are accomplished in parallel, interacting
with each other, with the designer moving from one to the other as understanding of
the design emerges. These stages involve design decisions at different levels of
abstraction. They attempt to describe how a vague idea emerges from the fog in a
designer’s mind, takes shape, and eventually hardens into a plan—a design. The
designer’s mind moves back and forth between these stages, and they mutually
influence each other.

The three stages of the evolution of a design are described using the example of
designing an analog clock (one with hands):

* Architecture. The architecture of an analog clock consists only of (1) pointers or
indicators to register the current hour and minute and (2) the spatial positions on
the clock that correspond with hours and minutes—spatial positions that the
pointers or indicators can be made to designate at a given moment.

» This specifies the clock’s (1) conceptual structure and (2) functional behavior as
seen by the user, but nothing more. Notice the things that are not mentioned in
this description of the architecture: not the size and shape of the hands, their
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placement, their pattern of motion, their direction of motion, their color, the
material they’re made of, nor their style, not the placement of the numerals, or
whether there will even be numerals. The architecture describes the clock only in
terms of those abstract functions essential to time-telling. Moreover, the descrip-
tion of the elements of the architecture is completely free of detail. There is no
mention of dimension, physical structure, nor any property.

» Implementation. The implementation describes the mechanisms of the clock and
how they operate together. It describes how the clock’s functions (described in
the architecture) are made to happen. These mechanisms are described in terms
of energy and information transmission.

e Blaauw and Brooks show several ways the abstract architecture could be imple-
mented for a clock. They point out that the key elements of this particular imple-
mentation problem are (1) how to power the movement of either the pointers or
the things pointed to and (2) how to transmit that power through a mechanism
that causes the pointer or pointed-to to be in the correct position at any given
time. Notice that this divides the clock design problem into two fairly indepen-
dent subproblems—the power mechanism and the motion mechanism. Notice
also that there are again no surface details specified. Blaauw and Brooks explain:
“the implementation...is the logical organization of the inner structure of a
designed object” (p. 5, emphasis added). That is, how the clock is made to tell
time. Consider at this point how many different surface designs of clock could
be generated from this level of abstract description. This is the generative kernel
of the design. Together, the architecture and the implementation embody the
operational principle of the design as it is described by Polanyi (1958) and
Vincenti (1990).

* Realization. The realization describes all of the remaining details of the design.
(Remember that this is still just design, not manufacture.)

Blaauw and Brooks call these the design’s “geometries, strengths, tolerances,
and finishes” (p. 5), which includes the physical placements of individual design
elements, their connections with each other, their material specifications, their size,
shape, color, texture, and appearance. Blaauw and Brooks point out that if the clock
is to be handmade, some of these realization decisions may be left undefined and be
allocated to the craft worker (who is both a detail designer and a manufacturer).
If the clock is to be mass-produced, however, the realization of the design is
completed to the minutest detail and fully documented, ready to be sent to
manufacture.

Both the architecture and implementation stages of a design are abstract. A nov-
ice designer does not normally think in abstract terms, but an expert designer is able
to. It is, in fact, one of the indicators of an expert instructional designer to be able to
see below the surface of the design into its interior—to the abstract parts of the
design that represent why it works. These inner workings operate by conveying
energy and information. They determine how energy and information are trans-
ferred, transformed, stored, regulated, and delivered to where they are to be applied.
This idea is elaborated below in the discussion of operational principles.
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Team Process

A sixth view of design can be called the Team Process view. Most instructional
design is carried out by multidisciplinary teams. Just as there are private design
skills, there are also team design skills.

Team design is a method for disciplining and coordinating the creative efforts of
design team members across several phases of activity. Bucciarelli (1994) describes
the challenge of coordinated effort and shared mindset within a design team:

Shared vision is the key phrase: The design is the shared vision, and the shared vision is the
design—a (temporary) synthesis of the different participants’ work within object worlds.
Some of this shared vision is made explicit in documents, texts, and artifacts—in formal
assembly and detail drawings, operation and service manuals, contractual disclaimers, pro-
duction schedules, marketing copy, test plans, parts lists, procurement orders, mock-ups, and
prototypes. But in the process of designing, the shared vision is less artifactual; each partici-
pant in the process has a personal collection of sketches, flowcharts, cost estimates, spread-
sheets, models, and above all stories—stories to tell about their particular vision of the
object.... The process is necessarily social and requires the participants to negotiate their dif-
ferences and construct meaning through direct, and preferably face-to-face exchange. (p. 159)

The team innovation process can be described as repeating cycles of activity for
(1) the conceptual unfolding of the design and (2) the day-to-day management of
schedules, people, resources, and client relationships. These come together to define
a process that alternates between (1) periods of specialty design activity carried out
by individuals and (2) periods of team-led integration, refactoring, and fitting of
sub-designs together and then evaluating the design by the team as a whole. Judging
takes into account the changing environment of the design, including stakeholder
criteria and resources.

The alternation between specialty design and joint fitting of the design elements
with each other takes place in a constant cycle of low-stakes specialty-to-specialty
collaborations and high-stakes integration and judging events. This reverberating
process refines, focuses, disciplines, and eventually produces a final design. Part of
project planning involves deciding the frequency of these cycles. Informal events
may take place daily, but design team leadership sets schedules for major design
coordination and integration points. Projects using virtual teams must pay more
careful attention to the timing and scheduling of formal design coordination events.

Operational Principle View

A seventh view of design pertains to abstract concepts called operational principles
and how they are incorporated into designs. The best way to see operational prin-
ciples at work is to examine a Rube Goldberg machine at work. Goldberg machines
are seen more commonly of late—from elaborate contraptions in music videos to
serious educational use of them in teaching STEM subjects, where learner-produced
contraptions are used in design and problem solving.
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In a Goldberg machine a trigger event sets off a chain reaction of other events,
until some trivial action occurs—a plate is washed, or a shoe is polished. Though
Goldberg machines involve concrete things like wood, metal, and animals, these are
concrete manifestations that hide inside something more abstract and invisible: the
transfer of energy and information through a chain of events to a final destination
where they accomplish some desired outcome. In physics terms, these physical
machines deal with potential and kinetic energy and their transfer through the inter-
action of mechanisms.

At each point in an event chain, energy is supplied at a mechanical part and
passed along the chain. What you see in a Goldberg cartoon is a physical embodi-
ment, but what you don’t see is the invisible transfer of energy and information that
occurs as springs pull trap doors open and levers are pressed. Ironically, though we
feel we see how the machine does its work, a physicist would say that it is the invis-
ible transfers of energy in Goldberg machines that actually do the work.

A Goldberg machine can use basic principles like lever, spring, and inclined
plane in multiple places in the same contraption; in one place it looks like a trap
door, and in another it looks like a teeter-totter. The abstractions behind the surface
manifestations are referred to as operational principles. Operational principles exist
in every energy-using system. Operational principle is a term proposed by Michael
Polanyi (1958) to describe how things can be made to work. It is not a scientific
concept but a technological one. An operational principle is an abstract germ of an
idea used at the of a design to generate a hundred or a thousand different surface
designs, all based on the same underlying principle of operation.

For example, designs of virtually all airplanes today are based on a single opera-
tional principle identified by George Cayley in the early 1800s. Cayley refined the
challenge of flight into a single solvable problem statement: “to make a surface
support a given weight by the application of power to the resistance of air”
(Vincenti, 1990, p. 208). Note that Cayley’s principle does not specify the size,
shape, material, or relative dimensions and proportions of the surface or size of the
power source.

What Cayley devised was not the design for a single airplane but the essential
pattern for a million airplane designs—a basic pattern of the distribution and bal-
ancing of forces from which an endless number of specific designs could be gener-
ated. When the Wright Brothers flew successfully, they credited Cayley’s idea,
which they incorporated into all of their machines. When Curtiss improved the con-
cept of flight controls, it was on a plane designed according to Cayley’s operational
principle for flight. As the variety of specific flyable designs multiplied, virtually all
of them incorporated Cayley’s operational principle. Today, thousands and thou-
sands of specific airplane designs exist, all based on Cayley’s principle, from the
smallest experimental craft to the largest passenger liner.

Different values can be assigned to the variables of a Cayley design:

e The placement of the engine (forward or backward-facing, centered or distrib-
uted on the wings)
* The placement of the wing surface (above the body, below the body, forward, aft)
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* The shape of the wing (flat, thick, tapered)
* The type of power used (reciprocating, turbine, jet)
e The means of propulsion (propeller, jet exhaust)

Everything is free to vary that does not nullify the central operational principle.
This is what makes the number of possible combinations multiply.

Rube Goldberg machines and airplane designs are relevant to a discussion of
instructional design because every human-made artifact incorporates one or more
operational principles. Therefore, designed instructional products have their effect
through an operational principle that defines the transfer of energy and information
through actions and artifacts and the sensations they produce. Clark (2009) describes
the operational principle concept, calling it the “active ingredient.” Clark describes
a systematic, four-stage research and development cycle that can be used to isolate
“active ingredients” of instruction through experiments and then apply them in real-
world settings: ““...Active ingredient analysis...yields a recipe for constructing [a
new] intervention that reflects the critical elements of the [laboratory] intervention
that worked under controlled conditions” (p. 17).

Clark says that caution “must be exercised so that we do not simply group the
treatments that share the same name” (p. 13). He warns against using common
labels of things that resemble each other on the surface. What we should learn to
see, he says, is “both novel and critical” and “we must look more deeply” (p. 13).

Effective intervention design requires identifying the “active ingredients” or the key struc-
tural elements of the interventions or research treatments that have been found in...experi-
ments to influence our chosen outcomes. ... There are no rules yet for conducting this kind of
analysis, but it is clear that we must look beyond the labels researchers give to their treat-
ments in published articles and analyze the operations they implemented and their presumed
impact on people and organizations.... The active ingredients we need as the core of a new
technology are the causal agents in the experiments that were surveyed in [research]. We have
evidence that these ingredients influence the problems we want to solve at the deepest struc-
tural level and so they must be the centerpieces in a solution. (pp. 13—14, emphasis added)

An instructional design incorporates an operational principle. It can transfer,
transform, and conduct energy and information through a series of physical and
intellectual mechanisms invisibly to bring about a desired result. When designs
work, it is not by chance, it is because there is an operational principle active. Every
design that achieves its intended results does so through an operational principle. If
a designer designs without awareness of operational principles, an effective design
will still achieve its effect through the operational principle incorporated into the
design without the designer’s explicit knowledge of it.

It is possible to discover the operational principles of a working artifact through
a method of subtraction. A design that works can be whittled down in successive
trials until it breaks and no longer works properly. At the point of breakage, some-
thing essential has been lost and has to be restored. The boundary of a principle has
been crossed. Then trials continue, dissecting out other features until they break.
This method works in a practical setting—usually over the span of multiple trials,
such as in rapid prototyping or multiple evaluation and revision cycles. If designers
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can identify the operational principles they use in advance and apply them in a
deliberate manner, the number of required cycles can be reduced.

An example of applying an operational principle would be represented by adopt-
ing “conversation” as the most basic design commitment and causing all other
design considerations to revolve around it. Everyday conversations represent a
dynamic and temporary structure held together by invisible forces of attraction and
repulsion. Attraction is analogous to a magnetic or gravitational attraction between
people. The opposing force of repulsion consists of anything that reduces commit-
ment to the conversation: boredom, conflicting goals, or discomfort. There are many
ways of establishing and maintaining attraction during an instructional conversa-
tion. At the same time, the opposite forces of repulsion are in competition, tending
to drive the conversation apart. These forces—attraction and repulsion—hold the
conversation together in a kind of dynamic tension so long as the feelings of attrac-
tion are sufficiently strong on both sides of the conversation.

If we were to compare this with the operational principle of Cayley and the vari-
ables that influence aircraft design, we would search for force-creating instructional
acts that can be substituted into the attraction and repulsion sides of the equation. In
a separate publication (Gibbons, 2013), I propose an extensive list of actions that
create attractive and repulsive forces that can exert sustaining influence on an
instructional conversation. A shorter list of these is provided in Table 1, which
shows how they pertain to holding together a conversation at the beginning, in the
middle, and at the end.

How does the operational principle concept relate to stock literature terms such
as “motivation,” “engagement,” “participation,” and “interaction”? These terms are
used to describe goals and methods of instruction. They represent ideals.
Operational principles describe the actions and therefore the forces behind these
terms that allow them to be realized. They describe the inner working of emotional
and intellectual forces that influence moment-by-moment changes in the learner
and sustain the learner’s commitment to exercise the agency to remain in the
conversation or refuse it.

The entries included in Table 1 do not constitute a philosophical or theoretical
statement beyond a commitment to the concept of conversation as the metaphor of
instruction. They illustrate how individual actions during instruction introduce
pulses of energy or information into an instructional conversation, either strength-
ening its attractive force or reducing it. For example, substituting “invite” for “com-
pel” gives a much different dynamic to the conversation. A designer of
“problem-based learning” may use “compel” rather than “invite,” but it can be seen
that different forces are set in motion by this choice.

It is no wonder, then, that with many such substitutions possible during the
design of problem-based learning, there is great variability in problem-based learn-
ing research findings. It seems worthwhile, therefore, to consider describing instruc-
tional treatments in research reports in sufficient detail to allow the reader to
discover firsthand the operational principles embedded in the treatments as easily as
we read a Rube Goldberg contraption.

99 <
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Table 1 Representative actions on both sides of an instructional conversation that either increase
attraction or increase repulsion during different stages of an instructional conversation

Possible instructional action Possible learner actions

Initiating the conversation

Invite Contact Rouse Desire Show interest Attend
Tantalize Welcome Entice Continue Respond Refuse
Announce Entreat Startle Ignore Answer Notice
Approach Puzzle Offer

Wake Appeal

Securing commitment to continue

Propose Challenge Persuade Counter Accept Refuse
Suggest Bargain Counter Decline Trust Contract
Promise Retract Request Consent Continue Join
Agree Contract Specify Bargain Propose Request
Pester Offer Require Ask

Fascinate Enlarge Excite

Conducting the conversation

Display Respect Exhibit Plan Analyze Deduce
Assist Scaffold Anticipate Imagine Suggest Deliberate
Reason Aid Praise Produce Act Choose
Counsel Adjust Provide Meditate Use Ask
Debate Encourage Judge Practice Exercise Consider
Charge Reassure Cooperate Interpret Invest Respect
Argue Portray Feedback Debate Trust Digest
Honor Serve Set stage Theorize Notice Discover
Adapt Comfort Explain Decipher Connect Try
Introduce Cite Measure Respond Explore Observe
Dare Discern Test Question Cooperate Converse
Inspire Uplift Critique Dispute Experience Disregard
Dramatize Collaborate Guide Cooperate Reflect Anticipate
Model Socialize Refer to Articulate Collaborate Investigate
Transferring responsibility to the learner and terminating

Culminate Agree Evaluate Assess Celebrate Award
Finalize Rate Certify Validate Reminisce Commit

Design Language View

The eighth view of design can be referred to as a design language view. Design is in
one sense a linguistic exercise, but the terms of designing do not necessarily exist in
written language. They exist in the many public and private design languages in the
mind of the designer and in the shared, public concepts of a profession.

An observer watching an animated robot dressed as Abraham Lincoln can main-
tain detachment, realizing that the robot consists of individual joint articulations,
each of which has only a few position states. An animated fountain likewise is made
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up of perhaps 300 identical water jets, each of which has only about ten distinct
spurt patterns. The observer realizes that what seem to be moving walls of water are
simply the coordinated actions of patterns of jets which have been timed precisely.
Likewise, the robot’s seemingly human postures and movements are synchronous,
timed sequences of relatively uncomplicated joint motions.

These examples provide an insight into one aspect of design languages: Designers
join together relatively simple primitive elements into structures whose enacted
experiences convey information and produce emotions. At one end of the spectrum
of abstraction are design language terms that define composite effects: “walls” of
water, moving “shapes,” playful “randomness,” and awe-producing “order” —all
calculated to produce an emotional reaction. The viewer recognizes these as sym-
bols seen in the everyday world, and so they are gross terms the designer uses to
convey a message to and evoke an emotion in the viewer.

The designer may have a name for each effect. But the designer may also have
names for the individual elements—abstractions at a different level of detail —that
lead to these effects: the crooking of a finger, the lifting of an eyebrow, and the rotation
of the neck joint. These are much more detailed and mechanical terms in a design
language for robots. The creation of the grand effects from small mechanical motions
involves the conscious use of design language abstractions at multiple levels—terms
that can be given names so that a team of designers can express and talk about an
evolving design both in detail and in broad terms. In the process of calculating an
effect, there may be translations required between languages at these different levels.

The value of design languages is found as much in their translation uses as in their
communication uses. The mechanical acts of the robot do not create the desired
effect when they are performed randomly. Only when they are part of a larger pattern
do they come to have impact. In order to achieve this impact, the designer must
translate the terms of a grand effect—the sweeping gestures, the expressions—into
individual robotic motion acts and sequences of acts. In the end, the robot has no
idea of the experience it produces for the user, but it faithfully performs its individual
acts, and the effect of the suite of acts produces the effect: Viewers feel emotion and
obtain information.

Design languages evolve as a technology matures. One measure of the maturity
of the design field is the precision with which designers can discuss their designs in
design language clearly and unambiguously. Design languages not only allow pro-
fessionals to communicate generally about their work, but individual teams use
design languages by inventing additional terms shared only by the team. Sometimes
design languages are used in a closed circle to describe trade secrets which consti-
tute a source of advantage. In the past such languages provided the basis for craft
guilds to protect against competition and retain economic advantage.

A design language is a set of conceptual building blocks for describing designs
and the conduct of designing. The vocabulary of a design language exists in two
senses: (a) as thought structures in the mind of an individual and (b) as named enti-
ties that have verbal or symbolic identifiers that make them public. Every designer
possesses and uses a number of design languages, though few designers are
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conscious of them as languages. Not all design languages have specific verbal terms.
That becomes evident when two designers are conversing about a possible alterna-
tive and one or the other begins to use hyphen-connected phrases (e.g., “that-thing-
we-did-on-the-last-project”). Many language terms born as hyphenated phrases are
later given a single-word name as usage of the innovation catches on and people
need to talk about it more often.

Public design languages use the syntax of a native language, substituting design
language terms—which are nouns, verbs, and modifiers—into standard sentence
patterns. When this happens, a conversation between two professionals becomes
hard to interpret. Multiple design languages are required in designing an artifact.
When Edison first began to invent, he had no idea of the number of design lan-
guages this would eventually entail:

... Technologists [like Edison] are tied into less obvious meaning systems [professional
worlds] for the development, appreciation, production, funding, operation, maintenance,
social control, evaluation, and distribution.... These...functions are likely to be distributed
among different groupings in society.... Paper must be filed with financial backers, govern-
ment regulators, technical R&D departments, sales forces, material suppliers, production
machinery producers, and shop floor designers. (Bazerman, 1999, pp. 336-337)

Edison’s light bulb invention spawned hundreds of design language terms: bulb,
filament, base, contacts, and so forth. These of necessity found their way into the
documentation of many other team members responsible for placing the light bulb
on the market and into homes, offices, and workshops. As the technology continued
to develop, additional terms perforce crept into usage because additional new parts
of the invention also had to be named: socket, lead, terminal, connector, switch, and
so forth. In the end, an entire electrical generation and distribution system had to be
created, along with a multitude of new design language terms.

New design languages and language terms come into being in many ways,
including the following examples:

e With the introduction of a new theory

e As growing expertise creates new technical concepts

* As new instructional techniques are developed

* Asnew hardware and software concepts are introduced
* Asnew kinds of artifact evolve

* As authors invent new terms in the literature

* Asnew theories are developed

* As professional cultures develop

* Asnew patterns of product usage are invented

Some design language terms are not shared with others, either because they are
subtle and we find it hard to articulate them or because we choose not to share them
in order to preserve an advantage. The continuous evolution of design languages,
expressed and unexpressed, is the key to continued learning and improvement in
any field.
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Conclusion

The views of design in this paper join other views described in this symposium.
Together they suggest how conceptual tools from multiple design disciplines can
inform the thinking of the instructional designer. Instructional design can and should
begin to tap into the relevant literature from other design fields.

A shift can be seen toward design processes that make use of traditional, classical
concepts while encouraging the inclusion of new, imaginative processes and struc-
tures not suggested by traditional approaches. This paper encourages us to consider
design as a bridge between a completely conceptual world of vague theoretical
ideas on the one hand and a completely practical physical world of results and goals
on the other.

Design by its nature begins with fuzziness. It is the process of drawing out of
nowhere solutions to practical problems through the creation of artifacts, processes,
and experiences. It is in this respect an act of magic. This sleight of hand becomes
possible only as the designer begins to see things that others can’t see or didn’t see
and learns to manipulate invisible structures of experience.

Seeing, to a designer, must take place at different levels of scale. It must employ
gigantic levers in the form of experiences that last days, weeks, or even years. At the
same time, it must be sensitive to minute forces set in motion by a glance, a word,
or a motion.

The designer’s seeing must also encompass the very abstract and the very con-
crete without being seduced by the very concrete. The history of technology in
general, and in individual fields specifically, records in every case a journey from
robust concrete concepts to wispy, ethereal abstractions. The progress of a technol-
ogy depends on this journey. The digital computer as a concept began with the quest
for mechanical devices to perform mathematical calculations. Who would have in
those days imagined that the concept of a computer would ultimately be expressed
in device-less terms: in the form of a model whose many subsequent realizations in
device form would outlast generations of changes in device technologies, with little
need for revision of the original conceptual model?

The imaginations of instructional designers, especially novice designers, are so
easily captured by the allure of the “bright lights and loud noises” offered by today’s
production technologies that it takes experience to see beyond these things to the
invisible qualities of a design that really matters. Nor is this descent into the rabbit
hole of abstraction one where a designer ever touches bottom. Hence, the reason for
every designer to be taught from the beginning that design expertise is not a destina-
tion but a lifelong commitment to constant refinement of the ability to observe and
notice things that didn’t seem to be there before.

Add to this the complication that an advancing technology of design is no longer
a singles sport. The lone designer who could do it all is an extinct species. The
social nature of designing makes it therefore, in one view, a linguistic exercise in
which the dual challenge is to bring the thinking of a team into focus —both to allow
the cross-specialty communication of technical aspects and to allow the sharing of
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visions and imaginations that lie entirely within no one’s particular domain. Instead,
new domains are invented as designers see more.

This paper began by describing a need for better, more robust descriptions of
design to feed the growth of experienced designers as well as educating novices.
Perhaps by teaching richer views of design, simplistic conceptions of design can be
avoided among new designers, and the lifelong growth can become an expectation.
Perhaps also experienced designers can find questions to advance their personal
insights that will lead them on and on throughout a career of discovery that gives
them the value as a professional rather than as a craft worker. For instructional
designers of both types, it may be that this fascinating journey is just beginning.
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Enthusiasm is growing within the field of instructional technology for the adaptation
of knowledge and approaches from other fields of design into our efforts to prepare
instructional designers for practice. Among this knowledge and these approaches,
there is particular interest around studio pedagogy (Shulman, 2005). This enthusi-
asm accompanies concerns that design is not sufficiently well understood within our
field (Smith, 2008), taught in ways that do not address the realities of practice
(Bichelmeyer, Boling, & Gibbons, 2006; Cox & Osguthorpe, 2003; Rowland, 1992;
Tracey & Boling, 2013) and, while different in many ways across domains, similar
in its fundamental nature across domains (Cross, 2006; Goel, 1997; Nelson &
Stolterman, 2003; Brandtet al., 2013) are studying studio pedagogy across several
domains of design education—including instructional design and technology —and
identifying its critical characteristics, including surface features, pedagogy and
epistemology, studio habits, and professional practice. Many of these are implicit in
discussions of design pedagogy in fields outside ISD (Lawson & Dorst, 2009) and
perhaps assumed to be universally understood, but a recent panel on studio approaches
in the field of ISD (Hokanson et al., 2011) illustrates that the understanding and
enactment of studio pedagogy also differs a good deal from one institution to another.
Differences include variations in facilities and technologies, structure of design
briefs (assignments), use of and approach to critique, and guidance in projects.
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Those who use studio approaches in traditional domains of design have also
addressed some of its shortcomings. Some key concerns have included questions
about the efficacy, consistency, and transparency of critiques (Anthony, 1991;
Webster, 2007; Wilkin, 2000), the tendency to emphasize the physical characteris-
tics of design solutions while minimizing or ignoring social and political issues
(Salama, 1995), and the development of a disciplinary culture which focuses inward
instead of on clients and their concerns (Nicholson, 2000), including counterpro-
ductive stress, difficulties adapting to new technologies, cost of facilities, and more
(Mewburn, 2010). As budgets at academic institutions tighten and the range of
desired competencies for designers expand, design educators who utilize the tradi-
tionally time- and space-intensive studio models face pressures to justify costs of
facilities and to increase student—teacher ratios (Morgado, 2009), while also strug-
gling to develop and maintain the expertise necessary to respond to the unpredict-
able nature of studio teaching (Salama, 1995). In many programs instructors observe
barriers to learning that their students face as they learn in a studio-oriented mode
(Mathews, 2010; Siegel & Stolterman, 2009). Conclusions reached by scholars and
teachers have been echoed and added to by students who report encountering diffi-
culties as they navigate the traditional studio learning environment (Chen, 2011;
Willenbrock, 1991). These kinds of observations suggest that, while studios have a
long and rich tradition, and bring with them many benefits, they should not be
adopted in (or adapted to) instructional design classrooms uncritically. This signa-
ture pedagogy should be utilized only with a clear-eyed view of its short-comings in
other settings, and implementations should be studied rigorously so as to fine-tune
adaptations in ways that maximize potential benefits and minimize potential prob-
lems. This chapter is based on the ongoing study of one such implementation and
uses the lens of action research to reflect upon 7 years of data, surfacing specific
questions about traditional assumptions in studio design pedagogy.

The authors of this chapter are engaged in a multi-year study (2005-2011) on the
design and implementation of, and activities in, a studio-based instructional graph-
ics course (Boling & Smith, 2009, 2010a, 2010b). The authors both learned in the
studio tradition at the college level, one in architecture and the other in fine arts
printmaking. Together with several authors, they have described their experiences
(Boling, 2005), which share a number of common features. These include easily
available and plentiful precedent (representations of designs), flexible workspaces
shared with other students, and available extended hours if not round the clock;
public display of work and public discussion or critique as a primary mode of
instruction; intensive practice in hands-on work; under-defined briefs (assignments
with minimal definition) for projects; and intense relationships with fellow students,
both more experienced and less experienced than each other. As described, these
features all interact with each other. Student relationships include competition, self-
reliance, and peer support—all fueled by the transparency inherent in public dis-
plays of work and the minimal definition of assignments. Students manage
assignments in part by the availability of precedent and by interaction (modeling
and direct instruction) with peers. Individual experiences are characterized by a
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conscious effort to establish an identity within the group of studio students and gain
respect for design skill or acceptance from the group for some recognized contribu-
tion. These experiences provide access to peer support and are intensified by long
hours of practice in common spaces.

At the launch of the course, our explicit intention was to infuse a studio experi-
ence into the 2-year masters program in instructional design. We chose the instruc-
tional graphics course for several reasons: It was an elective course and there were
no broader curriculum implications from tinkering with it; it could be taught in the
summer as an overload and therefore be offered whether minimum enrollments
were met or not; and it could be offered in the second summer term when a class-
room was available round the clock—not possible for any classroom available to us
during the other terms of the year.

When the elective instructional graphics class was re-launched as a studio course
in 2005, there already existed conditions within the larger instructional design
department that some educators might view as being consistent with, or even evi-
dence of, a studio approach to design pedagogy. For example, the required introduc-
tory instructional design course was oriented around team projects intended to be
similar to authentic work. In some previous terms it had included a few critique
sessions (although more often these were presentation sessions at the end of the
course), and the department provided workrooms for student teams from 8:00 a.m.
to 10:00 p.m. However, the inclusion of some “studio-like” surface features in the
existing introductory class were not sufficient for us to consider it a studio course in
the sense of our own experiences, and neither was the rest of the program.
Furthermore, the class included a number of features that were distinctly unlike
many of the studios we had experienced and observed in other design fields: Class
time included a good deal of lecture and, in spite of the authentic-style projects,
course activities were sequenced with easier tasks preceding harder ones and
according to a single process model. We never thought that revamping the elective
graphics course with the intention of providing students an 8-week, more thor-
oughly studio-like experience would instill all the skills and habits of thought
needed by designers, nor that it would or necessarily should entirely replace the
approaches learned in other courses, but we did discuss the possibility that students
would recall the studio experience after the class was over and rely on that experi-
ence as a base for extending their skills and their conceptions of designing.

The study described in this chapter is based on data from seven iterations of the
course, including student work and reflections, field notes (326 pages of notes cov-
ering years 2008-2011), and course documents. Over the course of the ongoing
study, the researchers have utilized a series of lenses with which to interrogate the
data for different kinds of insights. These have included the design activity frame-
work of Lawson and Dorst (2009), activity analysis (Yamagata-Lynch & Smaldino,
2007), and critical reflection (Carspecken, 1995) by the researchers. At the conclu-
sion of its 2011 implementation, 52 students have taken the course, with 51 partici-
pating in the study.
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Year Students
2005 9
2006 12
2007 5
2008 5
2009 10
2010 5
2011 6

Number of students enrolled in graphics course by year
Total students =52; students participating in study =51

As we enacted the course, we made revisions from one iteration to another.
These changes were in direct response to our own discussions and cycles of action
and reflection, informed by our intensive readings in the areas of design philosophy,
theory, and pedagogy, and based on documented activities of the instructor and the
students. In the first year, the course looked somewhat similar to our existing
instructional design courses. Major features included lectures on design principles,
demonstrations of techniques, multiple assignments focused on practicing individ-
ual skills, and specific deadlines for specific stages of projects. Its key studio com-
ponents included a large shared workspace with a worktable assigned to each
student; regular and public critique of work in progress; ample precedent material
in the form of images covering all the walls and contained over 100 design books in
an in-class library; and the requirement to collect instructional graphics (physically
or photographically) during the 8-week session. Over the seven iterations to date,
our revisions have resulted in a course design much closer to our conception of a
traditional studio class. No scheduled lectures or demonstrations are held. Fewer
assignments, defined in less detail are presented to the students with the open
requirement to make progress from one session to the next instead of any prescrip-
tion regarding project milestones or process. The instructor spends the entire work
period moving from one table to another confronting the problems that arise for
each student designer as their projects take shape, and the critique period guiding
discussion. Short, impromptu talks occur when a key principle comes up in the
context of work, or when multiple students have reached a similar impasse or
insight. Students spend a good deal of time showing each other practical skills, giv-
ing each other design suggestions, establishing their credentials within the group
and assessing their own work in the light of everyone else’s work. In addition to the
tremendous sense that these changes freed the instructor to address each student’s
development effectively, and that the individual elements of studio worked best
when all were employed together, we saw positive outcomes in the later iterations
of the course (Boling & Smith, 2010a). Students assessed their own work critically,
reframing it on their own initiative and reworking projects drastically without com-
plaining about the additional work. They chose and learned new tools strategically,
again without undue regard for the “extra” time this would take. Their use of prec-
edent matured over the 8 weeks, during which time they moved from seeing the
images covering the classroom walls almost as decoration, to standing and studying
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images that offered affordances for the problems they had at hand in their work.
They developed an appreciation of the impact one decision in design might have on
those made previously and those yet to come, showing this in their reflective notes
as well as in the caution with which they undertook decisions later in the session.

At the same time, we are seeing that some of the basic assumptions and perspec-
tives in studio education may not be as we have assumed; our experiences are rais-
ing questions for us regarding the way we work with students to develop their
expertise in design. The most salient of these we recognize as coming from our own
experiences as students, as design instructors, and as participants in conversations
with peers who also teach in studio settings. We have made the assumptions
addressed by these questions ourselves, been taught according to the assumptions,
and heard the assumptions expressed many times by our peers.

1. What is “the novice”? Can we teach to the general model of a novice? Beginning
design courses address novice designers—obviously, and we probably all know
that these novices come to class with varying levels of experience in design. Here
we are asking not about their experience, but about the character each may
exhibit as a developing designer.

2. Is it necessary to ask students to generate many alternative concepts early in a
project? As students we have both experienced exercises that required us to pro-
pose multiple concepts before we were allowed to choose one and pursue it; as
instructors we have made the same requirement and we have observed our peers
doing so as well. For us, this has been intended to stimulate divergent thinking and
demonstrate to students that design ideas do not derive automatically from prob-
lem statements. However, our reflective practice is suggesting questions for us
regarding the assumption that this staple of studio assignments is always
appropriate.

3. Can we separate tool learning from learning concepts and habits of thought?
Should we? In our own practice, tensions regarding how we use the limited time
available within a course—particularly in a masters level program. Do we teach
specific, and sometimes complex, skills with tools (which can be time consum-
ing), or focus on the conceptual aspects of designing, which feel as though they
are more enduring contributions to our students’ educations? We have seen, and
practiced, multiple versions of courses in which tool learning has been discon-
nected from concepts in one way or another on the assumption that tools are
called into play only after ideas have been generated.

What Is “the Novice”’? Can We Teach to the General Model
of a Novice?

Studies involving novice designers and design pedagogy (Christaans & Venselaar,
2005; Lawson & Dorst, 2009; Siegel & Stolterman, 2009; Welch & Lim, 2000),
rigorous as they are, may not take sufficient account of the differences between
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those novices; these are not just differences in their relevant experience, but in the
kernel of their developing professional design character, which plays out in their
approaches to problems and habits of work. We may be working counterproduc-
tively if we view novices as a group primarily sharing characteristics of novices and
heading for a shared, idealized state of expertise, rather than as individuals develop-
ing along differing, legitimate paths.

Each Student as an Individual Versus ‘“‘the Novice”

Analyzing the design activities of students in one iteration of the studio course
(Boling & Smith, 2010a), we saw clearly that they each displayed a unique pattern
of activity across the multiple projects and weeks of the course. While we cannot say
definitively what gives rise to these patterns, in working with the students a strong
impression arises that their personal proclivities toward action and their general
work/study experiences —including those that occur in this course —influence them.

Mark, a student who stated openly that he was lacking technical skills and felt he
needed to catch up to younger students in the program, approached the Draw 100
Things project in a deliberate manner. He established that he could complete the
project using altered photos instead of drawings, searched for photos that he thought
would work, and then applied Photoshop filters to those images, working down the
menu from the top and trying each in turn (Fig. 1).

He did the same with the layout for the 100 images, working through the options
offered by his chosen layout tool until he found one that he thought would work.
During this process we talked explicitly about the time remaining in the summer ses-
sion and the amount of work he still needed to do. He recognized that other projects
might suffer if he did not turn his attention to them in parallel with the 100 things, but
he could not begin on one of them until he had completed the first one. While he did
characterize himself as “that kind of person,” it was also possible to observe that the
frustrating challenges presented to him by the production tools absorbed his attention
to the exclusion of other concerns. As it happened, he had to finish his projects after
the session ended and he was not able to make some of the changes he wanted to
before he had to turn his attention to the demands of the fall term (Fig. 2a, b).

In contrast, George started all his projects at once. He was more comfortable
with some tools than Mark was, but he did not have complete confidence in his abil-
ity to draw. He tried out tools, but not in a systematic way; he was driven by the
direction that his concepts were taking and chose tools he could manage to support
those concepts. George repeatedly reframed his projects. He was having difficulty
with the different scales of the vehicles he had chosen for his 100 things and sacri-
ficed the hours of work he had put into creating details for them when he decided to
depict them in silhouette. For one of his individual graphics, he planned to show
proper form for a golf swing. After photographing a model brought into class and
creating simple images from those photos, he recognized that the form of the model
had not been accurate. He went to a golf course and met with a pro, who agreed to
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Fig. 1 Martin used one color plus black and highly simplified, although descriptive, forms to
depict 100 kitchen implements. His layout was a finely judged exercise in visual balance
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be photographed, then redrew his images based on those photos. The pro explained
the concept of the “striking plane,” and George reframed his approach to incorpo-
rate this concept visually into the image (Fig. 3a, b).

In their patterns of activity during the course, George’s profile as a novice con-
trasts strongly with Mark’s. It would be tempting to view George’s approach as a
better one; he was more flexible and his parallel work style left him time to make
changes on a larger scale than Mark did. However, George also ran into some prob-
lems because he was so willing to reframe his projects that he fell into difficulty
with two of his graphics—changing his approach on them until he had to scramble
at the end to finish them and in the process make choices he wasn’t entirely happy
with the process. Mark practiced making some fine distinctions between the effects
that tools were giving him as he worked through the options methodically,
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Fig. 2 Mark not only tried 100 of Our Favorite
all the filters and [Electronic]Things
combinations available, he
laid them out next to each
other to decide which he
might choose for the final
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a 100 of our favorite [electronic] things b
e | o e | |
2|0 | 2| B ||

I
N FRIERL]
Ol $)&)

arranged and rearranged his 100 things into a catalog format. (b) Close-up of a single image in
Mark’s layout

increasing his appreciative abilities over his starting point. They were not entirely
equal in their performance as students and George did sacrifice some richness in his
experience through running out of time. However, we consider each of their profiles
as a legitimate starting point for the development of design expertise and anticipate
that differing patterns of work forms only one among perhaps multiple dimensions
along which individual novices are likely to differ from one another.
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Is It Necessary to Ask Students to Generate Many Alternative
Concepts Early in a Project?

The issue of getting students to generate “alternative concepts” is reported as a
persistent problem in design pedagogy (Chen, 2011; Darke, 1984; Siegel &
Stolterman, 2009). However, our study suggests that, with an appropriate learning
experience, design novices behave similarly to experts when they are supported in
working with their first ideas through a project’s legitimate constraints and possi-
bilities. In recent iterations of the graphics course, students not pressured to produce
“ten very different ideas” for tackling a brief were demonstrated to reframe their
projects radically over the course of 8 weeks and to be quite willing to abandon
aspects of a design that were obviously not working—a judgment that an instructor
could have made in advance of their efforts, but which they probably could not have
made before they tried to work the ideas through to fruition. If these early student
ideas, instead of being put on hold until multiple alternatives are generated, were
viewed as growing from a “primary generator” (Darke, 1984), they might be recog-
nized as a necessary launching point for the student to engage in the conjecture-
analysis approach often employed by professional designers to test and expand their
early ideas (Roozenburg & Cross, 1991). The early idea might be a student’s best
effort for the point of development where she is at that moment; even if it does not
represent the best of which she could be made to be capable at that time, it may
represent the one she is best equipped to work with. While an experienced designer
might be working from the parti described by Nelson and Stolterman (2003) as a
subconscious and malleable, but disciplined, template for what will be the con-
scious design, and a student from something more like a nascent concept with even
less form and dimensionality, treating that first idea as if it could be made viable
might allow us to:

* Stop wasting time requiring students to generate multiple non-viable ideas from
an experience base which they do not yet have.

* Avoid the opportunity costs involved in redirecting students from ideas they can
own, with all their problems, to ideas we implicitly, perhaps unconsciously,
“approve” through discussion or critique following the generation of
alternatives.

* Respect and encourage one of the habits that students display which they hold in
common—at least to a degree— with experts (pursuing an initial idea and using
it to surface issues in the design space)

* Avoid giving students the impression that experienced designers do, in fact, gen-
erate multiple alternatives for their own sake at the start of a project.

* Avoid assuming that our students will necessarily achieve better results on a
given project if they have been required to generate multiple concepts and choose
from among them.

* Maintain motivation, or refrain from squashing enthusiasm, early in students’
experiences with design.
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Supporting the Students’ First Concepts

Andrea came to the class with no graphics background and comparatively low confi-
dence in her skills, although she did not lack confidence as a learner. As many stu-
dents do, she considered the challenge of a required project, Draw 100 Things (in
which students are required to create images of one hundred common objects and
present them as a set), first in terms of where in her life she might find a hundred
things to draw. Quite early she hit on the idea that, since she worked as a bartender,
she might draw a hundred different drinks —specifically, one hundred different cock-
tails. This was not a fully formed idea; Andrea thought she might draw a hundred
different shapes of glasses or perhaps a hundred different colors of liquor in mixed
drinks. The definition of the idea seemed to shift for her from one discussion to
another, and she was distinctly dissatisfied with her early sketches. I (the first author,
who has carried out most of the direct instruction for the studio course) was skeptical
about the idea myself, thinking about the difficulties of representing glass and liquid
and of choosing a frame for the project that would allow one hundred small varia-
tions to play out for her. I was also concerned that she seemed fixated on this idea,
and worried that if it did not work out for her she would become discouraged (Fig. 4).

By the time of this iteration of the course we were not requiring students, as part
of the assignment, to generate multiple ideas at the beginning of a project, so the
choice came down to working with Andrea to develop this idea, talking her out of
it, or requiring that she do something else. I sensed that anything but the first option
would divert Andrea’s commitment in learning from something she felt she owned
to something owned by me. So I suggested tools that might help (French curves,
markers, vector tools) and encouraged her to seek out precedent materials to help
sharpen her idea. She did not embrace every idea with equal enthusiasm, and some-
times she turned to other students for technical help instead of trying the methods I
suggested. When an idea made sense to her, though, she pursued it and she gradu-
ally focused her concept more tightly (Fig. 5).

As she worked on the project, Andrea encountered many of the difficulties that a
more experienced designer might have been able to anticipate at the outset. These
included difficulty in managing the abstraction required in producing a 1” by 1”
representation of an object significantly larger in real life while maintaining enough
detail to make the 100 similar items visually distinct and recognizable. Furthermore,
her expertise in drink-mixing pushed her to initially focus on realistic representa-
tions of color gradients of each drink, without fully recognizing that such fine-grain
distinctions could not be represented in the small final images.

Once she had found a visual voice that satisfied her, Andrea was willing and able
to reframe her project to match the constraints of time and production skill that she
faced. Using a general approach drawn from precedent gathered through online
searches and a new tool that afforded the treatment she wanted (colored brush pens),
she settled on drawing four groups of glasses, two with color and two without. Her
treatment was minimalist; black lines for the glasses and simple colored shapes to
represent liquors and garnishes. Given her starting point, Andrea was not going to
leave the course a fully accomplished visual designer. In the end, she also did not
leave the course having produced a product that appeared fully professional.
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a b The Backswing

Keep your hands on the striking plane throughout the backswing

Fig. 4 (a) At the sketch stage George has produced many images with details included. When he
reframed the project, all the detail was subsumed into silhouettes. (b) George took a big step for-
ward in his ability to visualize and manipulate form in the service of explanation when he reframed
his poster project after meeting with a golf pro
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She did, however, make her decisions as a designer would, choosing an approach
that was graphically satisfying by exploiting the production skill she had acquired,
rather than trying for effects she could not accomplish at her level of skill. Although
not polished, her project was internally consistent and satisfying visually in an
intentional way, rather than as a matter of chance (Fig. 6).

From the teaching perspective, it was difficult to watch Andrea’s frustration as
she pursued that first idea, which I had doubts about from the start. It was sometimes
difficult to think of another way to support her efforts when a current method was
not productive. I was also worried that allowing Andrea to pursue just one idea
might narrow her learning, but I do not now believe that it did—in the span of 8
weeks she reached a point at which she was able to consider and manage multiple
dimensions of a visual idea that had been beyond her ability to shape when she
began. She had engaged in repeated manipulations and judgments of form, gaining
an appreciation of those forms as she went. She had also experienced, in returning
by the end of the project to a much-refined version of her earliest idea, the demands
that a concept inevitably places on a designer as it becomes tangible. Had I insisted
at the beginning that she pursue an idea that I deemed more within her scope and
free of some of the predictable obstacles she ultimately faced, Andrea might have
had time to produce a more “polished” final project. However, such a pedagogical
approach may have cut short opportunities for her to engage larger issues which
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Fig. 6 Andrea used a marker and light table, a smaller and more regular format, and an idea from
precedent material to work out a trial run at 100 different glass shapes

shaped this critical experience. Her personal commitment to, and ownership of, her
initial concept motivated her to push through the challenges and explore many
different conceptual and production paths for completing the project. I did not leave
Andrea to explore aimlessly. I worked with her collaboratively, modeling designer
norms by thinking through her problems aloud with her and by asking her questions
which turned the design problems back to her, so that she built her own expertise
instead of relying on mine (Cennamo et al., 2011). Her explorations were therefore
guided by me along a path similar to that of an experienced designer, but they did
not take a single course—or my expected course—to a predetermined outcome. In
addition, having brought very little background in design to the class, Andrea also
demonstrates what we consider to be an instance of individual success even though
other students brought more relevant experience with them and advanced further.
Martin, in contrast to Andrea, came to the course with several years’ professional
experience in a job combining graphic design and instructional design, both of which
he had studied previously at the college level. His plan for the course was to challenge
himself by defining his projects to address areas in which he had not had much experi-
ence, a plan that the design of the course accommodated. An avid cook, he decided
quickly to draw 100 kitchen implements and to simplify them radically. It did not
surprise me that he stayed with this core idea throughout the project. He was working
the way an experienced designer does—envisioning the central concept of a work,
then refining and reworking the concept in response to constraints as they emerge. He
sought out precedent almost immediately to inform his approach, recognized at the
outset the core challenge that would be presented in the extreme simplification he was
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Fig. 7 Andrea’s final poster featuring the two sets of differently-shaped glasses, and two distinct
color segments created with brush pens

pursuing, and introduced constraints early on to guide his decision-making (such as
limiting views to profiles and overhead shots instead of three-quarter views). I did not
see a valid learning goal to be served in requiring him to produce multiple additional
concepts before he began to work, and I anticipated that such a request would dimin-
ish the project for him, so I supported him as he pursued his early idea.

Martin had a broader range of skills than Andrea did, so he did not struggle find-
ing a production path for this project. Instead, his challenges with the project took
place at a different level. He wrestled with the fact that the extremely minimalist
style he wanted to produce was unforgiving of the smallest details that did not fit in.
He had also conceived of a color scheme that would identify for viewers the “work-
ing parts,” or surfaces, of each implement. After trying out this scheme on multiple
implements, it became clear that the color coding interfered with the descriptive
shapes for too many of them. Both of these factors resulted in his reworking indi-
vidual items repeatedly until he had a well-defined set of formal rules worked out
and could, like Andrea, proceed efficiently to complete the project (Fig. 7).
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Can We Separate Tools Learning from Learning Concepts
and Habits of Thought? Should We?

At several documented points in the literature, and in our own study, we see a phe-
nomenon whereby design students coming into their studies with little tool knowl-
edge have trouble tackling conceptual issues in design (Clinton & Reiber, 2010) or
trouble distinguishing conceptual issues from process issues (Brown, 1999). This
problem does not go away until a minimum competency has been established,
which runs counter to views that hold “tool issues” and “concept issues” to be sepa-
rate. We see the need for special consideration in this area in programs where:

* There are not undergraduate “pipelines” in which students have mastered tools
before arriving at graduate studio courses.

* We establish studios with emphasis on “design thinking” and place potentially
insufficient emphasis on tool skills.

* We do not have sufficient technical expertise ourselves to diagnose and/or teach
these skills.

Tool Expertise and Conceptual Progress

Kylie started the course with a strong background in tool use; in fact, she led a short
session on Adobe Illustrator for her peers on the second day of class and ended up
helping fellow students with related tool questions during the course. On presenta-
tion of the briefs, which were deliberately low in detail, she was able to test several
different themes for Draw 100 Things by using a production path with which she
was already familiar. Her initial ideas, first to draw 100 chairs, and then to draw 100
lamps, were quickly put aside when she mocked up samples and felt that they were
not working well when presented in the required format of one square inch per
image. She then rapidly settled on the theme of 100 designer coffee cups and applied
her production path to testing and developing her concept. It was clear at the outset
that she understood, not every move she would make for individual items (and she
did reframe her selection of coffee cups partway through), but the process moves
that would afford an imagined outcome. Her skills with tools were an integral part
of the way she thought about and framed this project (Figs. 8 and 9).

For her instructional booklet project, Kylie started with her known production
path to translate existing photographs into line art. Once she had created the images,
she extended the previously mastered technique to refine her concept based on what
she saw emerging from her early moves. Her ability to conceptualize a project was
enhanced by her tool knowledge in two ways: first, she could envision a route—not
to a known end point, but to a stage from which she could engage in dialogue with
her concept; and second, she gained time with which to explore her ideas and to
identify which of several approaches would best allow the finished images to com-
municate the pertinent information at the center of her concept. Specifically, she
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Fig. 8 Kylie’s tool skills
were integral to her ability to
envision the approach she
took to Draw 100 Things
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Fig. 9 A variant of the
production path she used for
Draw 100 Things allowed
Kylie to translate photos she
already had into an illustrated
process booklet
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Step 1: Starting the wire wrap

Use wire cutters to cut wire 18 inches in length.
Open barrette and begin to wrap wire tightdly
around one end 3-4 times to secure a base for
the beads. Clip extra visible wire from the end.

explored different ways of focusing attention on the relatively small, detailed tools
and materials used in the jewelry-making, while still showing a portion of the hands
to provide context and enhance probable understanding. Incidentally, her tool
expertise turned out to be of great use when a major portion of her work was lost in
a hard drive crash and she was able to quickly reproduce it.
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Fig. 10 After producing the
first set of instructions for
using chopsticks, Yin realized
that she had asked the model
to hold the chopsticks at an
angle not appropriate for
eating. Tools were not a
barrier for her at this point;
she was willing to discard all
four illustrations in the set
and start over from scratch to
take and trace new ones

STEPS3: Hold point 2 tight, but keep point 1 loose,
at the same time, try to expand your palm, but
keep the top end of chopsticks close together

Yin joined the class with some confidence in her hand drawing skills and photog-
raphy skills, but without extensive experience using digital tools to create graphics.
In response to the brief requiring an instructional graphic that included one or more
depictions of hands, she decided tentatively that she wanted to create some kind of
instruction combining two of her interests—food and her Chinese culture. She had
a wrapper from a pair of restaurant chopsticks, but had trouble moving from there
to a project idea that she could carry forward. Her ideas at this point were vague and
shifted somewhat unproductively over several class periods.

One day in class, she watched a peer using the vector-based brush tool in
Photoshop to trace over a photograph and was captivated. The other student showed
Yin how to use this tool and Yin practiced a short time before declaring that she
knew how she would carry out her project. She took photos of the hand model sup-
plied to the class, traced over them with the brush tool, and was on her way to com-
pleting this graphic. This small increase in tool skill opened the conceptual door that
allowed Yin to envision her project. The example of Andrea, who produced the 100
images of mixed drinks discussed previously in the context of following an initial
design idea, can also be viewed as an obvious example of the interplay between tool
skills and conceptualization. Yin’s example is subtler than Andrea’s, but we believe
it demonstrates the same dynamic. Tool skills do not seem to be required simply to
bring a concept to fruition, but to be able to generate and facilitate the concept in the
first place. From this perspective, we have begun to question curriculum design in
which tool skills are separated from concept generation, or seen as something that
students will pursue on an “as needed” basis (Fig. 10).
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Discussion

As we launched the studio course described in this chapter, we discussed several
times the difficulties of teaching a studio class without having experienced one as a
student. Shulman (2005) discusses the efficiency of signature pedagogies, pointing
to the fact that neither the students nor the instructors in domains where they are
established have to consider how classes will be structured or what the facilities,
interactions, and strategies for instructions are going to have to be. Seen from a
generational perspective, a pedagogy like the studio ensures the preparation of new
instructors who know how to enact that pedagogy when and if they begin to teach
within themselves. For domains in which studio pedagogy is a new option, not pre-
viously established, at least one or two generations of instructors may have to start
from the ground up. They may operate on vague notions of studio instruction, or on
long-standing misconceptions enacted within studio instruction, in well-intentioned
efforts to develop instructional expertise to adopt or adapt studio to their needs.

As graduates of multiple studio programs ourselves, the authors recognize fur-
ther that our own assumptions about studio education need to be revisited. In carry-
ing out a longitudinal, reflective study of this one course, we have created a situation
in which we are consciously recording and observing the progress of every student,
every student’s work, and our own intentions and moves as instructors. As
researcher-instructors, we cannot enact patterns within the studio on the assumption
that they work the way we think they do without confronting instances in which
they do not. Those have given rise to the questions entertained in this chapter and
will undoubtedly present us with more in the future.

While the course we have been studying and discussing here addresses instruc-
tional graphics, making it—on the surface—similar to design fields with an obvious
visual focus (graphic design, architecture, product design), we see the underlying
design orientation of all such fields, instructional design included, as broadly the
same (Goel, 1997) and therefore amenable to the use of studio pedagogy. Since the
inception of the course described in this study, the larger program has evolved and
the two basic instructional design courses, taught for decades as hands-on, project-
based courses, are now taught in a nascent studio format with persistent space for
the students and a single project carried across two semesters.

In addition to the issues we discuss here, design tensions at the level of the orga-
nization (Tatar, 2007) continue to challenge us (Boling & Smith, 2009). The space
designated at the department level for the core studio courses was recently absorbed
back into the traditional classroom inventory, meaning it will see a rotation of
classes all day and not be available for persistent use by the studio students.
A smaller space will be available for them instead, and it remains to be seen what
functions this space will support. For example, unless course enrollment is very
small, it is not clear that the new studio will provide space for projects to be laid out
and revisited over time, or offer wall space for sufficient precedent samples to be
displayed. Only one of our active faculty members has experienced studio education
as a student, or taught previously in this format, making the ramp into this form
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of teaching steep. Resourceful educators can always work around these kinds of
limitations eventually, but the complications of design tensions like these must be
taken into account as we ask ourselves which aspects of studio are necessary, which
are adaptable, and which are deserving of skeptical scrutiny.

Conclusion

We view the effective preparation of instructional designers as a critical issue in the
field, particularly at a time when discussions of design and design thinking are
exploding around us with widely varying commitment to specificity and rigor. If we
borrow ideas like studio pedagogy from other disciplines without sufficient critical
examination, we run the risk of wasting time and— potentially —of substituting new
misconceptions concerning design for our current ones (Smith, 2008). Our reflective
study suggests that we need to pay careful attention to what is actually happening in
our courses rather than designing solely from theory or, worse, from our assumptions
regarding studio education.
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Following Parrish’s suggestion (see Chap. 15) that we think of design, teaching, and, by
extension, research, in terms of a narrative, I’'m going to present this research project
as a story. In many ways, research itself is a classic story of the hero’s journey: We are
presented with a challenge, we look for mentors and guides, we encounter obstacles
along the way, and, if all goes well, we emerge from the journey wiser than before.
The purpose of this investigation was to identify factors that might foster and
sustain innovative design thinking through a qualitative examination of a multidis-
ciplinary student team charged with the design of an immersive museum experi-
ence. In this chapter, I describe the experience that piped my curiosity, the exploration
that ensued, and the picture that emerged at the end. In this process, I not only
learned how multidisciplinary design projects can foster innovation but also gained
insight into the differing cultures in which various design disciplines are educated.

The Story Begins

This journey, like many journeys, began a few years ago. At that time, I was serving
as an educational advisor on a project, funded by the National Science Foundation
(NSF), to design an immersive museum experience to introduce the scientific princi-
ples of fields to middle-school-aged children. The purpose of this planning grant was
to lay the foundation for a second grant to the NSF to construct the exhibition.
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As part of this project, a two-semester special studies course sequence was
offered through industrial design in which student groups were charged with design-
ing the exhibit concepts. The first course consisted of 12 undergraduate and gradu-
ate students from industrial design, architecture, computer science, mechanical
engineering, and education. In the second semester, 7 out of the original 12 chose to
continue with the course and two additional students joined the team.

Students and faculty worked in the context of what the course instructor described
as a design studio environment. Although the students neither met as a class for the
extended hours typical of many studio courses nor were provided with dedicated
desk space available to them at all times, the pedagogy and epistemology of these
courses was consistent with that of the industrial design studio (Brandt et al., 2011).

The emphasis of the courses was on ideation, presentation, and critique. Students
were provided with abbreviated project “briefs” to start their design work; they were
expected to work independently and in groups to solve the design problems; and
students periodically presented their evolving designs to faculty and students, with
advisors joining the team on three separate occasions to see and discuss progress
(see course timeline in Table 1). All in all, the students were responsible to ten proj-
ect advisors (five consultants, one contractor, and four principle-investigators that
included experts in educational technology for children, science exhibition design,
and mechanical and electrical engineering) as well as architecture and education
faculty. Course deliverables included two presentations to members of the advisory

Table 1 Course timeline

August ¢ Teams formed and introduced to the task
September ¢  Field trip to visit an exhibit fabricator and innovative museum

¢ Students asked to individually explore the various types of scientific fields that
we might consider in the overall exhibition, and then to propose unrefined
concepts to the whole team

¢ Then team was asked to select the stronger proposals to take forward to the next
level of refinement. It was critical that the selection process be open and
group-driven. We used a system of Post-it® notes for this process, where
students were asked to rank their choices of concepts

¢ Once we had narrowed the concepts down to a manageable group, the students
then named the concepts in order to put us all on the same page when commu-
nicating about these still ill-defined ideas

¢  Once titles were established, each individual was asked to rank his/her top ten
on a list to be posted side by side for discussion and critique. Parallel Planes
was one such concept that drew considerable support. Like most of the ideas at
this stage, Parallel Planes lacked details, but we shared an understanding of the
meaning of the name, which was an idea about technologically “smart” floors
and ceilings that are interactive with visitors as they moved through the exhibit

¢ We realized that there was some hierarchy and overlap among the top ten
concepts. As a group, we reorganized and merged these ideas into four more
general domains. From these four, we created small work teams that now
focused on the more focused field and exhibit types

¢ Teams then worked independently on presentations for the first advisory board
meeting, in October

(continued)
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Table 1 (continued)

October ¢ During the first advisory board meeting, the advisors pushed for a clear
identification of the concepts that would be taught within the exhibit. The
fundamental way that the student design team, mostly nonscientists, maintained
a focus on the science was through the development of an inventory of
characteristics of fields, which we later called our Field Principles

December ¢ Planning for second meeting with advisors. The team still struggled with how to
organize the visitor’s experience through each of the field exhibits.
Consequently we introduced a theater-based exercise where the students were
required to enact a visitor’s experience through their concepts. This work
illuminated where some of the key problems were in the design concepts, and it
suggested how the students would present to the advisors, using a theatrical
demonstration and rough prototypes

¢ Second meeting with advisors. In this meeting the students were able to present
ideas that were now more focused and shaped by the Field Principles

January e At the beginning of the second semester, several changes occurred as the design
team composition and venue changed. We moved the meetings to a conference
space where all students met at a table to present and exchange ideas. We met
on various agreed dates for longer spans of time rather than for shorter weekly
meetings, which made charrettes more possible

March ¢ One month before the final presentation to the advisors, we held an all-day
charrette on a Saturday (Design charrettes are short, intense, time-limited
exercises that force participants to make decisions quickly and render these
designs in expressive, understandable, and meaningful drawings.)

e A charrette brief was sent out to all participants the day before, which gave
them a mission statement, a list of deliverables for the charrette, and any
background theory or information that had been formulated throughout the
planning phase (for example, the Field Principles, project mission statement,
reminders about parallel models, and conceptual change)

April * Final presentation to the advisory board in New York City

May ¢ Entire group presented to the NSF program officer

¢ Students created a project book and 130-panel exhibition of the project book,
both of which were the final deliverables for the year’s work

board on campus, a presentation to the advisory board in New York City, a project
book to which all the students contributed, and a multimedia exhibit on campus for
the assigned NSF program officer.

The Call to Adventure

As an educational advisor on the project, I did not begin this project with the intent
of collecting data. However, early in the project, I became quite impressed with the
innovative nature of the students’ work and their resilience, drive, and motivation.
As I observed their initial meeting with the advisors in October, I was struck by the
quality and originality of their work. The presentations were well researched and
many hours had been put into the visual and conceptual presentations. However, the
advisors proceeded to critique the work to the extent that few of the original ideas
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were retained. Following the advisors’ critiques, I was even more impressed at the
way the students simply resumed work reconceptualizing the project, returning a
few weeks later with a new set of well-researched, well-presented, and innovative
design ideas. A similar thing happened at the December meeting, although in many
ways it was more severe. Whereas at the October meeting, the class was exploring
multiple ideas for the exhibit, in December, the group had coalesced around one
idea. Each student team was responsible for one part of the design. Students pre-
sented to a large group of advisors and visitors that included many who had not
attended the previous meetings. Once again, key ideas that represented hours and
hours of work were discarded based on an advisor’s comment.

As I reflected on times in which my former students in instructional design had
their work rejected by clients, I recalled how demoralized they often became.
I wondered what inspired this particular group of students to create such innovative,
high-quality work and to persist in the face of rejection. I recognize that instructional
design students need to learn to accept, perhaps embrace, criticism as a natural part of
improving a design solution. During the formative evaluation process, they need to
solicit input from both experts and learners in order to refine the instructional prod-
ucts. They need to accept feedback from clients and subject matter experts as well.
Feedback —and criticism—is a necessary part of the instructional design process.

Thus, I began my investigation of the case in an attempt to discover characteris-
tics of the group, task, or process that might inform future teaching and research
endeavors. Like instructional designers, industrial designers are expected to be
adept at process—identifying and resolving design problems given the unique
parameters of any discipline or situation. For this reason, it seemed that an examina-
tion of this particular course experience might be especially applicable to the educa-
tion of instructional designers.

A Guide Appears

As is typical in the hero’s journey, I looked for guidance from those who had gone
before me. The literature on group creativity has identified several factors that have
been shown to facilitate creative outcomes, primarily though studies of professional
work groups, and appeared to offer insight that could inform my research.

The ability to generate a wide variety of potential solution ideas is generally
accepted as a key precursor to creative design outcomes. Researchers in the area of
creativity (e.g., Combs, Cennamo, & Newbill, 2009; Raths, Wasserman, Jonas, &
Rothstein, 1986; Starko, 2005) have identified several techniques that contribute
to the generation of multiple original ideas. Creative thinkers are able to examine
ideas from various perspectives, often exploring a challenge using a variety of raw
materials, stimuli, and experiences to provide alternative perspectives on a chal-
lenge. As they explore ideas from various perspectives, they observe carefully,
make inferences, and elaborate on their thinking. In addition, creative thinkers use
analogies or metaphors to think through novel problems, reasoning from examples
or similar situations to consider multiple possible courses of action.
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The development of creative products also requires reflective judgment to select
the best ideas to move forward. Reflective judgment requires analysis, synthesis,
and evaluation skills (e.g., Combs et al., 2009; Paul & Elder, 2004; Sternberg &
Spear-Swerling, 1996). Analysis involves questioning and comparing new ideas to
previous ones (Black, 2005; Marzano et al., 1988). Ideas are synthesized through
organizing, interpreting, sorting, and summarizing. Finally, ideas are evaluated by
making judgments as to their logic, value, and worth, and generalizing to new situ-
ations (Nickerson, 1984; Paul & Elder, 2004; Raths et al., 1986).

However, it must be recognized that this is an iterative process. Creative thinkers
do not simply generate a variety of ideas and then select the best one to move for-
ward. Instead they cycle through the process multiple times—generating ideas,
judging those ideas, using the outcomes of their reflective judgment to generate
more and different ideas, and so forth until a desired solution is reached.

When examining group composition, studies of creative work groups reveal that
a diversity of participants positively influences creative outcomes (Nijstad & Paulus,
2003). Diversity of detectible characteristics such as age, race, and gender are of
less importance than attributes such as education, opinions, and values (Milliken,
Bartel, & Kurtzberg, 2003; Nemeth & Nemeth-Brown, 2003). Stasser and
Birchmeier (2003) indicated that it is the diversity of information that is important
to generating a variety of original ideas. Diversity of preferred problem-solving
strategies within the group also contributes to creative outcomes (Kurtzberg, 2005).
The effect of newcomers is generally positive in that it increases the information
diversity (Choi & Thompson, 2005; Katz, 1982). When existing members orient
new members to the group, they may further analyze, synthesize, and evaluate their
ideas as they revisit and clarify their original decisions for the newcomers (Levine,
Choi, & Moreland, 2003). Not surprisingly, the addition of newcomers that are cre-
ative has an especially positive effect (Choi & Thompson, 2005).

Group process factors that have been shown to contribute to group creativity
include, among others, a critical group process (Nemeth, Personnaz, Personnaz, &
Goncalo, 2004; Tjosvold, 1998), intrinsic motivation (Hennessey, 2003), and ade-
quate time for the members to all contribute their unique knowledge (Larson,
Chrisietnesen, Abbott, & Franz, 1996). When group members have the opportunity
to compare their ideas to those of others, this comparison can result in beneficial
competition that increases the number and originality of ideas generated (Michinov
& Pimois, 2005). However, pressure to conform has a negative effect on creativity
(Chirumbolo, Livi, Mannetti, Pierro, & Kruglanski, 2004).

Group climate factors found to be important include interpersonal trust (West,
2003), the perception by members that their contributions are valued (Stasser &
Birchmeier, 2003), challenging tasks (Amabile, Conti, Coon, Lazenby, & Herron,
1996), high standards (Hooker, Nakamura, & Csikszentmihalyi, 2003), support for
innovation (Amabile, 1983), and participants’ perceptions of safety (Nijstad &
Paulus, 2003). Groups in which the members identify with the team, have a stake in
the teams’ success, and are encouraged to take risks produce products that are more
innovative than groups who lack these characteristics (Sethi, Smith, & Whan Park,
2001). Support for communication among team members also has a positive effect
on innovation (Sethi et al., 2001).
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The Challenge

Using the factors identified in the literature on group creativity as a guide to data
analysis, we sought to determine the presence of those factors, as well as others, in
the student group charged with developing a viable museum exhibit design. The
primary data were collected through two open-ended surveys and a focus-group
interview. Questionnaires were completed by the student team in February and by
all project participants (student teams, advisors, PIs) in April. The question prompts
that yielded data for this case study, along with the way that they are noted in the
coded data, are listed in Table 2. Other questions on the surveys addressed facets of
the class unrelated to the design process. In early June, all of the students and the
course instructor participated in a focus-group interview of one- and one-half hours
in length. During the focus group, students were asked to discuss the process
through which they developed the museum exhibit design. The discussion was
recorded and the data transcribed for analysis. Secondary data, used to provide
insight on the primary data set, included written summaries of the project prepared
for various reasons such as journal articles, conference and grant proposals, case
study competitions, and the project book.

Factors that had emerged from the literature on creative groups were used to
establish an initial set of data-coding categories (see Table 3). The primary researcher
and an independent reviewer both searched the data to identify instances of each
characteristic during a joint-coding session. Differences in coding were discussed
until both reviewers agreed upon the meaning of each coding category. Following
this orientation to establish shared meaning for each coding category, the

Table 2 Questions from survey used for data collection and how indicated in coded data

Coded Question from survey

February survey of students

Q.S,5 5. Describe your initial expectations of the Phoebe’s Field Exhibition course when
you first started

Q,S,6 6. Describe your view of the process and method undertaken for the course and
how it is similar or different from other classes that you have participated in

Q.,S,7 7. Describe one or more experiences interacting with the team members in terms of
the challenges as well as benefits of working with people from other disciplines

Q. 5,9 9. Inregards to the planning process, identify one or more things that could be

improved, in your opinion

Q,S,10 10. Describe any significant obstacles and/or breakthroughs that the team encoun-
tered in the design process thus far. Why do you think this occurred?

April survey of whole team

Q. W,6 6. How has the project developed over time, in your opinion?

QW,7 7. Describe one or more experiences interacting with the team members in terms of
the challenges as well as benefits of working with people from other disciplines

Q,W,9 9. In regards to the planning process, identify one or more achievements, in your
opinion

Q, W, 16 16. At this point, what are your expectations for the future of the Phoebe’s Field
Exhibition?




Table 3 Characteristics of creative work groups and example data

Characteristics Example quotes from the data
Membership
Diversity of “The different disciplines not only brought more opinions and different ideas
knowledge because of their different lives but they have knowledge of subjects that other
and expertise 