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Preface

We are proud to present the proceedings of TPDL 2015, the 19th International Con-
ference on Theory and Practice of Digital Libraries, held in Poznań, Poland, during
September 14–18, 2015, organized by the Poznań Supercomputing and Networking
Center (PSNC).

The International Conference on Theory and Practice of Digital Libraries (TPDL),
formerly known as European Conference on Research and Advanced Technology on
Digital Libraries (ECDL), constitutes a leading scientific forum on digital libraries that
brings together researchers, developers, content providers, and users in the field of
digital libraries. The advent of the technologies that enhance the exchange of infor-
mation with rich semantics is of particular interest in the community. Information
providers inter-link their metadata with user-contributed data and offer new services for
the development of a web of data and addressing the interoperability and long-term
preservation challenges.

TPDL 2015 had the general theme “Connecting Digital Collections” and
was focused on four major topics:

– Connecting digital libraries
– Practice of digital libraries
– Digital libraries in science
– Users, communities, personal data

There was also a special call for industry submissions, dedicating the “Systems and
Products” conference track for them.

There were 44 full paper and six short paper submissions in the main call. All
submissions were independently reviewed in a triple peer review process, initially by
four members of the Program Committee. A senior Program Committee member
subsequently coordinated a discussion among the four reviewers. The selection stage
that followed compared the paper evaluations and finalized the conference program. As
a result, 22 submissions were accepted as papers and some of the rest of the sub-
missions were redirected for evaluation as potential posters or demonstrations. These
redirected submissions were re-evaluated together with the 11 additional poster and
demonstration submissions. Finally, 15 poster/demo submissions were accepted. The
dedicated “Systems and Products” call brought an additional six accepted submissions,
which are not included in this proceedings volume, but published in a separate booklet
and distributed among conference participants.

The most popular topics of submissions were user interfaces and user experience,
user studies for and evaluation of digital library systems and applications, applications
of digital libraries, infrastructures supporting content processing, social–technical
perspectives of digital information, interoperability and information integration, and
digital humanities. Regarding the number of accepted papers, the top five countries of
authors were: USA, The Netherlands, Greece, Germany, and Brazil. Regarding the



number of submitted papers, the top five countries of authors were: Greece, Germany,
USA, New Zealand, and The Netherlands.

Beside submitted contributions, three keynote speakers were invited to present their
views on crucial aspects of digital libraries. The opening keynote, given by David
Giaretta, was focused on issues related to long-term data preservation. The second
keynote speaker, Joseph Cancellaro, showed the user perspective in the context of
retrieval of digital audio assets, and Costis Dallas in the closing keynote shared his
thoughts about the scholarly practice related to access and use of humanities data, in
light of his work conducted within the DARIAH-EU community. Another part of the
conference was a discussion panel organized by Vittore Casarosa aiming to discuss
open access to research data. Abstracts of all keynote speeches and the panel are
included in the conference proceedings.

Around the main conference several side activities were organized, together creating
a five-day long series of events focused on digital libraries. The overall program began
with five tutorials:

– Automatic Methods for Disambiguating Author Names in Bibliographic Data
Repositories

– Building Digital Library Collections with Greenstone 3
– Catmandu – A (Meta)Data Toolkit
– Dynamic Data Citation – Enabling Reproducibility in Evolving Environment
– Mappings, Application Profiles and Extensions for Cross-Domain Metadata in the

Europeana Context and Beyond

Following the main conference, several workshops were organized:

– 5th International Workshop on Semantic Digital Archives (SDA 2015)
– Cloud-based Services for Digital Libraries
– Extending, Mapping, and Focusing the CRM
– Kick-Off Workshop of the IMPACT-OPF MOOC on Digitization and Digital

Preservation
– Networked Knowledge Organization Systems and Services (NKOS)

In this context we are very grateful to the tutorial chairs, Giorgio Maria Di Nunzio
and Giannis Tsakonas, for their hard work on attracting and evaluating the proposed
tutorials. Also the workshop chairs, Trond Aalberg and Antoine Isaac, gave essential
feedback to the conference tutorials. We would also like to thank all members of the
conference Program Committee and especially the posters and demos chairs, José
Borbinha and Preben Hansen, who did great work in evaluating a significant number of
submissions and creating a very interesting program for the conference.

Of course the conference could not happen without proper publicity, which was
assured by the publicity chairs, Marcos Goncalves, Raul Palma, Shigeo Sugimoto and
Hussein Suleman, and by the conference media partners: Coalition for Networked
Information and Digital Meets Culture.

For the Poznań Supercomputing and Networking Center, the operator of the Polish
National Research and Education Network PIONIER and the main organizer of the
conference, it was a great occasion to actively support knowledge exchange and net-
working in the worldwide digital libraries research community. Within the broad range
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of PSNC research and development activities, those related to the digital libraries
domain have been very dynamic since 1999 and have resulted in a number of national
and international projects in which PSNC and its Digital Libraries and Knowledge
Platforms Department are continuously involved.

We hope that you will enjoy the proceedings and will be inspired to participate in
the following editions of the TPDL conference.

September 2015 Sarantos Kapidakis
Cezary Mazurek

Marcin Werla
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Data - Unbound by Time or Discipline –

Challenges and New Skills Needed

David Giaretta

Giaretta Associates Ltd., Yetminster, Dorset, UK
david@giaretta.org

Abstract. We live in an exciting information age, where the deluge of data
enables the 4th paradigm to be used by the greatest number of scientists who
have ever lived, able to connect to hundreds of thousands of sources of infor-
mation which are encoded digitally and used in an ever changing technological
network.

To take advantage of these opportunities presents challenges. The most
obvious involves simply coping with the volumes of data with which one has
some familiarity, from familiar sources.

However in order to combine data from multitudes of unfamiliar sources,
covering a variety of disciplines, created over timescales which are long com-
pared to technological and even many conceptual and terminological cycles
there are new challenges both for the researchers and the infrastructure needed to
support them.

This presentation will focus on these challenges raised by the need to ensure
we can deal with the unfamiliar and outline the resources, both human and
technical, which will be needed to address them.

1 Opportunities

The term “4th paradigm” was coined by Jim Gray and colleagues to express the idea
that in addition to the empirical, theoretical and computational paradigms we now have
data exploration enabled by the vast amount of data that is being produced. This has
been explored in the literature as a source for scientific progress. However there are far
broader opportunities which those who fund the research are interested in.

The Riding the Wave report provided a vision for 2030 which addressed the
question, as part of the EU Digital Agenda, “How Europe can gain from the rising tide
of scientific data”.

The starting point was the observation that “A fundamental characteristic of our age
is the raising tide of data – global, diverse, valuable and complex. In the realm of
science, this is both an opportunity and a challenge.”

The vision was of “a scientific e-Infrastructure that supports seamless access, use,
re-use and trust of data. In a sense, the physical and technical infrastructure becomes
invisible and the data themselves become the infrastructure – a valuable asset, on which
science, technology, the economy and society can advance.”



2 Challenges

An underlying challenge was sustaining the availability and usability of the digitally
encoded information across disciplines and over time. An associated, fundamental,
question was “who pays and why”. While data is newly created and of obvious use
there will be resources available, but as the Blue Ribbon Task Force pointed out, the
value of much data is potential – it may be useful in the future, but this is not certain.

Resources are needed to address the many V’s1 which are normally discussed in
terms of big data – but which are also relevant to small data, since as noted2 the real
revolution, which is the mass democratisation of the means of access, storage and
processing of data – small as well as big.

In this presentation I divide these Vs into two groups. The first consists of Volume,
Velocity, Variety and Volatility which are ones more related to data management – i.e.
issues which arise even if the data is being used by the researchers who created it and
over just a few years. The other group consists of Veracity, Validity and Value, which
this presentation will focus on for the following reasons.

Veracity, including Understandability and Authenticity, is vital for using data from
unfamiliar sources and with which the researcher is unfamiliar – otherwise how can a
researcher use the data and trust that it is what it is claimed to be? The challenge will be
exacerbated by the data management “Vs” noted previously, in particular scaling with
Variety.

Validity (including correctness, data quality and legality) is vital interest to
researchers if they wish to undertake scientifically useful work.

Value (or potential value) must be identified in order to justify keeping the data in
the long term – and even in the short term (related to Volatility) – because keeping data
requires resources. The minimum, relatively easily identified, costs are those for storage
which tends to scale with Volume and are very front-loaded. Other costs, which are less
obvious and more uncertain are those associated with maintaining Veracity and
Validity.

3 Solutions

The bulk of the presentation will look at practical solutions to the challenges presented
by the second group of V’s. These solutions involve underlying consistent concepts,
technology and widely agreed procedures, all supported by skilled and well trained
humans, across the whole lifecycle of data from conception through to and including
curation.

They will help put in place the data infrastructure which can be used across dis-
ciplines and across time for the benefit of science, technology, the economy and
society.

1 http://insidebigdata.com/2013/09/12/beyond-volume-variety-velocity-issue-big-data-veracity/
2 http://www.theguardian.com/news/datablog/2013/apr/25/forget-big-data-small-data-revolution
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Digital Audio Asset Archival and Retieval:
A Users Perspective

Joseph Cancellaro

Interactive Arts and Media Depatment
Columbia College Chicago

jcancellaro@colum.edu

Abstract. Both academically and professionally, the problem of coding
and formatting audio for archiving and retrieval is constantly present.
Many factors weigh in on how to build naming conventions, search
criteria, and meta tags for audio assets, particularly in large scale non-
linear virtual environment productions. The tendency to build new
libraries for each project is most intensive but allows a user to constantly
be aware of the assets available and who created them. This requires
inventing or reusing a new data retrieval and archiving engine or plat-
form for each project. Needless to say, this approach is impractical and
inefficient. The music industry has solved some of these issues through
the convenience of having stylized “brands” of music to label. The user
can decide whether he/she likes the music and move on to the next piece
of similar character. Examples of engines like this include Pandora,
Rdio, Spotify and of course Apple and Google. These music streaming
automated music recommendation services function moderately well
until they don't. In sound effects, this solution is more complex. When
there are thousands of samples of differing footsteps, squeaks, knocks,
thumps, etc. to manage per category a more refined Content Management
System (CMS) is required. Again, the impractical issue of building from
scratch is introduced. One method being looked at is Fourier transform
based pattern recognition analysis and algorithms. This method uses
discrete Fourier transform based pattern classifiers, defined and corre-
lated by a designer, to map, or compare against a predefined data vector
specifying a particular sound pattern. This research has already been
experimented with but usually not in the form of a searchable library
tool. An added layer to this method includes the use of artificial intel-
ligent programming as part of a machine learning tool to help expedite
searching and filing of data assets. This is currently being experimented
with in the Interactive Arts and Media Department where students and
faculty are working on solutions to some of these problems. The land-
scape of audio, which includes music, sound and silence is massively
comprehensive in size and complexity. Methods and strategies for



solving for a universal identifying and archival tool are constantly on the
minds of composers, sound designers and all who deal with audio assets
in linear and non-linear environments. My discussion will raise some
of the issues surrounding classifying audio and storage as well as
problems encountered by sound designers and composers in the field.
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The Era of the Post-repository: Scholarly
Practice, Information and Systems

in the Digital Continuum

Costis Dallas

Abstract. Research in the arts and humanities is often associated with the world
of the solitary scholar, surrounded by dusty books, manuscripts, or artefacts. As
early as 1959, C.P. Snow lamented the “gulf of mutual incomprehension” sep-
arating humanities scholars from scientists. Yet, the wide-ranging changes in
scholarly practice associated with digital technology, the crisis of disciplinarity,
the rise of new methodological and theoretical frameworks, the increased risks to
the longevity of cultural resources, and the emergence of new fields of contes-
tation around their interpretation and value, casts a different light on Snow’s
notion of the “two cultures”, introducing new challenges and opportunities.

For information researchers and computer scientists engaged with the con-
ceptualization, design and development of digital infrastructures, tools and ser-
vices in the domain of the arts, humanities and cultural heritage, understanding the
nature and direction of these changes is of paramount importance. The advanced
field of digital humanities is only part of the story. In fact, humanists working with
big data, crafting their own schemas and encoding formalisms, engaging in
ontological modeling, and scripting their own analytical and representational tools
are but a small minority among an increasing number of scholars producing
influential, highly cited research merely facilitated by digital technology – what
may be called digitally-enabled humanists. As indicated by a survey conducted by
the Digital Methods and Practices Observatory Working Group of DARIAH-EU,
digitally-enabled humanists use frequently applications such as word processors
and spreadsheets besides repositories to organize and curate research resources,
controlled vocabularies and classification systems that are more often homegrown
than standard, and a variety of readily available online services and social media
for information discovery, collaboration and dissemination. And, in tandem with
changes in scholarly practice, the rise of computational intelligence and social and
participatory media, as well as the increasing availability of humanities and her-
itage resources in the networked and mobile digital environment at a time of
globalization, bring about new important stakeholders in their representation and
interpretation, such as descendant and source communities, amateurs engaging in
citizen science, and culture and heritage publics.

Established wisdom on digital infrastructures for the arts and humanities is
shaped by a notion of centralized custodial control, replicating the traditional
structures of the physical archive, library and museum: in other words, on the
notion that research resources can be curated and preserved in the future in large-
scale, centralized digital repositories. This becomes problematic as financial
means grow increasingly scarce, and as the cultural record broadens to include a
proliferation of born digital resources, grey literature, outcomes of independent
and commercial research, fruits of self-publication, remix and social media
interaction, and manifestations of community and personal memory. In fact,



research on emerging digital research practices in a discipline such as archaeology
shows how the availability of multimodal, interactive, real time recording and
documentation technologies, and the plurality of research actors, interpretations
and uses of archaeological knowledge give rise to multiple kinds of densely
interconnected digital resources (e.g., GIS, LiDAR, formatted data, 3D models,
annotations, interpretive narratives, video documentation, blogs, and social media
interactions) and intertwine the ostensibly distinct processes of data recording and
interpretation. The shift towards a digital infrastructure for humanities and heri-
tage resources, in tandem with these changes, brings about a rising “curation
crisis” which calls for a radical reconsideration of priorities in the specification
and design of digital infrastructures.

Central to this reconsideration is the concept of the records continuum, orig-
inally advanced by Australian archival scholars to indicate the limits of a lifecycle
approach in dealing with the capabilities and challenges of digital information.
Criticizing the custodial notion of archives as data mortuaries, continuum thinking
calls for a unified approach to recordkeeping capable of attending to records from
the point of creation to their “pluralizing” interpretation and use by diverse
communities. It resonates with a call for a radical re-examination of the theory and
practice of digital curation, based on the recognition that curation of research
resources facilitated by ubiquitous pervasive digital technology takes place
increasingly “in the wild”, involves multiple stakeholders “exercising the archive”
beyond data custodians, concerns not merely information resources qua digital
objects but also their evolving epistemic content and context, and thus requires a
rethink of the requirements, affordances and priorities of digital infrastructures.

The promise of going beyond traditional repositories to deploy a digital
infrastructure which explicitly focuses on the provision of curation capabilities is
demonstrated by the Metadata and Object Repository (MORe), a system deployed
by the Digital Curation Unit, IMIS-Athena Research Centre to support the
dynamic evolution and continuous semantic enrichment of heterogeneous meta-
data and registry descriptions of arts and humanities resources and collections.
MORe has been used extensively for Europeana metadata aggregation in the
CARARE and LoCloud projects, supporting semi-automated and manual digital
curation activities, and leveraging workflows of external services such as historic
names gazeteers and SKOS vocabularies. It supports the curation of resources “in
the wild” such as Wikimedia assets, and connects with client systems, including
Omeka-based LoCloud Collections, and a Metadata Entry Tool that could support
“sheer curation” on a digital tablet at the point of creation.

Systems such as MORe herald a new approach to digital infrastructures,
beyond the architecture and functionalities of traditional repositories such as
Fedora or DSpace. Yet, a key challenge remains how to address the fact that arts
and humanities scholars, amateur researchers, memory institutions, collectors, and
online users and curators of digital information assets will continue to employ a
bricolage of digital tools and methods available “at hand”, some of which may be
imprisoned within technical or commercially-controlled silos. An overarching
vision for future infrastructures might thus call for a radically expanded version of
custodial repositories, combining open cloud storage of dynamic, potentially
intelligent and self-documenting information objects with curation-enabled, dis-
tributed information systems and orchestrated, user-configurable services acces-
sible to multiple interfaces of end-user tools and applications in the continuum.
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Open Access to Research Data: Is it a Solution
or a Problem?

Vittore Casarosa

CNR - ISTI, Italy
Panel held in connection with TPDL 2015

Panel Introduction

In the past few years, we have witnessed a (slow) paradigm shift about the way in
which research results are being published and disseminated. More and more we have
seen the push for publishing research results as Open Access (OA) “digital publica-
tions” and more recently the push (especially from the European Commission) towards
“Open Science”. This means not only the OA publication of research results, but also
the OA publication of the “input to research”, i.e. the raw material underlying the
research process, generically identified as Research Data.

The main argument in favour of Open Access is that most of research is being done
with public funds, with research results and research data being produced in the public
interest, and therefore they should remain publicly available. Availability should be
restricted only by legitimate reasons, such as privacy protection or intellectual copy-
right. Of course, Open Access does not prevent commercial exploitation and protection
of the research results and the research data, with patents and copyrights.

Following the recommendations of the European Commission, to ensure open
access, publication should be done either by self archiving the material in an online
repository, or by open access publication in peer-reviewed open access journals, which
very often charge “Article Processing Charges” to the authors, to offset the cost of
making the content of the journal freely available. The first alternative is commonly
indicated as “Green OA” and the second one as “Gold OA”. The diagram below,
borrowed from the European Commission, summarizes these concepts.

The push towards open access to research data has only increased the number of
issues generally encountered with open access to scientific publications. More than ten
years ago, a report from OECD [1] identified and categorized the main issues related to
Open Access.

• Technological issues: Broad access to research data, and their optimum exploita-
tion, requires appropriately designed technological infrastructure, broad interna-
tional agreement on interoperability, and effective data quality controls;

• Institutional and managerial issues: While the core open access principle applies to
all science communities, the diversity of the scientific enterprise suggests that a
variety of institutional models and tailored data management approaches are most
effective in meeting the needs of researchers;



• Financial and budgetary issues: Scientific data infrastructure requires continued, and
dedicated, budgetary planning and appropriate financial support. The use of
research data cannot be maximized if access, management, and preservation costs
are an add-on or after-thought in research projects;

• Legal and policy issues: National laws and international agreements directly affect
data access and sharing practices, despite the fact that they are often adopted
without due consideration of the impact on the sharing of publicly funded research
data;

• Cultural and behavioural issues: Appropriate reward structures are a necessary
component for promoting data access and sharing practices. These apply to those
who produce and those who manage research data.

Panel Objectives

Given the breadth and depth of all the issues, it should be clear that the main objective
of the panel is not to solve the issues of Open Access. From one point of view, Open
Access to Research Data is the “solution” to achieve a “better and more efficient
science (Science 2.0)”. From another point of view, Open Access to Research Data
brings with it so many issues and problems that it might become an impediment to the
dissemination of research results. The panel will try to stimulate a discussion and an
exchange of ideas among the panellists, which is expected to trigger a wider discussion
with the audience, touching (some of) the benefits and issues mentioned before. The
panellists will bring to the table their experience in many of the issues mentioned
before, such as infrastructures and institutional repositories, data curation in libraries
and archives, long term preservation of data, education and training for data producers
and data curators, and so on.

As it is often the case in this type of events, most probably at the end of the panel
there will be even more questions than answers, but hopefully it will have contributed
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to gain a more global view and a better understanding of the issues related to the actual
implementation of Open Access to Research Data.

Panel coordinator
Vittore Casarosa (CNR-ISTI, Italy)

Panel participants
David Giaretta (Alliance for Permanent Access)
Steve Griffin (University of Pittsburgh, Pittsburgh, USA)
Herbert Maschner (University of Southern Florida, Tampa, USA)
Cezary Mazurek (Poznan Supercomputing and Networking Center, Poznan,

Poland)
Andy Rauber (Technical University of Vienna, Vienna, Austria)
Anna Maria Tammaro (University of Parma, Parma, Italy)
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Abstract. With the proliferation of public web archives, it is becom-
ing more important to better profile their contents, both to understand
their immense holdings as well as support routing of requests in the
Memento aggregator. To save time, the Memento aggregator should only
poll the archives that are likely to have a copy of the requested URI.
Using the CDX files produced after crawling, we can generate profiles of
the archives that summarize their holdings and can be used to inform
routing of the Memento aggregator’s URI requests. Previous work in
profiling ranged from using full URIs (no false positives, but with large
profiles) to using only top-level domains (TLDs) (smaller profiles, but
with many false positives). This work explores strategies in between these
two extremes. In our experiments, we gained up to 22 % routing precision
with less than 5 % relative cost as compared to the complete knowledge
profile without any false negatives. With respect to the TLD-only pro-
file, the registered domain profile doubled the routing precision, while
complete hostname and one path segment gave a five fold increase in
routing precision.

Keywords: Web archives · Profiling · CDX Files · Memento

1 Introduction

The number of public web archives supporting the Memento protocol [17]
natively or through proxies continues to grow. The Memento Aggregator [12],
the Time Travel Service1, and other services, both research and production, need
to know which archives to poll when a request for an archived version of a file
is received. In previous work, we showed that simple rules are insufficient to
accurately model a web archive’s holdings [3,4]. For example, simply routing
requests for *.uk URIs to the UK National Archives is insufficient: many other
archives hold *.uk URIs, and the UK National Archives holds much more than
just *.uk URIs. This is true for the many other national web archives as well.
1 http://timetravel.mementoweb.org/.
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In this paper we examine strategies for producing profiles of web archives.
The idea is that profiles are a light-weight description of an archive’s holdings to
support applications such as coordinated crawling between archives, visualiza-
tion of the archive’s holdings, or routing of requests to the Memento Aggregator.
It is the latter application that is the focus of this paper.

An archive profile has an inherent trade-off in its size vs. its ability to accu-
rately describe the holdings of the archive. If a profile records each individual
original URI (URI-R in Memento terminology) the size of the profile can grow
quite large and difficult to share, query, and update. On the other hand, an
aggregator making routing decisions will have perfect knowledge about whether
or not an archive holds archived copies of the page, or mementos (URI-Ms in
Memento terminology). On the other hand, if a profile contains just the sum-
maries of top-level domains (TLDs) of an archive the profile size will be small
but can result in many unnecessary queries being sent to the archive. For exam-
ple, the presence of a single memento of bbc.co.uk will result in the profile
advertising .uk holdings even though this may not be reflective of the archive’s
collection policy.

In this paper we examine various policies for generating profiles, from the
extremes of using the entire URI-R to just the TLD. Using the CDX files2 of
the UK Web Archive (covering 10 years and 0.5 TB) and the ODU copy of the
Archive-It (covering 14 years and 1.8 TB), we examine the trade-offs in profile
size and routing precision for three million URIs requests.

2 Related Work

Query routing is common practice in various fields including meta-searching
and search aggregation. Memento query routing was explored in the two efforts
described below, but they explored extreme cases of profiling. We believe that an
intermediate approach that gives flexibility with regards to balancing accuracy
and effort can result in better and more effective routing.

Sanderson et al. created exhaustive profiles [13] of various IIPC member
archives by collecting their CDX files and extracting URI-Rs from them (we
denote it as URIR Profile in this paper). This approach gave them complete
knowledge of the holdings in each participating archive, hence they can route
queries precisely to archives that have any mementos (URI-M) for the given URI-
R. It is a resource and time intensive task to generate such profiles and some
archives may be unwilling or unable to provide their CDX files. Such profiles
are so big in size (typically, a few billion URI-R keys) that they require special
infrastructure to support fast lookup. Acquiring fresh CDX files from various
archives and updating these profiles regularly is not easy.

Many web archives tend to limit their crawling and holdings to some specific
TLDs, for example, the British Library Web Archive prefers sites with .uk TLD.
AlSum et al. created profiles based on TLD [3,4] in which they recorded URI-R
2 CDX files are created as an index of the WARC [10] files generated from the Heritrix

web crawler; see [8] for a description of the CDX file format.
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Count and URI-M Count under each TLD for twelve public web archives. Their
results show that they were able to retrieve the complete TimeMap [17] in 84 %
of the cases using only the top 3 archives and in 91 % of the cases when using the
top 6 archives. This simple approach can reduce the number of queries generated
by a Memento aggregator significantly with some loss in coverage.

3 Methodology

In this study we used CDX files to generate profiles, but profile generation is
not limited to only CDX processing, it can also be done by sampling URI sets
and querying the live archives or by using full-text searching feature provided
by some archives. To deal with periodic updates of profiles, smaller profiles are
generated with new data and these small profiles are merged into the base profile.
Without an option to merge smaller profiles to build a large profile gradually,
updates will require a complete reprocessing of the entire dataset, including the
dataset previously processed. In these two cases the statistical measures such as
URI-R count cannot have absolute values, so we use the sum of URI-M counts
(as “frequency”) from all the profiles under each URI-Key and keep track of the
number of profiles they came from (as “spread”) as an indication of the holdings
as shown in Fig. 1.

URI-Key is a term we introduced to describe the keys generated from a
URI based on various policies. So far we have created policies that can be clas-
sified in two categories, HmPn and DLim. Policies of the generic form HmPn
mean that the keys will have a maximum of “m” segments from the hostname
and a maximum of “n” segments from the path. A URI-Key policy with only
one hostname segment and no path segments (H1P0 ) is called TLD-only pol-
icy (as discussed in Sect. 2). H3P0 policy covers most of the registered domains
(that have one or two segments in their suffix [11], such as .com or .co.uk).
If the number of segments are not limited, they are denoted with an “x”, for
example, HxP1 policy covers any number of hostname segments with maxi-
mum of one path segment and HxPx means any number of hostname and
path segments. Note that the HxPx policy is not the same as the URIR pol-
icy (as discussed in Sect. 2) because it strips off the query parameters from
the URI, while the URIR policy stores complete URIs. Policies of the generic
form DLim are based on the registered domain name, the number of segments
in sub-domain, path, and query sections of a URI and the initial letter of
the path. A generic template for this category of URI-Keys can be given as

Fig. 1. Sample profile in CDXJ format
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Fig. 2. Illustration of URI-Key

“registered domain)/[#subdomain[/#path[/#query[/path initial]]]]”.
The DDom policy includes only the registered domain name in Sort-friendly
URI Reordering Transform (SURT) [14] format, while DSub, DPth, DQry, and
DIni policies also include sections of the template up to #subdomain, #path,
#query, and path initial respectively.

Figure 2 illustrates the process of generating URI-Keys from a URI. URIs are
first canonicalized then go through SURT. For HmPn policies, query section and
fragment identifier of the URI are removed (if present), then depending on the
values of “m” and “n” any excess portions from the SURT URL are chopped off.
The hostname segments are given precedence over the path segments in a way
that no path segment is added until all the hostname segments are included,
hence uk,co)/images is an invalid URI-Key, but uk,co,bbc,news)/images
would be valid if the hostname is news.bbc.co.uk or www.news.bbc.co.uk. For
DLim policies, the registered domain name is extracted with the help of the
Public Suffix list (which is updated periodically). Then depending on the indi-
vidual policies, segments from zero or more sections (such as sub-domain and
path) of the URI are counted, and if necessary, the initial letter of the first path
segment is extracted (replaced with a “-” if not alphanumeric). These values are
then placed inside the above template to form the key.

4 Implementation

We have implemented a URI-Key Generator, more than one CDX Profiler, and
a script to merge profiles and published the code on GitHub3. We have also
made the code available for analyzing and benchmarking the profiles. We plan
to collect all the profiles generated from various places in a public repository,
but our script currently generates local files and publishes them in the form of
a public Gist4 if configured to do so.

Our initial implementation used JSON [5] and JSON-LD [15] for profile seri-
alization. It was good for small profiles, but for large profiles any data format that
has a single root node (such as JSON, XML, or YAML) introduces many scale
challenges. To make frequent lookup in these single root node profiles efficient,

3 https://github.com/oduwsdl/archive profiler.
4 https://gist.github.com/.

www.news.bbc.co.uk
https://github.com/oduwsdl/archive_profiler
https://gist.github.com/
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Fig. 3. Railroad diagram: CDXJ file format

they need to be completely loaded into memory, which becomes a bottleneck. A
single malformed character can make these profiles unusable. Hence a more lin-
ear key-value(s) based data formats such as CDX or ARFF [18] is more suitable
in such cases as they allow an arbitrary split of data and enable easier profile
merging. We have come up with a similar sort and index friendly file format
“CDXJ” that is a fusion of CDX and JSON formats as illustrated in Fig. 3 and
utilized in Fig. 1. The new CDXJ format also reduces the number of keys in a
profile as it allows partial key lookup as opposed to the JSON format where we
had to store all the intermediate smaller keys for higher level statistics.

Our initial implementation built the complete data structure in memory
before serializing it to a file. We encountered a limitation in Python’s dictio-
nary implementation that degrades performance significantly when the number
of keys in the dictionary is large. Hence, to make it scalable, we experimented
with different profile generation optimization techniques such as preprocessing
CDX files with standard Unix utilities (like grep, sort, uniq, sed, and awk) or
using key-value databases (file based or in memory) for intermediate processing.
The latter approaches involve more steps and setup, but scale well.

5 Evaluation

We generated 23 different profiles (17 HmPn policies, five DLim policies, and one
URIR policy) for each archive dataset to measure their resource requirement and
routing efficiency. To perform the analysis we prepared two types of datasets,
archive profiles and query URI-Rs. For profiles, we used two archives:

– Archive-It Collections – We acquired the complete holdings of Archive-It [9]
before 2013 and indexed the collections (in CDX format) to create a replica
of the service. The archive has 2,952 collections with more than 5.3 billion
URI-Ms and about 1.9 billion unique URI-Rs. Our Archive-It replica has more
than 1.9 million ARC/WARC files that take about 230 TB disk space in
compressed format. We created URI-Key profiles with various policies for the
entire archive from the CDX files.

– UK Web Archive – We acquired a publicly available CDX index dataset from
UKWA [16]. The dataset has separate CDX files for each year. We created
individual URI-Key profiles from each of the early 10 years of CDX files (from
year 1996 to 2005) with different profiling policies. We also created a combined
profile by incrementally accumulating data for each successive year to analyze
the growth. These 10 years of CDX files have about 1.7 billion URI-Ms and
about 0.7 billion unique URI-Rs.
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A second dataset was created by collecting three million URIs; one million
random unique URI-R samples from each of these three sources:

– DMOZ Archive – URIs used in a study of HTTP methods [1].
– IA Wayback Access Log – URIs extracted from the access log used in a study

of links to the Internet Archive (IA) content [2].
– Memento Aggregator Access Log – URIs extracted from the access log used in

a previous archive profiling study [4].

5.1 Profile Growth Analysis

In commonly used CDX files each entry corresponds to a URI-M5. The length of
each line in a CDX file depends on the length of the URI-R in it. Our experiment
shows that the average number of bytes per line (α) in our dataset is about 275,
which means every one gigabyte of CDX file holds about 3.9 million URI-Ms.
Figure 4(a) can be used to estimate α in a CDX file. Equation 1 can be used to
quickly estimate number of URI-Ms (Cm) in a large collection if total size of
CDX files in bytes (Sc) is known.

Cm =
Sc

α
(1)

Figure 4(b) shows the relationship between URI-M Count (Cm) and URI-R
Count (Cr) in two ways; (1) for each year of UKWA CDX files individually as
if they were separate collections and (2) accumulated ten consecutive years of
data one year at a time while each time it recalculates total number of unique
URI-Rs visited. The ratio of URI-M Count to URI-R Count (γ) as shown in
Eq. 2 is indicative of the average number of revisits per URI-R for any given
time period. The value of γ varies from one archive to the other because some
archives perform shallow archiving while others revisit old URI-Rs regularly.
In our dataset the value of γ is 2.46 for UKWA and 2.87 for Archive-It. The
accumulated trend better accounts for how archives actually grow over time. It
follows Heaps’ Law [6] as shown in Eq. 3 where URI-Rs are analogous to unique
words in a corpus. K and β are free parameters that are affected by the value
of γ, but the actual values are determined empirically. For the UKWA dataset
K = 2.686 and β = 0.911.

γ =
Cm

Cr
(2)

Cr = KCβ
m (3)

URI-Keys are used as lookup keys in the URI-Key profile. The number of
URI-Keys is a function of URI-Rs, not URI-Ms, hence increasing URI-Ms with-
out introducing new URI-Rs does not affect the number of URI-Keys, instead, it

5 In our dataset Archive-It has 0.71 % non-HTTP entries in their CDX files while
UKWA has no non-HTTP entries.
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(a) URI-Ms Growth with CDX Size (b) URI-R Growth with URI-M Count

(c) Space Cost (d) Time Cost

Fig. 4. Growth costs analysis for different profiling policies

only changes the value. Figure 4(c) shows the number of unique URI-Keys (Ch)
generated for different numbers of unique URI-Rs (Cr) on different profiling
policies. Every profiling policy follows a straight line with a slope value (φpolicy)
and zero Y-axis intersect because for zero URI-Rs there will be zero URI-Keys.
For a given profile policy, we define the ratio of URI-Key Count to URI-R Count
as Relative Cost (φpolicy) as shown in Eq. 4. The Relative Cost (φpolicy) varies
from one archive to the other based on their crawling policy. Archives that crawl
only a few URIs from each domain will have relatively higher Relative Cost than
those who crawl most of the URIs from each domain they visit. Table 1 lists
φpolicy values for UKWA dataset.

φpolicy =
Ch

Cr
(4)

Figure 4(d) illustrates the time required to generate profiles with different
policies and different data sizes. Previously we used memory based, but now we
use a file based profiling, which scales better and allows for distributed process-
ing. Our experiment shows that the profiling time is mostly independent of the
policy used, but we found that DLim policies take slightly more time than HmPn
policies because they require more effort to extract the registered domain based
on the public suffix list. We found that about 95 % of the profiling time is spent
on generating keys from URIs and storing them in a temporary file while the
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Table 1. Relative cost of various profiling policies for UKWA.

Policy Rel. Cost Policy Rel. Cost Policy Rel. Cost

φH1P0 8.5e-07 φH5P0 0.01368 φH3P3 0.34668

φH2P0 0.00026 φHxP0 0.01371 φHxP2 0.36298

φH2P1 0.00038 φDPth 0.01577 φHxP3 0.49902

φH2P2 0.00056 φDQry 0.01838 φHxP4 0.58442

φDDom 0.00857 φDIni 0.06892 φHxP5 0.64365

φH3P0 0.00858 φH3P1 0.11812 φHxPx 0.70583

φDSub 0.00876 φHxP1 0.16247 φURIR 1.00000

φH4P0 0.01340 φH3P2 0.25379

remaining time is used for sorting and counting the keys and writing the final
profile file. Hence a memory based key-value store can be used for the temporary
data to speed up the process. Also, when an archive has a high value of γ, it
might be a good idea to generate keys from each URI-R only once and multiply
the keys with the number of occurrences of the corresponding URI-Rs, but when
profiles are generated on small sub-sets of the archive there is a lower chance
of revisits. Mean time to generate a key for one CDX entry τ can be estimated
using Eq. 5 where T is the time required to generate a profile from a CDX file
with Cm URI-Ms. The value of τ depends on the processing power, memory, and
I/O speed of the machine. On our test machine it was between 5.7e-5 to 6.2e-5 s
per URI-M (wall clock time). As a result, we were able to generate a profile from
a 45GB CDX file with 181 million URI-Ms and 96 million unique URI-Rs in it
in three hours.

τ =
T

Cm
(5)

Figure 5 illustrates the correlation among the number of URI-Keys Fig. 5(a)
and profile size on disk Fig. 5(b) for various collection sizes with various pro-
filing policies. The policies are sorted in the increasing order of their resource
requirement. If generated profiles are compressed (using gzip [7] with the default
compression level), for bigger profiles they use about 15 times less storage
than uncompressed profiles, but result in a similar growth trend. These figures
are helpful in identifying the right profiling policy depending on the available
resources such as storage, memory, computing power. Here are some common
observations in these figures:

– For host segments less than three, path segments do not make a significant
difference as they are not included unless all the host segments of the URI are
already included.

– Keeping either the hostname or path segments constant while increasing the
other shows growth in the value, but the growth rate decreases as the segment
count increases.

– DDom profile shows quite the same results as H3P0 profile.
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(a) URI-Key Count. (b) Profile Size.

Fig. 5. Resource requirement for various profiling policies and collection sizes

– The last data-point (HxPx) shows a different trend, it is not just one path
segment ahead of its predecessor (HxP5), but any path segments more than
5 are included in it.

– Growth due to path segments is significantly faster than the growth due to
hostname segments.

– If a single path segment is to be included, it is better to include all host
segments as it will not cause any significant resource overhead, but will provide
better details.

5.2 Routing Efficiency

To analyze the routing efficiency of profiles, we picked eight policies from the 23
policies we have used to generate profiles for both the archives in our dataset.
These policies are TLD-only (H1P0 ), H3P0, HxP1, and all the five variations of
the DLim policies. We then examined the presence of resources in the archives
for our three query URI sample sets, each containing one million unique URI-
Rs. Based on the profiling policy, a query URI-R is transformed into a URI-Key
then it is looked up in the URI-Key profile keys to predict its presence.

To establish a baseline, we only check to see if the lookup key is present in the
profile and do not use the statistical values (such as their frequency) present in
the profile. This brings false positives in the result, but no false negatives, hence
we do not miss any URI-Ms from the archive for the query URI-R. Table 2 is
a good indicator of why archive profiles are useful: since both archives have
< 5% of any of the query sets, there would be many unnecessary queries if an
aggregator simply broadcasted all queries to all archives.

Routing Precisionpolicy =
|URI-R Present in Archive|

|URI-R Predicted by Profilepolicy in Archive| (6)

As illustrated in Fig. 6(a) and (b), from both archives it can be seen that the
Routing Precision (as defined in Eq. 6) grows when a profile with higher Relative
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(a) Precision in Archive-It. (b) Precision in UKWA.

(c) Precision and Cost in Archive-It. (d) Precision and Cost in UKWA.

Fig. 6. Routing precision of different profiling policies in different archives.

Cost is chosen. Figure 6 shows that DDom profile doubles the precision as com-
pared to the TLD-only profile and the HxP1 profile brings five fold increment
in the routing precision. These figures also show that inclusion of sub-domain
count does not affect the results much as there are not many domains that are
utilizing more than one sub-domain. Figure 6(c) and (d) show that there is sig-
nificant gain in Routing Precision with little increment in Relative Cost. The
difference in the trends of Fig. 6(c) and (d) can be understood by means of the
following factors:

– Table 2 shows that less than 0.3 % of the sample URIs from MementoProxy
and IAWayback logs are archived in UKWA. This affects the growth in Routing
Precision (on Y-axis) from one profile to the next.

– UKWA uses a shallow crawling policy which results in higher Relative Cost.
This increases the distance (on X-axis) from one profile to the next.

A URI-Key profile is more robust than a URIR profile because it can predict
the presence of resources in an archive that were added in the archive after the
profile was generated. For example, if a new image Large-Logo.png is added
under bbc.co.uk/images, it is very likely that the archives that crawl BBC will
capture the new image. Without any update the URI-Key profile illustrated in
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Table 2. Presence of the sample query URI-Rs in each archive.

Archive DMOZ MementoProxy IAWayback

Archive-It 4.097 % 4.182 % 3.716 %

UK Web Archive 1.912 % 0.179 % 0.231 %

Fig. 1 will be able to predict the presence of the new resource, but a URIR profile
will need an update to include the new URI-R before it can predict it.

6 Future Work and Conclusions

In this paper we have examined the space and precision trade-offs in different
policies for producing profiles of web archives. We defined the term “URI-Key”
to refer to the keys generated from a URI based on various policies that are used
to track the distribution of holdings of an archive at different hostname and path
depths or different segment counts. We found that the growth of the profile with
respect to the growth of the archive follows Heaps Law, but the values of free
parameters are archive dependent. We implemented a URI-Key generator and
profiler scripts and published the code. We used CDX files from ODU’s Archive-
It replica and the UK Web Archive for generating profiles, and evaluated the
profiles using a query set of three million URIs, created from one million URIs
from each of DMOZ, IA Wayback access logs, and Memento Aggregator access
logs. With precision defined as correctly predicting that the requested URI is
present in the archive, we gained up to 22 % routing precision without any false
negatives with less than 5 % relative cost as compared to the complete knowledge
profile (URIR profile) that has both routing precision and relative cost 100 %.
The registered domain profile doubles the routing precision with respect to the
TLD-only profile, while a profile with complete hostname and one path segment
gives five fold routing precision. We found that less than 5 % of the queried URIs
are present in each of the individual archives. As a result, looking each URI up in
every archive is wasteful. Hence, even a small improvement in routing precision
can save a lot of resources and time in Memento aggregation.

Going forward, we plan to study the trade-off between the routing precision
and recall by utilizing the statistical values stored against each key in the profile.
We plan to develop a more sophisticated non-absolute statistical property to
predict distribution of the holdings for various lookup keys that remains useful
after merging multiple profiles. We plan to combine results of more than one
type of profiles (such as Time and URI-Key) to improve the routing precision
and recall. We also plan to create profiles of live archives from non-CDX sources,
such as URI and keyword sampling to generate URI-Key, Language, Time, and
Media Type profiles. We would also like to generate classification based profiles
such as news, social media, game, and art. Finally, we would like to implement
a production ready profile based Memento query routing system to be used in
aggregators.
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Abstract. Web annotation has been receiving increased attention
recently with the organization of the Open Annotation Collaboration
and new tools for open annotation, such as Hypothes.is. In this paper,
we investigate the prevalence of orphaned annotations, where a live Web
page no longer contains the text that had previously been annotated
in the Hypothes.is annotation system (containing 6281 highlighted text
annotations). We found that about 27 % of highlighted text annotations
can no longer be attached to their live Web pages. Unfortunately, only
about 3.5 % of these orphaned annotations can be reattached using the
holdings of current public web archives. For those annotations that are
still attached, 61 % are in danger of becoming orphans if the live Web
page changes. This points to the need for archiving the target of anno-
tations at the time the annotation is created.

Keywords: Web annotation · Web archiving · HTTP

1 Introduction

Annotating web resources helps users share, discuss, and review information
and exchange thoughts. Haslhofer et al. [9] define annotation as associating extra
pieces of information with existing web resources. Annotation types include com-
menting on a web resource, highlighting text, replying to others’ annotations,
specifying a segment of interest rather than referring to the whole resource,
tagging, etc.

In early 2013, Hypothes.is1, an open annotation tool, was released and is
publicly accessible for users to annotate, discuss, and share information. It pro-
vides different ways to annotate a web resource: highlighting text, adding notes,
and commenting on and tagging a web page. In addition to that, it also allows
users to share an individual annotation URI with each other as an indepen-
dent web resource. The annotation is provided in JSON format and includes
the annotation author, creation date, target URI, annotation text, permissions,
tags, comments, etc.
1 http://hypothes.is.

c© Springer International Publishing Switzerland 2015
S. Kapidakis et al. (Eds.): TPDL 2015, LNCS 9316, pp. 15–27, 2015.
DOI: 10.1007/978-3-319-24592-8 2
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One of the well-known issues of the Web is that Web pages are not fixed
resources. A year after publication, about 11 % of content shared on social media
will be gone [12,13], and 20 % of scholarly articles have some form of reference
rot [10]. Lost or modified web pages may result in orphaned annotations, which
can no longer be attached to their target web pages.

Figure 1 shows a web page http://caseyboyle.net/3860/readings/against.
html which has 144 annotations from Hypothes.is. The text with darker high-
lights indicates more users have selected this part of the page to annotate.
The issue here is that all of these annotations are in danger of being orphaned
because no copies of the target URI are available in the archives. Figure 2 shows
the annotation “Who does that someone have to be?” on the highlighted text
“Get someone integrate it into bitcoin/litecoin/*coin” at the target URI http://
zerocoin.org/, created in January 2014. In January 2015, this annotation can
no longer be attached to the target web page because the highlighted text no
longer appears on the page, as shown in Fig. 3. Although the live Web version of
http://zerocoin.org/ has changed and the annotation is orphaned, the original
version that was annotated has been archived and is available at Archive.today
(http://archive.today/20131201211910/, http://zerocoin.org/). The annotation
could be re-attached to this archived resource.

In this paper, we present a detailed analysis of the extent of orphaned high-
lighted text annotations in the Hypothes.is annotation system as of January,
2015. We also look at the potential for web archives to be used to reattach these

Fig. 1. Using the Hypothes.is browser extension to view the 144 annotations of http://
caseyboyle.net/3860/readings/against.html

http://caseyboyle.net/3860/readings/against.html
http://caseyboyle.net/3860/readings/against.html
http://zerocoin.org/
http://zerocoin.org/
http://zerocoin.org/
http://archive.today/20131201211910/
http://zerocoin.org/
http://caseyboyle.net/3860/readings/against.html
http://caseyboyle.net/3860/readings/against.html
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Fig. 2. http://zerocoin.org/ in January 2014

Fig. 3. http://zerocoin.org/ in January 2015

http://zerocoin.org/
http://zerocoin.org/
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orphaned annotations to archived versions of their original targets. We find that
27 % of the highlighted text annotations at Hypothes.is are orphans, and only
a few can be reattached using web archives. Further, we show that 61 % of the
currently attached annotations could potentially become orphans if their live
Web resources change, because there are no archived versions of the annotated
resources available. Our analysis points to the potential for reducing orphaned
annotations by archiving web resources at the time of annotation.

2 Related Work

Annotation has long been recognized as an important and fundamental aspect
of hypertext systems [11] and an integral part of digital libraries [1], but broad
adoption of general annotation for the Web has been slow. Annotations have been
studied for digital library performance [6,17] and methods have been explored
for aligning annotations in modified documents [4], but typically such studies
are limited to annotation systems specific for a particular digital library. While
orphaned annotations of general web pages have been studied in the context of
Walden’s Paths [5,7], our study of Hypothes.is is a more recent evaluation of
annotation and page synchronization in a widely deployed system.

Memento [18] is an HTTP protocol extension that aggregates information
about the resources available in multiple Web archives. We can use Memento to
obtain a list of archived versions of resources, or mementos, available in several
web archives. In this paper, we use the following Memento terminology:

– URI-R - the original resource as it used to appear on the live Web. A URI-R
may have 0 or more mementos (URI-Ms)

– URI-M - an archived snapshot of the URI-R at a specific date and time, which
is called the Memento-Datetime, e.g., URI-M i = URI-R@ti

– TimeMap - a resource that provides a list of mementos (URI-Ms) for a URI-R,
ordered by their Memento-Datetimes

There has been previous work in developing annotation systems to support
collaborative work among users and in integrating the Open Annotation Data
Model [15] with the Memento framework. The Open Annotation Collaboration
(OAC) [9] has been introduced to make annotations reusable through different
systems like Hypothes.is. Before publishing OAC, annotations would not be use-
ful if the annotated web pages were lost because annotations were not assigned
URIs independent from the web pages’ URIs. By considering annotations as
first-class web resources with unique URIs, annotation not only would become
reusable if their targets disappear, but also would support interactivity between
systems. Sanderson and Van de Sompel [16] built annotation systems which
support making web annotations persistent over time. They focus on integrating
features in the Open Annotation Data Model with the Memento framework to
help reconstructing annotations for a given memento and retrieving mementos
for a given annotation. They did not focus on the case of orphaned annota-
tions and assumed that the archived resources were available in web archives.
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Ainsworth et al. have estimated how much of the web is archived [2]. The result
indicated that 35–90 % of publicly accessible URIs have at least one archived
copy, although they did not consider annotations in their work, the result might
estimate the number of orphaned annotations by factors like how frequently
web pages are archived and the archiving process coverage. In other work [8,14]
researchers built annotation systems that can deliver a better user experience
for specialized users and scholars. The interfaces allow users to annotate multi-
media web resources as well as medieval manuscripts in a collaborative way. In
this paper, we focus on orphaned annotations and investigate how web archives
could be used to reattach these annotations to the original text.

3 Methodology

We performed our analysis on the publicly accessible annotations available
at Hypothes.is. The interface allows users to create different types of anno-
tations: (1) making a note by highlighting text and then adding comments
and tags about the selected text, (2) creating highlights only, (3) adding com-
ments and tags without highlighting text, and (4) replying to any existing
annotations. In January 2015, we downloaded the JSON of all 7744 pub-
licly available annotations from Hypothes.is. Figure 4 shows the JSON of the
annotation from Fig. 2 with relevant fields shown in bold. The “updated”
field gives the annotation creation date, “source” provides the annotation
target URI, “type”:“TextQuoteSelector” indicates that it is a highlighted
text annotation, “exact” contains the highlighted text, and “text” contains
the annotation text itself. We focus only on annotations with highlighted
text (“type”:“TextQuoteSelector”), leaving 6281 annotations for analysis. To
determine how many of those annotations are orphaned, for each annotation we
performed the following steps:

– Determine the current HTTP status of the annotation target URIs
(“source”).

– Compare selected highlighted text (“exact”) to the text of the current version
of the URI.

– Discover available mementos for the target URI.
– Search for highlighted text within the discovered mementos.

In Table 1, we show the top 10 hosts with annotations at Hypothes.is. Many
of these hosts, including the top three, are academic servers and appear to use
the system for annotation of scholarly work. Apart from this listing, we did not
attempt to make judgements about the content of the annotations or annotation
target text in our analysis.

3.1 Determining the HTTP Status

In the first step, the current HTTP status of annotation target URIs can be
obtained by issuing HTTP HEAD requests for all URIs. In addition, we extended
this to detect “soft” 401, 403, and 404 URIs, which return a 200 OK status but
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Fig. 4. An annotation described in JSON format, available at https://hypothes.is/api/
annotations/SvI30rBYR52gpaCh IiJgQ

actually indicate that the page is not found or is located behind authentication
[3]. One technique we used to detect “soft” 4xx is to modify the original URI
by adding some random characters. It is likely that the new URI does not exist.
After that, we download the content of the original URI and the new one. If the
content of both web pages is the same, we consider that the HTTP status of the
original URI is “soft” 4xx.

https://hypothes.is/api/annotations/SvI30rBYR52gpaCh_IiJgQ
https://hypothes.is/api/annotations/SvI30rBYR52gpaCh_IiJgQ
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Table 1. The top hosts with annotated pages

Number of annotations Host

1077 caseyboyle.net

886 rhetoric.eserver.org

246 umwblogs.org

131 hypothes.is

111 dohistory.org

101 www9.georgetown.edu

65 github.com

63 courses.ischool.berkeley.edu

55 www.nytimes.com

46 www.emule.com

The returned responses will determine the next action which should be made
for every URI. The resulting responses can be categorized into 3 different groups.
The first group contains URIs with hostnames localhost or URIs which are
actually URNs. The second group has URIs with one of the following status
codes: “soft” and actual 400, 401, 403, 404, 429 or Connection-Timeout. URIs
with 200 status code belong to the third group.

The first group, localhost and URN URIs, were excluded completely from
our analysis because these are pages that are not publicly accessible on the live
Web. URIs in the second group, soft/actual 4xx and timed-out URIs, have been
checked for mementos in the web archives. For URIs with response code 200,
we have compared their associated highlighted annotation text with both the
current version of the web page and the available mementos in the archives.
Even though some annotations are still attached to their live web pages, we are
still interested to see if they have mementos to know how likely those annotations
are to become orphans if their current web pages change or become unavailable.

3.2 Are Annotations Attached to the Live Web?

The second step is to compare the annotated text (“exact”) of each annotation
target URI that has a 200 HTTP status code with the current version of its web
page and see if they match; this can be done by downloading the web page and
extracting only the text which will be compared to the highlighted annotation
text. We use curl to access and download web pages. Then, we extract only the
text after cleaning it by removing all HTML tags, extra white-space characters,
and others. If the highlighted annotation text is not found in the web page, it is
considered not attached. For example, as shown in Fig. 3, the annotation text is
no longer attached to the web page as the highlighted text, shown in Fig. 2, has
been removed from the live web page.
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(a) Existing Mementos Before and After the Annotation Creation
Date

(b) Existing Mementos Only Before the Annotation Creation Date

(c) Existing Mementos Only After the Annotation Creation Date

(d) No Mementos for the Annotation Target

Fig. 5. Annotation and memento creation dates

3.3 Discovering Mementos for All Valid URIs

The third step is in discovering mementos for all valid annotation target URIs.
For this purpose, we used a Memento Aggregator [18], which provides a TimeMap
of the available mementos for a URI-R. It would be a time-consuming task to
check all available mementos for a URI-R to see whether they can be used to
recover web pages. For example, URIs like http://www.nytimes.com/ or http://
www.cnn.com/ have thousands of existing mementos in different archives. The
strategy that we use here is effective in terms of execution time. For each
URI, we only retrieve the nearest mementos to the annotation’s creation date
(“updated”). More precisely, we are capturing the closest memento(s) to the
date before the annotation was created and the closest memento(s) to the date
after the annotation was created.

http://www.nytimes.com/
http://www.cnn.com/
http://www.cnn.com/
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Table 2. HTTP status code for all annotation target URIs

Number of annotations Status code

5432 200

321 Time out

155 404

85 localhost

73 403

60 URN

47 401

46 410

37 Soft 401/403

17 400

8 Soft 404 and others

In Fig. 5(a), the annotation A was created at the time t5. The closest memento
to the date before t5 was M2 (captured at t4) while the closest memento to
the date after t5 was M3 (captured at t7). So, for this annotation we picked
the two closest mementos which are M2 and M3. Figure 5(b) is an example
where mementos are only available before the annotation creation date while, in
Fig. 5(c), mementos are only available after the annotation creation date. It is
also possible that an annotation target has no mementos at all as Fig. 5(d) shows.
If there are multiple closest mementos from different archives that share the same
creation date (memento-datetime), then we consider all of these mementos for
two different reasons. First, it is possible that at the time a memento is requested
from an archive, there would be a technical problem or server-related issue which
may affect returning the requested mementos. Second, we would like to know how
different archives could contribute to provide mementos and recover annotation
target text.

3.4 Are Annotations Attached to the Selected Mementos?

The final step is to see whether annotated URIs can be recovered by their memen-
tos. The same technique introduced in Sect. 3.2 is used to test mementos. If the
annotation target text (“exact”) matches the text in the discovered memento,
then we consider that this annotation is attached to the memento. Otherwise,
we consider that the annotation cannot be attached.

4 Results

We collected 7744 annotations from Hypothes.is. Table 2 shows the results of
checking the HTTP status code for the target URIs in each annotation. We find
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Table 3. Annotation targets with existing mementos before and after the annotation
creation date.

Number of
annotations

Attached to
live web page

Attached to
memento (L)

Attached to
memento (R)

902 Yes Yes Yes

9 Yes Yes No

28 Yes No Yes

9 Yes No No

31 No Yes Yes

4 No Yes No

12 No No Yes

71 No No No

Table 4. Annotation targets with existing mementos only before the annotation cre-
ation date

Number of annotations Attached to live web page Attached to memento (L)

599 Yes Yes

11 Yes No

14 No Yes

68 No No

Table 5. Annotation targets with existing mementos only after the annotation creation
date

Number of annotations Attached to live web page Attached to mementos (R)

0 Yes Yes

24 Yes No

0 No Yes

25 No No

that 13.5 % of the annotations have URI-Rs that are no longer available on the
live Web. In our further analysis, we will focus only on the 6281 annotations that
include highlighted text. After checking each annotation, we found that 4566,
or 72.7 %, of the highlighted text annotations are still attached to their live web
pages. This means that the remaining 27.3 % of the annotations are orphans.

Next for each annotation, we checked the archives for the presence of memen-
tos of the target URI near the annotation creation date. In Table 3 we consider
annotations that have mementos both before (“L”) and after (“R”) the anno-
tation date. “No” under the L and R columns means that annotation cannot
be attached to the nearest memento while “Yes” means that the annotation
attaches to the nearest memento.
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Table 6. Annotation targets with no existing mementos

Number of annotations Attached to live web

2737 Yes

1289 No

Table 7. Annotation targets recovered by different archives

Archive Attached to live web Not attached to live web

web.archive.org 1546 (86.5 %) 23 (20.3 %)

archive.today 249 (13.9 %) 59 (52.2 %)

wayback.archive-it.org 101 (5.65 %) 14 (12.3 %)

wayback.vefsafn.is 74 (4.14 %) 18 (15.9 %)

webarchive.nationalarchives.gov.uk 0 (0 %) 2 (1.76 %)

Total 1786 (110.2 %) 113 (102.5 %)

Table 4 shows the number of annotations that have mementos only on the L
side (before annotations were created) of the annotation date, and Table 5 shows
the number of annotations that have mementos only on the R side (after the
annotation creation date) of the annotation date. Finally, Table 6 illustrates the
number of annotations whose targets have no mementos. From these tables, we
see that 1715 (27 %) of the annotations can no longer be attached to their live
web pages. Unfortunately, the current holdings of web archives only allow 61 %
of these to be re-attached. As shown in Table 6, the majority of annotations have
no mementos available at all. Those that can no longer be attached to their live
web version are lost, but those that are still attached can be recovered if these
pages are archived before the annotated text changes.

Table 7 shows the number of annotations that can be recovered using various
archives, split by whether or not they are still attached to the live web. As
expected web.archive.org can be used to recover the most annotations, but
for those annotations not attached to the live web, we find that archive.today,
an on-demand service, can recover more orphaned annotations.

5 Conclusions

In this paper, we analyzed the attachment of highlighted text annotations in
Hypothes.is. We studied the prevalence of orphaned annotations, and found that
27 % of the highlighted text annotations are orphans. We used Memento to look
for archived versions of the annotated pages and found that orphaned annota-
tions can be reattached to archived versions, if those archived versions exist. We
also found that for the majority of the annotations, no memento exists in the
archives. This points to the need for archiving pages at the time of annotation.
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Abstract. In recent years, the importance of research data and the need
to archive and to share it in the scientific community have increased
enormously. This introduces a whole new set of challenges for digital
libraries. In the social sciences typical research data sets consist of sur-
veys and questionnaires. In this paper we focus on the use case of social
science survey question reuse and on mechanisms to support users in the
query formulation for data sets. We describe and evaluate thesaurus- and
co-occurrence-based approaches for query expansion to improve retrieval
quality in digital libraries and research data archives. The challenge here
is to translate the information need and the underlying sociological phe-
nomena into proper queries. As we can show retrieval quality can be
improved by adding related terms to the queries. In a direct comparison
automatically expanded queries using extracted co-occurring terms can
provide better results than queries manually reformulated by a domain
expert and better results than a keyword-based BM25 baseline.

Keywords: Scientific data management · Survey question retrieval ·
Survey question reuse · Query expansion · Co-occurrence analysis ·
Thesauri · Evaluation

1 Introduction

Digital libraries in academia increasingly include research data sets [4]. In order
to facilitate data reuse, a retrieval infrastructure for research data needs to be
built up [10]. Taking the example of quantitative social science research, research
data for the purpose of reuse mostly consist of survey data, i.e. data collected to
capture attitudes and behaviors as well as factual information of a population or
population groups. The core method of data collection in survey methodology
is the questionnaire. It provides the basis on which respondents’ answers are
converted into data that can be analyzed statistically. With respect to the reuse
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scenario of survey data, it is important to keep in mind that other researchers are
less interested in the entire survey. Rather they are looking for data on a single
studied phenomenon or social construct and how it is translated into individual
questions or items as part of the questionnaire.

Regarding the development of a retrieval infrastructure for survey question
reuse it is important to keep in mind that in the majority of cases the mea-
sured social construct can hardly be derived directly from the question text itself
(which is explained in more detail in Sect. 2). They need to be broken down into
measurable properties, this way getting operationalized in the form of survey
questions or items as part of a questionnaire – the so-called measuring instru-
ment. It is this operationalization process which is the main reason for the great
interest in concrete survey questions and which at the same time constitutes a
major challenge for the development of retrieval services for the reuse of survey
questions. Not only does the exact wording of a question determine whether a
survey question really is suitable to allow for conclusions on a phenomenon and
therefore is a valid measuring instrument. It also determines whether results of
one survey could be compared with results of another survey which pretends to
investigate the same phenomenon. Researchers then could resort to questions or
whole item batteries that have already been developed by other researchers and
used in various studies. Tested and established measuring instruments for the
social sciences can be found in special scientific databases like question banks.
Provided that a full text documentation of survey data questionnaires exists
researchers could find exactly those measuring instruments they need to opera-
tionalize their own research interest.

Based on an analysis of the search log files of ZACAT1, the GESIS online
study catalogue system, potential re-users of survey question usually search with
keywords related to the phenomenon they are interested in. This stands in con-
trast to the actual information contained in ZACAT where usually the actual
question text itself is stored whereas the underlying social construct could only
be found in the study description. For this reason a mere string-based search
query is not enough to find well-established survey questions suitable to mea-
sure phenomena directly linked to one’s own research interest. In this paper we
want to find out whether a query expansion system is a suitable tool to sup-
port the retrieval of survey questions. This retrieval support is motivated by
the idea to improve the reuse of survey questions across different studies and
questionnaires.

2 Social Science Survey Data

Social science surveys essentially consist of numerical data. The data files are
usually composed of tables which entail numbers or codes, which represent the
values of respondents’ answers to a survey question. It is for this reason why
subject content of a survey can hardly be concluded by the dataset itself, but
rather from other pieces of information linked to the study the data had been
1 http://zacat.gesis.org/webview/.

http://zacat.gesis.org/webview/
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collected for. It could only be derived from the study as a whole [6]. In general,
three different levels of survey data structure can be distinguished. On the study
level information about the general content of a study is provided. It includes,
for example, information about the research fields of the data producers as well
as the codebook. The narrower level is the variable level which gives detailed
information on the phenomena under study. It contains the different variables
which reflect the various dimensions of the definition of the studied phenomenon
laying the ground for the entire formulation of the questionnaire. The third level
is the question level. It contains the concrete questions or items the respondents
have to deal with, which could be formulated rather differently, ranging from
question format and statements (see Fig. 1) to tasks which need to be solved. In
this article we focus on the questionnaire, which is at the core of each survey.

A constitutive part of questionnaire design is the operationalization process
which stands for the translation of a research construct (e.g. antisemitism) into
measurable units. The researcher identifies the different dimensions of a con-
struct and defines it referring to relevant research literature, earlier studies or
even his or her own qualitative pre-studies in the field. He or she then derives
measurable aspects out of this definition which can be included in the different
survey questions (e.g. agreement/disagreement with the statement: “Jewish peo-
ple have too much influence in the world”). So the underlying research construct
is encoded, which is why it usually cannot be extracted or derived out of the
concrete question text. Only less complex social constructs or manifest variables
as for example demographic variables like sex and age or the level of education
usually appear in a questionnaire in their literal form.

The reuse scenario we focus on is based on the operationalization process as
part of every questionnaire design. The user group we have in mind are social
scientists who are planning to create their own surveys and who want to know
how to put their research interest into concrete survey questions or items as part

Fig. 1. Excerpt from the German General Social Survey (ALLBUS) 2012
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of a questionnaire. To the best of our knowledge there is no literature on the con-
crete search and information behavior of social scientists during the questionnaire
design process. Information services like ZIS2 illustrate the importance of doc-
umentation of social science measurement instruments. The problem at hand is
a typical information seeking problem where subject information resources (sur-
vey questions) have to be retrieved from a database by a search engine. Similar
to other retrieval problems, we have to deal with vagueness and ambiguity of
human language (see the following section on related work). This problem gets
even more pronounced given the fact that question texts, as well as search queries
in survey question databases, tend to be rather short. Typical survey questions
in our data set (see Sect. 4) are less than 100 characters long and typical search
queries contain less than two words.

3 Related Work

A typical problem that arises during every search-based retrieval task (in con-
trast to browsing or filter-based tasks) is the so-called language or vocabulary
problem [7]: During the formulization of an information need, a searcher can
(in theory) use the unlimited possibilities of human language to express him-
or herself [1]. This is especially true when expressing information needs in the
scientific domain using domain-specific expressions that are very unique and
context-sensitive. Every scientific community and discipline has developed its
own special vocabulary that is not commonly used by other researchers from
other domains. With regard to survey question retrieval, this problem is even
more pronounced as it is likely that the underlying topic of a survey question
is not directly represented in the question text. In this special setting of short
textual documents and a very domain-specific content, this long-known problem
becomes even more pronounced.

Hong et al. apply four methods for microblog retrieval [9]: query reformula-
tion, automatic query expansion, affinity propagation as well as a combination
of these techniques. To reformulate the query hashtags are extracted from tweets
and used as additional information for the query. Furthermore, every two con-
secutive words of the query are grouped and added to the query. A relevance
feedback model is used for automatic query expansion. The respective top ten
terms of the top ten documents are selected. The affinity propagation approach
is implemented by using a cluster algorithm to group tweets. The idea behind
this is that the probability of tweets being relevant is higher for those, which are
similar to relevant tweets. It is shown that automatic query expansion is a very
effective method, while affinity propagation is less successful.

Microblogging services like Twitter also face the vocabulary problem for short
texts. A tweet consists of up to 140 characters, while the question texts used in
this work have an average length of 83.57 characters. The latest research in
the field of microblog retrieval is therefore relevant for the problem at hand.
For instance, pseudo-relevance feedback [14] and document expansion [5] are
2 http://www.gesis.org/en/services/data-collection/zisehes/.

http://www.gesis.org/en/services/data-collection/zisehes/
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common approaches to address the vocabulary problem [3]. Jabeur et al. analyze
two approaches for microblog retrieval [11]. The first approach uses a retrieval
model based on Bayesian networks. The influence of a microblogger as well as
the temporal distribution of search terms are included in the calculation of the
relevance of a tweet. Here, only the usage of topic-specific features improved the
results. In the second approach, query expansion (pseudo-relevance feedback)
and document expansion methods are implemented. Tweets obtained by these
approaches are merged. Additionally, those tweets are extended by contained
URLs. Final scores are calculated by applying Rocchio-expansion as well as
using the vector space model. Document expansion combined with vector space
model improves retrieval results. Automatic query expansion does not increase
recall, but significantly increases precision.

To surpass the language problem in digital libraries tools like thesauri and
classifications try to control the vagueness of human language by defining a strict
rule set and controlled vocabularies. These tools can help in the query formu-
lation phase by actively supporting users in expressing their information need.
A wide range of possible query expansion and search term recommender tech-
niques are known in the information retrieval community [15]. These techniques
can be categorized (1) global techniques that rely on the analysis of a whole col-
lection, and (2) local techniques that emphasize the analysis of the top-ranked
documents [16]. While local techniques generally outperform global techniques,
global techniques cannot be applied. In web search engines, the use of query
suggestion systems is common, however, the situation in digital library systems
is different [13]. This holds true especially in the very special setting of survey
question retrieval. In digital library systems the use of knowledge organization
systems is common practice. Typically, entire collections are indexed with con-
trolled terms from a domain-specific thesaurus or a classification system. A query
expansion system might try to suggest terms that are closely related to both the
users initial query term, as well as the knowledge organization system. While
theoretically any kind of metadata may be recommended, the most promising
approaches [8] use terms from a knowledge organization system.

Commercial tools like Colectica or QuestionPro are software packages that
allow questionnaire designers to reuse questions. These tools include so-called
question banks that store previously used questions. These question banks only
allow basic string-based queries and are therefore not suitable for supporting
users in the best possible way. Indexing of research data with controlled vocab-
ularies has begun only recently. An overhauled version of Nesstar, the software
system for research data publishing and online analysis owned by the Norwegian
Social Science Data Services (NSD), provided an indexing function on the vari-
able level. Initially intended for indexing of research data of social science data
archive members of the European Social Science Data Archives Consortium
(CESSDA), it has not been implemented so far. Nevertheless, the CESSDA con-
sortium is planning to establish a database for social science survey questions
using the European Language Social Science Thesaurus (ELSST). Organizations
like the DDI Alliance highly advocate the reusability and the exchange of survey
metadata and proposes to use the DDI metadata standard.
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4 Test Collection Construction and Experimental Setup

In order to conduct a careful and considerable evaluation on the problem of
survey question retrieval, we chose to implement a TREC-style evaluation setup
with (1) a document corpus, (2) a set of topics, and (3) a set of relevance assess-
ments corresponding to the set of topics.

The document corpus was extracted from the ALLBUS (German General
Social Survey) and SOEP (German Socio-Economic Panel) questionnaires. It
contained 16,764 question- and sub-question texts (see Fig. 1 for an example).
The textual information was short, compared to normal TREC-style documents
like newspaper articles or web pages. The question texts contained in the corpora
had an average length of only 83.57 characters. We chose the ALLBUS and SOEP
data sets as both are relevant and domain-specific questionnaires that are used
in thousands of social science publications worldwide.

We extracted the topic set from log files (between 2012-01-01 and 2013-06-02)
of the social science data catalogue ZACAT. The log files of ZACAT were cho-
sen because these queries represent real-world usage patterns of scientists who
are looking for questionnaires and survey data sets. Typical TREC topic sets
consist of at least 50 topics so we extracted 60 queries from the log files. Since
the corpus of question texts consists of German texts solely and the ZACAT
queries were predominantly formulated in English, the queries were translated
into German (official translation from ALLBUS/SOEP were used if applicable).
The frequencies of the log entries show a typical power-law-like skewed distri-
bution. Therefore to select the set of topics the log entries were arranged in
descending order by their frequency. Queries were grouped according to their
frequency (high = more than 10 log entries; medium = 10 log entries which was
the mean value over all log entries; low = 1 log entry). To gather a good mix of
different kinds of query topics we selected random log entries from the different
groups: 27 common entries (high frequencies), 17 out of the medium frequent
and 16 from special (low frequent) entries. Most of the log entries (mostly the
high frequency ones) were short keyword queries (1.97 terms on average).

The ground truth was composed out of a set of 12,190 relevance assessments
based on a three level rating system (not relevant, (partially) relevant, and very
relevant). The relevance assessments were conducted manually by one single
person familiar with the domain and with a set of rules and guidelines for the
assessments. An example for such a guideline for the topic “democracy” was:

– very relevant: direct questions concerning democracy (e.g. “How content are
you with the present state of democracy in Germany?”);

– relevant: political questions concerning democracy in a broader sense (e.g.
party system, election, etc.);

– not relevant: everything else.

All retrieval experiments were conducted using Lucene with BM25 ranking and
language dependent settings (stemmers, stop words, etc.). In all experiments
we report on recall at n (R@5 and R@10) and on nDCG at n (nDCG@5 and
nDCG@10) calculated using TREC EVAL. In our setup we understand recall
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as fraction of the research questions that are relevant to the query and are
successfully retrieved within the first n results in the result list. Normalized
discounted cumulative gain (nDCG) is a measure of retrieval quality for ranked
lists that, in contrast to precision, makes use of graded relevance assessments
[12]. NDCG is computed as follows:

nDCG = Zi

R∑

j=1

2r(j) − 1
log(1 + j)

(1)

Zi is a constant to normalize the result to the value of 1. r(j) is an integer
representing the relevance level of the result returned at rank j where R is the
last possible ranking position. For our experiments the relevance levels are 0 =
irrelevant; 1 = relevant and 2 = very relevant. NDCG@n is a variation of this
calculation where only the top-n results are considered. We use nDCG@5 and
nDCG@10. The same two levels are chosen for the calculation of recall at n.
Here we simply count the relevant documents (relDocs) among the first 5 or 10
results and divide them by the actual level:

R@n =
|relDocs|

n
(2)

Since all our retrieval results are ranked we focus on the top five and ten results
for our evaluation. This is done to simulate the needs of a real world user who
is used to inspect only the first few results in a ranked list. All results are tested
for statistical significance using a paired t-test.

5 Query Expansion for Survey Question Retrieval

For each approach, queries are expanded as follows: A query consists of one or
more clauses which in turn consist of terms (or phrases) and Boolean operators
(for query syntax also see the Apache Lucene documentation). For each query
term, the corresponding expansion terms are retrieved and connected with the
query term by OR-operation. An example query for two query terms qt1 and qt2
with their corresponding alternative query terms qt1,alt would look like:

(qt1 OR qt1,alt OR . . . ) AND/OR (qt2 OR qt2,alt OR . . . )

For evaluation, we expanded the unprocessed queries from the query logs in
order to ensure a realistic setting.

5.1 Thesaurus-Based Expansion

Thesauri are tools to surpass the vocabulary problem: natural language allows
expressing things in various ways. One word can have the same (synonyms) or
different meaning (polysemes). Thesauri contain various associations and rela-
tionships between terms in the form of synonyms, associations, etc. By extending
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the query with these related terms, documents can be found which do not con-
tain the terms of the original query, but are still relevant with respect to the
information need of the user. Since thesauri are not developed automatically but
by creating relations manually between terms, this is an intellectual approach.
The first approach involves two different thesauri: (1) the Open Thesaurus (OT),
a general natural language and community-based thesaurus, (2) and the The-
saurus for the Social Sciences (TSS), a domain-specific thesaurus developed by
a small editorial group of domain experts [17].

The Open Thesaurus contains German synonyms, hypernyms, hyponyms and
associations. It does not consist of a domain-specific language and is licensed
under the LGPL (GNU Lesser General Public License) License. The TSS con-
tains descriptor-based synonyms, broader-, narrower and related terms as well
as preferred terms. For expanding the queries with the Open Thesaurus we limit
the terms to synonyms as well as associations. With TSS we limit the terms
to synonyms and related/preferred terms. The aim is to reduce the number of
suggested expansion terms. As there is no criterion to determine the “degree of
relatedness” to the query term, any limited selection would have been too ran-
dom. Therefore, all determined expansion terms are added to the original query
(by logically linking them to the original term with an OR function). These are
19.49 terms on average, which are retrieved from a database. Furthermore, to
ensure comparability between both thesauri approaches, similar kinds of rela-
tionships have to be used (synonyms, associations/related terms). The goal of
using a general thesaurus as well as a domain-specific thesaurus is to compare
natural language expansion to domain language expansion.

5.2 Co-occurrence-Based Expansion

As described in the previous section, the thesaurus-based query expansion is an
intellectual approach. Statistical approaches to determine terms for expansion
have proven to be more applicable [3]. In this paper the statistical method of co-
occurrence analysis has been tested. Co-occurrence analysis is a well-established
approach, which is for instance used in natural language processing or to support
manual coding of qualitative interviews [2]. It serves the purpose of the analysis
of term-term relationships. It is assumed that terms, which often occur within
the same context, are associated with each other and are, for example, similar
in meaning.

Since each similarity measure performs differently depending on the data we
used two different metrics: logarithmic Jaccard index, also known as the Jaccard
similarity coefficient and cosine similarity. We define the logarithmic Jaccard
index as follows:

Jlog(x, y) =
log(dfxy)

log(dfx + dfy − dfxy)
(3)

The cosine similarity is calculated as follows:

c(x, y) =
dfxy√

dfx + dfy
(4)
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dfx and dfy are the document frequencies of the terms x and y, thus the number of
documents these terms occur in. dfxy is the number of documents which contain
x as well as y. Jaccard index corresponds to intersection/union.

As we want our co-occurrence-based method to be comparable to our previous
approach that was based on a thesaurus we again focus on domain-specific vocab-
ularies. For this purpose, we use the social science literature database SOLIS with
more than 450,000 literature references from the social sciences. Each reference
includes title, abstract and controlled keywords from the TSS. Our system cal-
culates the semantic relatedness between any free text such as titles or abstracts
and controlled terms (TSS-terms) for an entire document corpus (stop word
removal and stemming is applied). Using co-occurrence measures like Jaccard
index or cosine similarity we calculated term suggestions taken from the TSS for
every query term. As an example, users who are looking for the string “youth
unemployment” in a social science context will get search term suggestions from
the thesaurus that are semantically related to the initial query such as “labor
market” or “education measure”. Another possible suggestion might be “adoles-
cent”, which is a controlled term for “youth”. The suggestions generated by this
approach go beyond simple term completion and can support the search expe-
rience. Since ALLBUS and SOEP do not include any annotated entries, we had
to use a different corpus to train our term recommender. ALLBUS, SOEP and
SOLIS share the same scientific domain and the same domain-specific language
which makes this cross-corpora term recommendation plausible.

The term suggestion system generates a ranked list of search term recommen-
dations from which we used the top 20 terms for query expansion. This amount
of terms was chosen because the average number of synonyms/related terms of
the thesaurus-based query expansion was 19.49.

6 Results

We ran a pretest involving simple keyword-based queries generated directly from
the log file entries and a hand-crafted query formulation from a domain expert
(Qexpert). Although the results are only slightly better, the domain expert’s
query formulation is chosen as the baseline for our further experiments. We com-
pare four different automatic QE techniques using two thesaurus-based (QEot

and QEtss) and two co-occurrence-based expansions (QEjac and QEcos) to this
baseline. These different systems are compared to the baseline using R@5, R@10,
nDCG@5, and nDCG@10 (see Table 1).

In general the thesaurus-based approaches were able to increase both preci-
sion and recall. QEot produces more precise results, while also increasing recall
compared to the baseline (nDCG@10 + 8.96 %, R@10 + 23.44 %). An expan-
sion with TSS improves retrieval results both in precision and recall as well
(nDCG@10 + 14.5 %, R@10 + 13.12 %). As the results show, QEot produces a
better recall than QEtss, while the latter is more precise. The co-occurrence-
based approaches produce similar results compared to each other regarding
recall, which is also better than the baseline as well as both thesauri (e.g. QEcos:
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Table 1. Results of the retrieval test on the survey questions comparing four dif-
ferent query expansion (prefix QE) techniques to the best manual query formulation
technique from a pretest (Qexpert). Best results are marked in bold font. Statistical
significant results are marked with the following confidence level: (*) α = 0.1.

R@5 R@10 NDCG@5 NDCG@10

Qexpert 0.0975 0.1502 0.4056 0.3918

QEot 0.1308 0.1854 0.4511 0.4269

QEtss 0.1245 0.1699 0.4857(*) 0.4486

QEjac 0.1265 0.1965 0.3411 0.3471

QEcos 0.1271 0.1938 0.4077 0.3998

R@10 + 29.03 %). The results of QEcos are slightly more precise than the base-
line, though less precise than the results of the thesauri. QEjac produces the
lowest values for nDCG.

Although the results are not statistically significant, the previously mentioned
criteria support the validity of the following results: Regarding the thesaurus-
based approaches, both thesauri produce distinctly more precise results as well
as a greater amount of relevant documents compared to the baseline. While
the nDCG values for both co-occurrence-based approaches are better than the
baseline, nDCG values are lower. A positive effect of all QE approaches was a
higher amount of relevant retrieved question items. All systems return a higher
number of relevant question items, while precision is also increased (except for
QEjac). With co-occurrence-based expansion, best results are produced with
cosine similarity. Cosine similarity delivers a higher number of relevant survey
questions, but with less precision compared to the thesauri methods. The most
relevant results are retrieved with logarithmic Jaccard index.

7 Conclusion and Future Work

Our evaluation shows that manual keyword-based search (Qexpert) for survey
questions suffers from very low recall rates and that our generated approaches
can provide better results without losing precision. This demonstrates that for
our use case query expansion is an appropriate approach to support survey
question retrieval as it provides better recall and precision. This constitutes an
important step to facilitate the reuse of survey questions for questionnaire design
in the social sciences.

The two different approaches we evaluated in this paper (thesaurus-based
and co-occurrence-based expansion) show different results when we compare
them to queries manually formulated by a domain expert. Even though our
approaches produce better results than the domain expert, the results are not
coherent. Generally speaking, the co-occurrence-based approaches were better
in increasing recall (R@10) while the thesaurus-based expansions were better in
increasing retrieval quality measured by nDCG. This might be related to the
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different expansion concepts that underlie the current experiment. The concept-
relations in a thesaurus are all intellectually curated and hand-crafted by domain
experts while the relations we calculated with our co-occurrence methods are
statistical values. The co-occurrences show that there is a statistical relatedness
between a term and a concept. On average, the statistical methods were able to
retrieve more relevant results – although this higher recall comes at the cost of a
lower quality. In general, the statistical methods were more liberal in suggesting
term-concept relations while the thesauri were stricter. This is an observation
that is also true for the two different thesauri used. The Open Thesaurus as
a common language thesaurus was better suited to improve both recall and
retrieval quality while the Thesaurus for the Social Sciences showed to be too
strict on higher recall levels (R@10). Taking the operationalization process as
part of every questionnaire design into consideration, this is hardly surprising
as survey questions in general do not address a discipline-specific community. A
broader and less domain-specific thesaurus seems to be the better tool for the
specific problem we faced in this study.

Another aspect that can be observed is the fact that automatic query expan-
sion not only achieves a higher recall but precision is also higher than through
intellectual expansion. Consequently, even domain experts would have profited
from the implementation of an interactive recommendation system which offers
term or query suggestions during the query formulation phase. In domain-specific
search scenarios, this has proven to increase retrieval performance and user sat-
isfaction [8]. Therefore, the TREC-style evaluation setting of this paper has to
be expanded for an interactive information retrieval setting.

In future work, we would like to do further experiments regarding a combina-
tion of intellectually and automatically generated query expansions. First exper-
iments show promising results as we could further improve nDCG values, as well
as the number of retrieved documents by combining the different approaches.
We would like to implement different topic-related query expansion systems and
evaluate the effects of using these specialized recommenders on each topic.
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Abstract. In this paper we report on an evaluation of unsupervised
labeling of audiovisual content using collateral text data sources to inves-
tigate how such an approach can provide acceptable results given require-
ments with respect to archival quality, authority and service levels to
external users. We conclude that with parameter settings that are opti-
mized using a rigorous evaluation of precision and accuracy, the quality
of automatic term-suggestion are sufficiently high. Having implemented
the procedure in our production work-flow allows us to gradually develop
the system further and also assess the effect of the transformation from
manual to automatic from an end-user perspective. Additional future
work will be on deploying different information sources including anno-
tations based on multimodal video analysis such as speaker recognition
and computer vision.

Keywords: Audiovisual access · Information extraction · Thesaurus ·
Audiovisual archives · Practice-oriented evaluation

1 Introduction

Traditionally, audiovisual content in digital libraries is being labeled manually,
typically using controlled and structured vocabularies or domain specific the-
sauri. From an archive perspective, this is not a sustainable model given (i) the
increasing amounts of audiovisual content that digital libraries ingest (quantita-
tive perspective), and (ii) a growing emphasis on improving access opportunities
for these data (qualitative perspective). The latter is not only addressed in the
context of traditional search, but increasingly in the context of linking within
and across collections, libraries, and media. Ultimately, search and linking is
shifting from a document-level perspective towards a segment-level perspective
in which segments are regarded as individual, ‘linkable’ media-objects. In this
context, the traditional, manual labeling process requires revision to increase
both quantity and quality of labels.
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In earlier years, we investigated optimization of the labeling process from
a “term suggestion” perspective (see e.g., [1]). Here the aim was to improve
efficiency and inter-annotator agreement by generating annotation suggestions
automatically from textual resources related to the documents to be archived.
In [2] we defined collateral data1 to refer to data that is somehow related to
the primary content objects, but that is not regarded as metadata, such as
subtitles, scripts and program-guide information. Previous work at our archive
emphasized the ranking of possibly relevant terms extracted from the collateral
text data, leaving the selection of the most relevant terms to the archivist. The
proposed term suggestion methods were evaluated in terms of Precision and
Recall by taking terms assigned by archivists as ‘ground-truth’. The outcome
was that a tf.idf approach gave the most optimal performance in combination
with an importance weighting of keywords on the basis of a Pagerank-type of
analysis of keywords within the structure of the used thesaurus (F@5 = 0.41).
One important observation of the study was that the inter-annotator agreement
was limited, with an average agreement of 44 %.

Although the results were promising, the evidence provided by the study was
not conclusive enough to justify adaptations of the archival annotation work-
flow and incorporate the suggested methodology. However, as the assumptions
that drove the earlier study are still valid and have become even more clear
and pressing, we recently took up the topic again. This time however from the
perspective of fully unsupervised labeling. The main reason for this is that we
expect that the efficiency gain of providing suggestions in a supervised labeling
approach is too limited in the context of the increasing amounts of data that need
labeling. Furthermore, instead of relying on topically condensed text sources such
as program guide descriptions used in the previous study, we include a collateral
text source more easily available in our production work-flow: subtitles for the
hearing impaired. Finally, as inter-annotator agreement is expected to be limited
given the earlier study, we wanted to investigate how this agreement relates to
an unsupervised labeling scenario that aims to generate labels for improving
access to audiovisual collections. This makes our task different from more generic
classification or tagging tasks such as done in the MUMIS project [3].

In this paper, we present an evaluation of unsupervised labeling focusing
on the practical usage of the method in an archive production environment. In
Sect. 2 we overview the archival context of the labeling approach. In Sect. 3 we
present the automatic term extraction framework that we used for the evalua-
tions described in Sect. 4. Section 5 discusses and concludes the results from the
evaluation, followed by some notes on future work.

2 Archival Context

The implementation of innovative processes for automatic content annotation in
an archive production work-flow needs to be addressed critically. A key
1 This data is sometimes also referred to as ‘context data’ but as for example news-

paper data can also be regarded as ‘context’ we prefer the term ‘collateral data’.
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requirement with respect to this type of innovation is that the archive remains in
control of the quality of the automatically generated labels. Not only because of
principals of archival reliability and integrity, but also from a service-level point
of view. Media professionals use a broadcast archive to search for footage that
can be re-used in new productions. The probability that their search process
will get disturbed due to incorrect automatic labeling is undesired, despite the
fact that the overall number of entry points generated by the automatic tool will
increase, potentially having a positive effect on the search process.

Authority, being in control of the quality of the annotation tool, also means
having control on parameters of the tool. In the case of automatic term label-
ing two important variables are: (i) quality, specifically the balance between
Precision and Recall –or from a classification perspective: Hits and False Posi-
tives versus Misses– that controls the relation between quantity and quality of
generated labels, and (ii) the vocabulary that in an archival setting could be
closely related to controlled vocabularies or thesauri that are used. In this work,
the automatic labeling process is required to output terms that are defined in
the Common Thesaurus for Audiovisual Archives2 (GTAA). The GTAA closely
follows the ISO-2788 standard for thesaurus structures and consists of several
facets for describing TV programs: subjects, people mentioned, named entities
(Corporation names, music bands etc.), locations, genres, producers and presen-
ters. The GTAA contains approximately 160.000 terms and is updated as new
concepts emerge on television. For the implementation of unsupervised labeling
in the archive’s metadata enrichment pipeline, the balance between Precision
and Recall, and the matching of candidate terms with the thesaurus have the
main focus of attention.

2.1 Data

The general aim of the project for which the evaluation described in this paper
was performed, is to label automatically the daily ingest of Radio and Television
broadcasts. This data is quite heterogeneous: it contains news broadcasts, doc-
umentaries and talk shows but also sports and reality shows. As named-entity
extraction tools typically perform better for common entities as opposed to less
common ones, we assume that the performance will differ for different genres.

For each program that is ingested also subtitles for the hearing impaired
(TT888) –a verbatim account of the (Dutch) speech present in the data– is flow-
ing into the archive. These TT888 files are used as input for the term-extraction
pipeline described in Sect. 3. Instead of subtitles also other collateral data such
as program guide information or production scripts and auto-cues could be used.
As the availability of these data is less stable as is the case for subtitles, we focus
on subtitles in the current work-flow.

For evaluation purposes we selected one year of previously ingested pro-
gramming for which we have manually generated labels, created by professional
2 http://datahub.io/dataset/gemeenschappelijke-thesaurus-audiovisuele-archieven.

http://datahub.io/dataset/gemeenschappelijke-thesaurus-audiovisuele-archieven
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archivists. This set will be referred to as ‘gold-standard’ in our (pilot) experi-
ments. However, as such a gold-standard implies exact matches or terminological
consistency, we also asked professional archivist to assess the conceptual consis-
tency (see also [4] about consistency, [1] for the approach that was taken earlier).

As discussed above, we use the internal thesaurus as a reference for extracted
terms. The GTAA is available as Linked Open Data [5] and its concepts are
identified through URIs. In the production system the extracted terms end-
up as URIs identifying GTAA concepts unique IDs, which in turn can also be
linked to and from using RDF relations. This allows us to in the near future
reuse background information in the Linked Data cloud insofar as it is linked
to or from those GTAA concepts. For the evaluation described here, the term-
extraction pipeline only used the “subject” and “named-entities” facets of the
thesaurus for validation.

3 Automatic Term Extraction

An overview of the term extraction pipeline is presented in Fig. 1. This shows the
different steps performed in the algorithm, detailed below. The term-extraction
pipeline is set up as a webservice. The webservice takes a single text, such as
the subtitles for a television broadcast, as input and outputs a list of relevant
thesaurus terms. This set-up allows the service to be re-used for other related
tasks such as the extraction of terms from digitized program guides or other
collateral data sources.

Fig. 1. Overview of the algorithm

The web service is called through a HTTP post request, where the input text
is passed in the body as a JSON string. At the same time, parameter settings
can be passed in the same HTTP request to override default values for these
parameters (see Sect. 3.4 for the parameters).

The output is a JSON object containing a list of thesaurus terms, on the
basis of the parameter settings used (if not overridden, the default values are
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returned). For every term, also a matching score is returned (see Sect. 3.3).
Within the archive production workflow, the service is called when new pro-
grams are ingested. The thesaurus terms provided by the service are then added
to the program metadata without manual supervision.

For the experiments described below, the subtitles are derived from an OAI-
PMH interface3 to the archive’s database. We retrieves for one or more programs
the subtitle information from the OAI response (the program metadata) and
remove the temporal metadata and other XML markup from the subtitles so that
we end up with a single subtitle text per program. These are then presented one
at a time to the service. As the extraction of subject terms and named entities
require an individual tuning of parameters, the textual data is processed in two
parallel tracks: one for subject terms and one for named entities (see Fig. 1).

3.1 Pre-processing and Filtering

For the subject track, the first pre-processing step is to remove stopwords using a
generic list of Dutch stopwords. In the next step, frequencies for 1, 2, and 3-grams
are generated. For the uni-grams (single terms) also normalized frequencies are
calculated using a generic list of Dutch word frequencies obtained from a large
newspaper corpus. In the filtering step, candidate terms (in the form of n-grams)
above a certain threshold value of frequency scores are selected. Frequency scores
are based upon both the absolute frequency (how often a term occurs in the
subtitles) and a relative frequency (normalized by the frequency of the term in
the Dutch language, only for 1-grams). The frequency thresholds are parameters
of the service. In the next phase, candidate n-gram terms are matched with
terms in the thesaurus.

3.2 Named Entity Recognition

In the named-entity track of the algorithm, Named Entities (NEs) are extracted.
Pilot studies determined that NEs –more so than non-entity terms– have a high
probability of being descriptive of the program, especially if they occur in higher
frequencies. For this track, we use a Named Entity Recognizer (NER). The NER
is implemented as a separate module in the service and we experimented with
different well-performing open-source systems NER systems for this module.

1. XTAS. The NER tool from the open-source xTAS text analysis suite.4

2. CLTL. An open-source NER module developed at the CLTL group5.

In the current Web service, the NER module to be used is a parameter of
the method and can be set to “XTAS” or “CLTL” for the respective services.
Both modules are implemented as wrappers around existing services which take
3 http://www.openarchives.org/pmh/.
4 http://xtas.net/. Specifically, the FROG module was used using default settings.
5 http://www.cltl.nl/. Here the OpenNER web service was used in combination with

the CLTL POS tagger.

http://www.openarchives.org/pmh/
http://xtas.net/
http://www.cltl.nl/
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as input a text (string) and as output a JSON list of entities and their types.
The types used by the web service are person, location, organization or misc.
Internal NE types from the individual modules are mapped to these four types

3.3 Vocabulary Matching

The previous phases yield candidate terms to be matched against the thesaurus
of five categories: subjects (from the subject track) and persons, places, organi-
zations, and miscellaneous (from the NE track). The next step in the algorithm
identifies the concepts in the thesaurus that match these terms. As there can be
many candidate terms at this stage and the GTAA thesaurus is fairly sizable
with some 160.000 concepts, we need to employ a method for matching terms
to thesaurus concepts that is scalable.

For this, the thesaurus has been indexed in an ElasticSearch instance6. Elas-
ticSearch is a search engine that indexes documents for search and retrieval. In
our case, thesaurus concepts are indexed as documents, with preferred and alter-
native labels as document fields. The concept schemes (facets or “axes” in the
GTAA) are represented as different ElasticSearch indices which allows for fast
search for term matches across and within a concept scheme. When searching
for concepts matching a candidate term, ElasticSearch will respond with candi-
date matches and a score indicating the quality of the match between candidate
term and the document. In our algorithm, we employ a threshold on this score,
resulting in an additional parameter. In this final step, the different categories
of candidate terms are matched to a specific concept scheme. For example, per-
sons are matched to the “Persoonsnamen” (Person names) concept scheme in
the GTAA thesaurus and both the subject terms and MISC are mapped to the
“Onderwerpen” (Subject) concept scheme.

3.4 Parameters

The algorithm parameters are shown in Table 1. This table shows the parameter
name, the default value and the description. All default values can be overrid-
den in the HTTP POST request. These default values were determined in pilot
experiments (Sect. 4.1) and the experiment described in Sect. 4.2 was used to
determine optimal values for a number of these parameters for a specific task.

4 Experiments

4.1 Pilot Experiments

We performed a number of pilot experiments to fine-tune the setup of the main
experiment. In one of these pilot experiments, we compared the output of an
6 http://www.elastic.co/products/elasticsearch.

http://www.elastic.co/products/elasticsearch
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Table 1. Parameters and default values for the service

Nr. Parameter name Default Description

P1 tok.min.norm.freq 4× 10−6 Threshold on normalized freq for 1-gram

P2 tok.max.gram 3 Maximum N for topic N-grams

P3 tok.min.gram 2 Minimum N for topic N-grams (excl. 1)

P4 tok.min.token.freq 2 threshold on absolute freq for 1-gram

P5 repository cltl NER module (xtas or cltl)

P6 ne.min.token.freq 2 Threshold on absolute freq for all NEs

P7 ne.organization.min.score 8 Threshold on ElasticSearch matching score

P8 ne.organization.min.token.freq 2 Threshold on absolute freq for

P9 ne.person.min.score 8 Threshold on matching score for persons

P10 ne.person.min.token.freq 1 Threshold on absolute freq for persons

P11 ne.location.min.score 8 Threshold on matching score for locations

P12 ne.location.min.token.freq 2 Threshold on absolute freq for locations

P13 ne.misc.min.score 8 Threshold on matching score for misc

P14 ne.misc.min.token.freq 2 Threshold on absolute frequency for misc

earlier version of the algorithm to a gold-standard of existing manual annota-
tions (see Sect. 2.1). The results showed that although there was some overlap7,
comparing to this gold standard was not deemed by the experts to be an infor-
mative evaluation, since many “false positives” identified by the algorithm were
identified to be interesting nonetheless. Therefore in subsequent experiments,
we presented the extracted terms to domain experts for evaluation. In this way,
only precision of the suggested terms can be determined (no “recall”). This pilot
also suggested that the correctness of suggested terms should be determined on
a scale rather than correct or incorrect.

In a second pilot experiment, we presented extracted terms for random pro-
grams to four in-house experts and asked them to rate this on a five point
Likert-scale [6]. The results were used to improve the matching algorithm and
to focus more on the named entities rather than the generic terms since the
matching here seemed to result in more successful matches. Lastly, in feedback
to this pilot the experts indicated that for some programs the term extraction
was considerably less useful than for others. This was expected but in order to
reduce the amount of noise from programming that from an archival perspec-
tive has a lesser degree of annotation priority, we selected programs with a high
priority8. For the main experiment we sampled from this subset rather than
from the entire collection. From this evaluation we derived default parameter
values shown in Table 1 which provided ‘reasonable’ results (not too many obvi-
ous errors) including for example the value for P4, P6, P8, P10, P12 and P14
(minimum frequencies for terms to be considered a candidate term).

7 For this non-optimized variant, recall was 21 %.
8 This prioritization is done by archivists independently of this work. It is in use

throughout the archive and mostly determined by potential (re)use by archive clients.
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In the main experiment, the goal was twofold: (i) to determine the quality of
the algorithm and (ii) to determine optimal values for other system parameters.

4.2 Experimental Setup

For the main experiment, we randomly selected 18 individual broadcasts from
five different Dutch television shows designated as being of high-priority by the
archivist. These shows are the evening news broadcast (4 videos), two talk shows
(3+4 videos), a documentary show (4 videos) and a sports news show (3 videos).
For these videos, we presented four evaluators with (a) the video, (b) the existing
metadata (which did not include descriptive terms) ad (c) the terms generated
by the algorithm using different parameter settings. The evaluators were asked
to indicate the relevance of the terms for the video on a five-point Likert scale:

0: Term is totally irrelevant or incorrect,
1: Term is not relevant,
2: Term is somewhat relevant,
3: Term is relevant,
4: Term is very relevant

Parameter Settings. Parameters P1-P4 were set to their default values as
listed in Table 1. These were established in the pilot experiments and proved
reasonable for this specific task. For P5, we used both values, so both NER
modules are evaluated. Some terms were found by both modules, and other
terms were found by only one of the two. Evaluators did not see the origin of the
terms. P6 was fixed to 2, as were the thresholds on the NE specific frequencies
(P7, P9, P11, P13). For the Elasticsearch matching scores, we used a bottom
threshold of 9.50 and presented all terms with a score higher than that value to
the evaluators. We retain the scores so that in the evaluation we can compare
the quality for threshold values of 9.50 and higher. The pilot studies showed
that with thresholds below 9.50, mostly incorrect terms were added. The scores
were also not available to the evaluators to avoid an evaluation bias. For the 18
videos, a total of 289 terms for XTAS and 222 terms for CLTL were presented
to the evaluators.

4.3 Results

One of the evaluators (Eval4) finished all 18 videos. Table 2 shows the statistics
for the four evaluators including the average score given for all terms. This shows
that there is quite some disagreement among the averages. To measure inter-
annotator agreement, we calculated the Pearson-coefficient between the pairs of
evaluators. The results are shown on the right in Table 2. The agreement between
Eval1 and Eval2 is rather low at 0.45, but for the other pairings it is on a more
acceptable level. For most of the subsequent evaluations, we use the average
score for an extracted term given by the evaluator.
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Table 2. Evaluator results (left) and inter-annotator agreement matrix (right)

Agreement

Evaluator Nr. evaluated Avg. score Eval2 Eval3 Eval4

Eval1 8 1.31 0.45 0.66 0.69

Eval2 14 2.21 0.63 0.74

Eval3 6 1.57 0.73

Eval4 18 1.64

Named Entity Modules. To determine the difference in quality of the two
NER modules, we separated the scores for the two values (CLTL and XTAS)
and determined the average score. If all terms are considered (respectively 289
and 222 terms for XTAS and CLTL), the average score for XTAS is 1.79 and
that for CLTL is slightly higher at 1.94. We can also plot the average scores of
the two modules given a single threshold on the matching scores for the terms
(in this case we use a single value for the threshold parameters P7, P9, P11 and
P13). This is shown in Fig. 2.

Fig. 2. Average scores (left) and precision graphs (right) for the global threshold values
on matching score for the two NER modules

This figure shows that the performance of the two modules is very compa-
rable. It shows that at very low thresholds (< 10), the performance for both
modules indeed drops considerably. Investigation of the data shows that below
10, mostly terms with average score 0 are added, which corresponds with findings
from the pilot study. Furthermore, the graph shows that increasing the thresh-
old, increases the average evaluation score for both modules. However, there is
only a slight gain between 10 and 16. Based on these results, we concluded that
the choice of NER module is of no great consequence to the overall quality of
the results
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Global Precision Values. Other than averages, we also determined precision
values by setting cutoff points to the average score. Specifically, we calculate PN

which we define as the precision, given that a term with a score of N or higher is
considered “correct”. We calculate this for N = 2 and N = 3, which corresponds
to minimum scores of “somewhat relevant” and “relevant” respectively. Figure 2
shows these values for the different global threshold values. Here, we can see that
the P2 values are around 0.7 to 0.8 for most threshold values (not considering
very high values where very few terms are added. The more strict version of P3

hovers around 0.4, which is considerably low. To get an even better insight in
the hits and misses of the two versions of the algorithm, for different values of
the threshold we list the number of terms evaluated in four bins (0-1, 1-2, 2-3,
3-4) . These are shown in Table 3 for both CLTL and XTAS. This table shows
for example that given a threshold on the matching score of 11, the algorithm
extracts a total of 155 terms when using the XTAS tool. In that case, 18 extracted
terms receive an evaluation between 0-1 and 116 receive an average evaluation
between 2 and 4 (41+75).

Table 3. Frequencies of terms in average evaluation bins for six threshold values.

Score bin Threshold

10 10.5 11 12 14 16

cltl xtas cltl xtas cltl xtas cltl xtas cltl xtas cltl xtas

0-1 42 62 26 31 21 23 18 18 8 5 2 1

1-2 16 20 15 19 13 16 12 16 8 13 3 4

2-3 40 48 37 42 37 41 37 41 22 26 10 10

3-4 81 88 73 78 68 75 62 70 29 33 9 14

Total 179 218 151 170 139 155 129 145 67 77 24 29

Individual Score Parameters. In the previous paragraphs, we have used a
global value for the parameters P7, P9, P11 and P13. We now look at optimal
values for each of these. For this, we weigh the Precision for each axis (Named
Entity class corresponding to one of the four parameters) against an estimated
recall. For this estimated Recall we assume that the total number of correct items
for that NE class is the total number to be found. This means that the maximum
Recall is 1.0 (which is found at threshold values 9.5). This is of course an incorrect
assumption but it does give us a gradually increasing Recall when the threshold
is lowered. Given that there are not significantly more false negatives than are
found, this is a reasonable estimate for the true Recall. After calculating the
Recall, we then calculated the F1 measure, which is the weighted average between
Precision and Recall. All three values are calculated with the assumption that
an average evaluation of 2 or higher is “correct”, we therefore get P2, Rest,2

and F1est,2. The maximum value for F1est,2 is an indication for the optimum
value of the threshold. These optimal values are presented in Table 4. This shows
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that the optimal threshold values are approximately 10 for person and 12 for
locations and miscellaneous (regardless of the NER module). For organizations,
the two modules present different values. This might reflect an artifact in the
data

Table 4. “Optimal” values for the threshold parameters for the four NE categories for
both NER modules. At these values the F1est,2 is maximized.

Threshold P2 Rest,2 F1est,2

cltl xtas cltl xtas cltl xtas cltl xtas

P7 (person) 10.12 10.12 0.58 0.54 0.88 0.83 0.7 0.65

P9 (organization) 10.56 12.05 0.8 0.76 0.89 0.85 0.84 0.8

P11 (location) 12.19 12.19 0.82 0.79 1.00 1.00 0.90 0.88

P13 (misc) 12.15 12.15 0.75 0.83 1.00 1.00 0.86 0.91

4.4 Result Summary

The evaluation results indicate that the agreement between evaluators is not very
high but at least acceptable. Using their assessments as ground-truth we saw
that precision values of around 0.7 to 0.8 are obtained in a less strict evaluation
where terms should minimally “somewhat relevant” (P2). When we apply a
stricter evaluation that requires a term to be “relevant”, performance drops to
around 0.4. Concerning parameter settings, thresholds in the range of 10 for
person and 12 for locations and miscellaneous provides optimal results. With
respect to the two NER modules we have seen that the choice of NER module
is of no significant consequence to the overall quality of the results.

5 Discussion and Conclusion

In this paper we reported on an evaluation of automatic labeling of audiovisual
content in an archive production environment. The aim was to evaluate if an
unsupervised labeling approach based on subtitles using off-the-shelf NER tools
and a baseline thesaurus matching approach would yield results that are accept-
able given archival production requirement with respect to quality, authority
and service levels to external users. We conclude that results are acceptable in
this context, with parameter settings that are optimized using a strict evaluation
approach, allowing only terms when they are relevant as opposed to somewhat
relevant. Precision given these parameter settings are sufficiently high to not
disturb the archival quality requirements but the downside is that Recall is
rather low: professional archivists will typically label content with more labels
then the automatic approach. However, given the pressure on manual resources
in the traditional work-flow, the current automated set-up is a useful starting
point. Furthermore, having a stable production work-flow running allows us to
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(i) monitor the longitudinal behavior of the approach, among others by asking
for feedback from external users, allowing us to assess the effect of the change
also from an end-user perspective, and (ii) work on incremental improvements,
gratefully deploying the experimentation framework that was set-up during the
research described here. We have seen that the NER modules used do not differ
much so that considerations such as stability, speed and resource use may be the
most important factors for choosing a module. However, we note that we only
tested two modules and there are many others around such as the Stanford NLP
toolkit [7] or GATE [8]. It is likely that NER modules that are trained specif-
ically on the type of input (in our case speech transcriptions) would improve
performance both in terms of recall and precision.

One of the first items on our future work list will be an analysis of results
over different genres of programming. In the current experiment we took ‘annota-
tion priority’ as a selection mechanism, but from a quality perspective it makes
more sense to select input to the term-extraction pipeline based on expected
performance. This will also allow us to investigate more effectively how improve-
ments can be obtained. Based on observations in the field, we expect that there
is room for improvement especially for non-common terms in the named-entity
track and aiming for a better capturing of global document features to improve
disambiguation and subject term assignment.

Other improvements in recall can be achieved through clustering of syn-
onyms, using (external) structured vocabularies or by improving the named
entity reconciliation (identifying the occurrence of the same entity in a text even
though spelling variants are used). Finally, we will also look into the use of other
collateral data sources such as program guides and scripts, and combinations
of data sources, potentially also coming from multimodal analysis components
such as speaker recognition and computer vision [9].
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Abstract. The need for good quality metadata records becomes a neces-
sity given the large quantities of digital content that is available through
digital repositories and the increasing number of web services that use
this content. The context in which metadata are generated and used
affects the problem in question and therefore a flexible metadata quality
evaluation model that can be easily and widely used has yet to be pre-
sented. This paper proposes a robust multidimensional metadata quality
evaluation model that measures metadata quality based on five metrics
and by taking into account contextual parameters concerning metadata
generation and use. An implementation of this metadata quality evalua-
tion model is presented and tested against a large number of real meta-
data records from the humanities domain and for different applications.

Keywords: Information quality models · Metadata quality · Context-
sensitive evaluation · Repositories · Research infrastructures

1 Introduction

The advent of large-scale information services and the appearance of informa-
tion aggregators, thematic portals, institutional gateways and repositories has
rendered metadata quality a key-issue for the development of research infrastruc-
tures as well as cultural heritage applications. Aggregators such as Europeana or
the Digital Public Library of America harvest volumes of metadata and provide
catalogues that link to millions of objects. Such organizations need mechanisms
to assure the quality of metadata they provide. The concept of quality refers to
the compliance to standards that make data appropriate for a specific use. Data
quality is determined in terms of a set of specific criteria: completeness, validity,
consistency, timeliness, appropriateness and accuracy constituents [1,2].
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However, the very nature of quality is subjective. For instance, a metadata
record that is 30 % complete (according to its corresponding schema) might be
of better quality for a specific application and domain than another record that
is 70 % complete. One reason could be that the metadata schema used fits bet-
ter to the domain of the described resources. Another reason could be that the
structure of a schema and its mandatory elements might describe clearly the
main features of the resources. Hence, although a record might not be com-
plete, it enhances the accessibility of the resource by human or machine agents.
The assessment of metadata quality is multidimensional and several parameters
should be taken into account to specify the context in which metadata are gener-
ated and used. For instance the domain the metadata refer to, is one significant
parameter, since the metadata schemas are not designed for just one domain.
Furthermore the application and targeted use of the metadata is another para-
meter, because different parts of a record are used by different applications and
the same elements are used differently.

This paper aims to develop a flexible metadata quality evaluation model
(MQEM) that takes into account contextual elements. The proposed model pro-
vides a set of metadata quality criteria as well as contextual parameters such
as the domain, the application and use. All these entities are combined in an
evaluation model that allows curators, data custodians and metadata designers
to assess the quality of their metadata and to run queries on existing datasets to
explore the applicability of a metadata schema as utilized by an application. A
major challenge that is also tackled is the implementation of MQEM so that it
can allow the easy integration of new domains, schemas and applications on the
basis of subjective as well as objective measurements of the defined metrics. The
next section presents a review of the metadata quality models and approaches
and sets the main requirements for the development of a context-based metadata
quality assessment model. Section 3 introduces the main concepts that define the
contextual parameters used by MQEM, while Sect. 4 defines the metadata qual-
ity metrics adopted by the proposed model. Section 5 presents some experimental
results for its validation and concluding remarks are made in Sect. 6.

2 Background

The existing diversity of metadata quality definitions, facets and measures
resulted in the need to establish common ground for communication within the
researchers’ community. Various initiatives attempted to create an unambigu-
ous framework in which any assessment effort would be based having reliable
indications about metadata quality. One of the first attempts in the field of
metadata quality assessment followed content analysis - a time-consuming and
labor-intensive method - in order to evaluate GILS aggregator records, establish-
ing a narrow set of criteria such as accuracy, completeness and serviceability [3].
In fact the study highlighted the value of an “appropriateness or fit-for-use” met-
ric. Other researchers [4] introduced a conceptual framework of metadata quality
indicators, while in another work [5] they narrowed enough the perspective of the
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evaluator focusing only on the completeness dimension. The completeness of the
metadata elements was also addressed by [6], which proposes a tertiary Metadata
Quality Framework considering completeness as the base level of assessment.
Built upon completeness results, accuracy and consistency metrics were applied
on three Open Access Cultural Heritage Repositories. A quality assessment base-
line was defined using a questionnaire to gather feedback on the importance of
specific elements but not element groups.

The work of Bruce and Hillman [7] is considered as a benchmark in the
pursuit of quality assessment as it specified a general set of metadata quality
criteria such as accuracy, completeness, timeliness, accessibility provenance, etc.,
accompanied by a set of metrics. The domain-independence that the framework
offered delegated the responsibility for a contextual wrap to posterior attempts.
[8] provides particular metrics for each criterion of [7] and thus extends the
scope of the Bruce and Hillman’s framework towards an automatic evaluation
of metadata quality. Moreover [11] adopted [7] to create a metric for metadata
quality assessment at data element level.

Stvilia et al. [9] addresses the context-dependend character of metadata qual-
ity and claim that metadata quality issues follow four major concepts: mappings,
changes to the information entity, changes to the underlying entity and context
changes. The aforementioned sources correspond to a taxonomy of 22 informa-
tion quality criteria which are clustered to three categories: intrinsic, relation and
reputational and are measured via 41 metrics. Also [10] recognises the impact of
the context in metadata quality and attempts a mapping of the dimensions of
[9] to the model introduced in [7].

From the literature analysis it can be inferred that the existing approaches
are either abstract [4] or extremely focused on one dimension e.g. completeness
[5]; they are using various sets of metrics [3,6] to obtain the same objective and
the majority of them are ignorant of the context of use [3,6,8]. MQEM assumes
that metadata quality strongly depends on the viewpoint of the evaluator. The
evaluation process should be in line with the domain, the use and the application
of the metadata and that was the main motivation for defining weighting func-
tions that depend on the aforementioned factors. Recent research suggests that
a metadata quality framework doesn’t have to “invent new dimensions in order
to accommodate the needs of diverse communities of practice” [2] but to give
the flexibility to each evaluator to assess the results within a specific context.
Additionally the proposed framework fulfils the requirements of an evaluation
framework as it (i) examines all the aspects of quality problems using a set of
dimensions corresponding to them (ii) clarifies the use of each dimension and
(iii) provides practical measures for the accomplishment of an evaluation
process [12].

3 Defining the Contextual Framework

The Metadata Quality Evaluation Model (MQEM) provides the mechanism for
incorporating the metadata quality criteria into a real-world quality measure-
ment application which takes into account not only the various schemas, domains
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Fig. 1. The contextual framework

and uses, but also the fact that metadata change over time, e.g. through curation
actions. In order to incorporate the notion of context into the proposed MQEM
six primary classes are defined. The classes are related to each other through
a set of properties. Hence a conceptual model is defined as Fig. 1 shows. The
definitions of the six classes are as follows:

Schema: The schema represents the metadata schema of an object, dataset
or collection. A metadata schema belongs to one or more domains, serves a
specific use and consists of specific element groups. For example, the CARARE
[13] metadata schema has been designed for the humanities domain and for the
needs of the evaluation presented in this paper a set of six element groups was
defined.

An element group is a group of elements that characterizes specific types of
information (e.g. spatial information, thematic information, etc.). The introduc-
tion of the element groups is of major significance as these are mainly used to
handle the complexities involved in the proposed model and they act as a glue
between the applications and metadata schemas. Each schema is split into basic
sets of elements that define the same type of information. Examples of such
element groups are: Identity, Thematic, Spatial, Temporal, Agent, Event (see
Table 1). Each element group can be split into sub-groups for denoting various
detail levels. For example, the Spatial element group could be split into: Label,
Address, Point and Area. It is easier to work with groups of elements rather
than individual ones (especially when dealing with complex schemas). For sim-
pler schemas, it is always feasible to define one element group per element.

Domain: Each evaluated dataset belongs to a domain. For example, the social
sciences and humanities domain might be too general for certain applications
and hence it should be split into sub-domains each one introducing different
contextual parameters per element group.

Use: A use qualifies to a specific domain and applies to an application. It may
range from a Generic use to more specific uses such as Research, Aggregation,
etc. Use bind together the applications, the intended use and the element groups.
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Table 1. Element groups descriptions

Element group Description

Identity Information used to identify a record. The id, title, collection
information are such examples.

Thematic Thematic information such as a subject.

Agent Any agent related information such as a creator, contributor, etc.

Spatial Any kind of spatial information from point coordinates to generic
text place labels.

Temporal Any kind of temporal information ranging from standard dates,
scientific dates, periods, or simple place labels.

Activity Information used to describe any kind of activity.

Application: An application at the instance level uses a specific schema and
hence the element groups that belong to that schema. Modeling an application
and incorporating it into an evaluation framework requires linking it to a schema
and a use, and analyzing it into its primary functionalities. For example, a simple
grey literature repository, from a user’s point of view contains the following func-
tionalities: Search, Browse and View. These functionalities are directly linked to
element groups that contain the corresponding information. In this particular
case, the browse functionality requires a thematic element group of a reasonable
accuracy and a highly accurate Identity element group.

Curation Action: A curation action consists of operations/transformations
performed on metadata records. Curation actions are incorporated into appli-
cations and thus ensure that adequate provenance and preservation infor-
mation concerning the digital objects is available according to a curation/
preservation strategy.

4 Quality Criteria and Metrics

The main challenge of defining metadata quality involves the definition of a
number of criteria along with appropriate metrics. The criteria introduced in
this paper are the following: (i) Completeness, (ii) Accuracy, (iii) Consistency,
(iv) Appropriateness, and (v) Auditability. These have already been introduced
in the literature, yet this paper presents two main innovations: (i) it redefines
them in a context-sensitive manner by using a weight function to regulate the
sensitivity of each metric according to the context it is used in (domain, use,
application) and (ii) it defines metrics not only on the basis of single elements
but on element groups. In addition the computation of these metrics has been
incorporated as a service into the MORe metadata aggregator [14].

Completeness: Completeness is a metric indicating the percentage of comple-
tion of the elements of a schema. This is a complex measure that can be analyzed
into three partial measures: (i) completeness of the mandatory set of elements,
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(ii) completeness of the ’recommended’ element set and (iii) completeness of
optional elements.

Although this definition may seem excessive for simple schemas such as
Dublin Core, in the cases of more complex schemas like MODS, LIDO,
CARARE, EAD this decomposition to element groups is necessary because:
(a) complex schemas aim to minimize ambiguities for the captured informa-
tion therefore are over-analytical by providing a large number of elements and
(b) complex schemas usually incorporate elements used for different domains or
types of objects in order to cover a broader range of needs. Therefore in such
complex schemas, which are usually organized in sets of elements, not all the
sets are required to properly describe an object and the absence of some in a
record is not an indication of poor quality. In such cases it is essential to evaluate
completeness on element groups rather than the schema as a whole.The metric
for completeness is defined as follows:

COMP =

∑N
i=1

∑Q
j=1 γj(d, u, a)comp(egij)

∑N
i=1

∑Q
j=1 γj(d, u, a)max(comp(egij))

(1)

where EG = {eg1, eg2, ..., egN}, N are the available element groups; Q is the
number of quantizations available. In particular for the completeness criterion
there exist three quality quanta: completeness of mandatory elements, complete-
ness of recommended elements and completeness of the total schema; comp(eg)
defines a function that computes the percentage of completeness for each ele-
ment group that belongs to a quantum (comp(eg) ∈ [0, 1]); γ(d, u, a) defines a
weighting function that depends on the context classes domain (d), use (u) and
application (a).

Accuracy: Indicates how accurate is the information provided to describe a
certain element. For example, a thematic subject term encoded as text is less
accurate than a subject term accompanied by a SKOS URI. Similarly, an address
is more accurate than a place label and less accurate than a point (encoded in
latitude/longitude). Although accuracy in general has an objective and a sub-
jective aspect, we here only deal with what can be automatically measured, i.e.
the objective aspect. Accuracy is measured per element group, and per accuracy
quantum. More than one accuracy quantum may be applied to the subgroups of
an element group (egi = ∪Qi

j=1egij). The metric for accuracy is defined as follows:

ACCU =

∑N
i=1

∑Qi

j=1 αj(d, u, a)accu(egij)
∑N

i=1

∑Qi

j=1 αj(d, u, a)max(accu(egij))
(2)

where EG = {eg1, eg2, ..., egN}, N are the available element groups; Qi is the
number of quantizations available in each element group and accu(eg) defines a
function that assigns a boolean value of accuracy for each element group that
belongs to a quantum (accu(eg) ∈ {0, 1}); α(d, u, a) defines a weighting function
that depends on the context classes domain (d), use (u) and application (a).
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Consistency: (i) Indicates whether the metadata values are consistent with the
acceptable types of the metadata elements described by the metadata schema.
For example, if a metadata schema defines that a language value has to be drawn
from a specific list (e.g. ISO 639-2) then non-conformance indicates a lack of con-
sistency. (ii) Indicates if the elements of a schema are used in a consistent manner
across a metadata record. For example, in the scope of a specific academic repos-
itory if the contributor element (dc:contributor) of the schema is only used to
define the committee of the reviewers of a thesis, then this element is used in
a consistent manner. Notice that in the latter case (ii) manual assessment of
the consistency of the value of an element is needed. Consistency is defined as
follows:

CONS = k

∑M
i=1 cons(ei)∑M

i=1 max(cons(ei))
+ l

∑M
i=1 δi(d, u, a)

∑M
i=1 max(δi(d, u, a))

(3)

where M the number of the metadata elements ei; cons(e) a function that eval-
uates to 0 or 1 according to case (i) above; δi(d, u, a) is a scoring function that
depends on the context classes domain (d), use (u) and application (a), that cor-
respond to the case (ii) consistency definition; k and l are non-negative weighting
co-efficients such that k + l = 1.

Appropriateness: Indicates whether the values provided are appropriate for
the targeted use. Hence this criterion is strongly affected by the contextual class
Use and is defined as follows:

APPR =
∑M

i=1 ζi(u)
∑M

i=1 max(ζi(u))
(4)

where M the number of the metadata elements ei and ζi(u) is a scoring function
that depends on the context class use (u) with values in [0, 1].

Auditability: Indicates whether the record can be tracked back to its origi-
nal form. This is most useful especially when a curation service is present. For
example, in the case of a metadata aggregator where metadata undergo trans-
formations by various curation micro-services it is important that the record
can be traced back to its previous form. Auditability is a Boolean metric
(AUDI ∈ {0, 1}) indicating whether or not the curation/preservation model
takes into account preservation and provenance allowing to trace back versions
produced by various curation actions. Specific content models and schemas for
audit logging, such as FoxML or PREMIS, can ensure auditability.

The mentioned individual metrics are combined by the following formula in
order to measure the quality of metadata:

QUALITY = w1COMP + w2ACCU + w3CONS + w4APPR + w5AUDI (5)

where w1, w2, w3, w4, w5 are weights representing the importance if each metric
in a metadata quality evaluation scenario.
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5 Experimental Validation

In order to validate the MQEM model, the mentioned metrics have been imple-
mented and incorporated in MORe metadata aggregator [14]. MORe aggregates
content from data sources and the metadata quality service assists an agent to
evaluate aggregated datasets before utilising them in applications and services.
The prototype does not implement the appropriateness (APPR) metric, due to
its exclusive dependency on the context of the agent which provides the metadata
to be aggregated.

Two experiments were designed for the MQEM validation. The first one
investigates the influence of the contextual classes Application and Use in mea-
suring the quality of metadata of the same Domain and Schema. The second
compares the quality of metadata of the same Domain, Application and Use,
but of different Schemas.

5.1 Experimental Setup

Sixty seven (67) packages containing approximately two million metadata items
(2113266) from the CARARE (Connecting ARchaeology and ARchitecture for
Europeana) project were used for the two validation experiments. CARARE
aggregated content from over 22 different providers related to the archaeology
and architecture heritage and delivered to Europeana over 2 million records
ensuring a high degree of homogeneity and quality [13,14]. Each item in these
packages consists of two metadata records, one record in the CARARE schema
and one in the Europeana Data Model1 (EDM).

Three element groups were evaluated for each schema: (i) the Identity element
group that includes elements for the monument, or collection, or digital object
identification such as ids, titles, etc. (ii) the Spatial element group that incor-
porates geographical metadata elements such as place labels, addresses, point
or area coordinates and (iii) the Temporal element group providing information
about dates (either in textual or in date range form) as well as period names.

Regarding the computation of the values of the Accuracy metric (ACCU),
three quanta were set. The Low concerns information of low quality including
mostly textual information such as labels. The Medium corresponds to informa-
tion that is structured but not highly accurate (such as an address or a geograph-
ical place) and can lead to a more accurate representation (enriched through
some service). Finally the High concerns highly accurate information such as:
Latitude/Longtitude points, scientific dates, URIs for SKOS concepts, URIs for
links to collection information, etc. For each experiment different values for the
weighting function αj(d, u, a) were set, as analyzed in the next paragraphs.

For both the experiments the weighting values of the function γj(d, u, a)
of the Completeness metric (COMP ) were set as follows: The weight of the
High quantum is equal to 1.0 corresponding to the mandatory elements of a
schema, the weight of the Medium quantum equals to 0.6 and corresponds to

1 http://pro.europeana.eu/share-your-data/data-guidelines/edm-documentation.

http://pro.europeana.eu/share-your-data/data-guidelines/edm-documentation
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the recommended elements of a schema, while the weight of the Low quantum
equals to 0.2 and refers to the optional elements of a schema. If an element
group contains metadata values, the function comp(eg) estimates the percentage
of completeness of the element group.

The Auditability value (AUDI) was set to 1.0 because MORe aggregator uses
PREMIS, a preservation metadata schema, to maintain a full log of the lifecycle
of each object. When a record is changed a new PREMIS record is generated
to keep track of the modification. The value of Consistency was also set to 1.0
because the metadata values are consistent with the types of the corresponding
elements of the schemas. Note that the current experimental process investigates
the influence of context only to Completeness and Accuracy metrics. Given that
there are no studies concerning the impact that the weights for completeness w1

and accuracy w2 have on the total quality, they were indicatively set to 0.6 and
1.0 respectively for the needs of the current experiment.

5.2 Application Design Experiment

The first experiment aims at measuring the quality of metadata records in order
to support the design of applications that will incorporate these metadata. In
particular: (i) a Generic repository with search/browse functionality (PORTAL),
(ii) a Virtual research environment (VRE) for humanities research and (iii) a
Specialized geo-application (GEO) for viewing records on a map and time-line.
Each application has different requirements implying respective contextual char-
acteristics for the element groups that attribute different values to the weighting
function αj(d, u, a) for each accuracy quantum. PORTAL needs accurate identity
and collection information and therefore the value of αj(d, u, a) for the identity
element group was set to 1.0 for the high accuracy quantum, 0.8 for the medium
quantum and 0.5 for the low quantum. For the remaining element groups the
weights of the high, medium and low accuracy quanta was set 1.0, 0.6. and 0.2
respectively. VRE requires the highest accuracy for the thematic and identity
element groups and therefore the value of the αj(d, u, a) for the identity and the-
matic element groups was set to 1.0, 0.8 and 0.5 respectively for each accuracy
quantum, while for the remaining element groups its value was set to 1.0, 0.6.
and 0.2 respectively. GEO requires the highest accuracy for spatial, temporal
and identity information and therefore the value of the αj(d, u, a) for all these
element groups was set to 1.0, 0.8 and 0.5 respectively for each quantum, while
for the remaining element groups was set to 1.0, 0.6 and 0.2 respectively for each
quantum.

In this experiment only the quality of the CARARE metadata was assessed
because the element groups of the EDM schema could not support the func-
tionalities of the GEO application. Due to presentation reasons the results of
only twelve packages are showed in Fig. 22. The vertical axis shows the total
quality score, while the horizontal axis shows the package id. Given that the

2 The results for all the datasets are available at http://metaq.dcu.gr/.

http://metaq.dcu.gr/
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Fig. 2. Metadata quality for the application design experiment

PORTAL application has the less demanding applications, it exhibits the high-
est quality values. The GEO application provides good results meaning that
they contain accurate spatial, temporal and thematic information in the corre-
sponding element groups. The VRE application’s quality measure falls behind
by almost 10 %. This result is justified by the nature of the VRE applications,
which require particular information about research Activities and Actors which
are not provided by the element groups of the selected datasets.

5.3 Content Aggregation Experiment

Aggregation involves (i) the gathering of content from different content providers,
mapped to an intermediate schema and (ii) its transformation to a target schema.
As mentioned each item in a package comprises two metadata records, the source,
which is in CARARE schema and the target which is in EDM. The CARARE
schema contains over 50 elements in a multi-level nested structure and thus it is
complex, rich and expressive. The EDM schema is less complex as it has been
designed for representing cultural objects in general in the Europeana portal.

Fig. 3. Metadata quality for the CARARE and EDM metadata schemas



66 D. Gavrilis et al.

In this experiment the quality of each item was measured for both the
CARARE and EDM records. For this purpose the weight of the Low accuracy
quanta was set to 0.2, the Medium to 0.6 and the High to 1.0. The results for the
twelve most indicative packages are shown in Fig. 3[See footnote 2]. As expected,
the richness of the CARARE schema resulted to a lower quality value than EDM
which is more compact. However for some packages the quality of the CARARE
records is similar or better than the quality of the respective EDM records.
Such records demonstrate high completeness percentages for the optional ele-
ments. Furthermore they are highly accurate, meaning that they provide exact
geo-spatial coordinates as well as URIs for SKOSified vocabularies.

6 Conclusions

Existing metadata quality evaluation frameworks provide rather coarse grain
results, while they do not provide mechanisms for the automated input from
metadata sources. Such drawbacks prevent the development of flexible services
that can incorporate contextual information, such as applications, schemas and
uses. Moreover they do not allow curators or schema and application designers
to evaluate quality scenaria allowing them to make informed decisions. This
paper presented MQEM, a multidimensional, flexible model for evaluating the
quality of metadata according to the context of their production and usage. The
implementation of such a model presents a number of challenges as it should
incorporate new schemas and model new applications. MQEM was validated in
two different use cases, application design and content aggregation, each one
having its own demands, represented by different values of contextual weighting
functions. Further work includes performing more experiments on sensitivity
analysis of the contextual weighting functions, as well as of the weights of each
metric to estimate more precisely the metadata quality values.
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Barriocanal, E., Cebeci, Z., Okur, M.C., Öztürk, A. (eds.) MTSR 2011. CCIS,
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Abstract. It is becoming increasingly difficult for users to keep track of
their personal digital resources given the number of devices and hosting
services used to create, process, manage and share them. As a result,
personal resources are replicated at different locations and it is often not
feasible to keep everything synchronised. In such a distributed setting,
the types of questions that users want answers to are: Where is the lat-
est version of this document located? How many versions of this image
exist and where are they stored? We introduce the concept of global
file histories that can provide users with a unified view of their per-
sonal information space across devices and services. As proof-of-concept,
we present Memsy, an environment that helps users keep track of their
resources. We discuss the technical challenges and present the results of
a lab study used to evaluate Memsy’s proposed workflow.

1 Introduction

It is now common for users to work with multiple computing devices in their daily
lives, often using external storage devices or cloud services as a way of moving
digital resources between devices and sharing them with others. In addition, web-
based media services and social networking sites are used to not only publish
resources, but also manage them and make them accessible on the move. As a
result, while the problem of accessing resources from different places has been
alleviated, the problem of keeping track of them has been exacerbated.

Since storage space has become extremely cheap, there is a tendency to copy,
share and distribute more data than ever, unknowingly making it even harder
to keep track of all the copies, versions and variants that we produce [12]. For
example, the increased mobility offered by a new range of computing devices
has resulted in a greater blurring between the private and working environments
of users [5] and they now expect to be able to work on the same document in
different locations. To do this, the users need to decide how they will move files
around, possibly using a cloud storage service such as Dropbox or an external
storage device such as a USB flash drive. In addition to being edited, a docu-
ment may be copied, renamed or moved between folders and the user often ends
with multiple versions in different places. Consequently, users often struggle to
remember which is the latest version and where it is stored.

c© Springer International Publishing Switzerland 2015
S. Kapidakis et al. (Eds.): TPDL 2015, LNCS 9316, pp. 71–83, 2015.
DOI: 10.1007/978-3-319-24592-8 6
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Our goal is to provide users with a global view of their digital resources
so they can get answers to questions such as:“Where is the latest version of a
document and on which device/service is it stored? Does a previous version still
exist somewhere? Where is the original? How many copies exist and to which,
if any, file hosting services have they been uploaded?”. Importantly, we want to
do this without requiring them to change their ways of working. The solution
therefore has to be embeddable in standard desktop environments and work
alongside existing applications and file management tools.

To achieve this, we propose the concept of a file history graph for manag-
ing metadata about a user’s entire information space, possibly spanning several
computing and storage devices as well as online file hosting services. As proof of
concept, we have developed Memsy, an environment that helps users keep track
of resources and reconcile versions based on the file history graph.

We provide an overview of related research findings and studies in Sect. 2
before proposing a general architecture for keeping track of resources in Sect. 3.
We then discuss the technical challenges of implementing such a system in a
highly distributed setting along with our Memsy solution in Sect. 4. A lab study
carried out to evaluate the Memsy workflow is reported in Sect. 5 before pre-
senting concluding remarks in Sect. 6.

2 Related Work

As the number of personal computing devices has increased, the requirements for
information work to be carried out successfully have also changed [5,13,14]. In
the study by Dearman et al. [5], they reported that participants found managing
information across devices the worst aspect of using multiple devices. They argue
that we need to be aware of a user’s collection of devices and no longer assume
a single personal computer.

Consumer-oriented cloud storage solutions have now become an integral part
of many personal workflows as highlighted in recent interviews with 22 profes-
sionals from different industries carried out by Santosa and Wigdor [14]. While
they enable resources to be readily available on multiple devices, none of their
participants regarded the cloud as a complete data solution and data fragmen-
tation remains an important topic even in the context of cloud solutions. Par-
ticipants explicitly stated that they had difficulties in remembering where in the
cloud they put their data. To remedy some of the issues, the authors recommend
providing improved awareness and visibility of what is happening in the cloud.

Research into how human memory works has shown that users quickly forget
important computing tasks [4]. Elsweiler et al. [7] point out similarities between
everyday memory lapses and memory lapses in the context of personal infor-
mation management and suggest that tools should help users recover from such
lapses. Consequently, the ability to track and re-find information in a desktop
environment is a highly desirable property for today’s information management
tools [9]. It has been shown that one effective way of providing memory cues is
to use the idea of provenance information [1].
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Previous research has mainly explored two strategies for helping users keep
track of their resources. The first category of tools aim to provide better search
and organisational facilities based on metadata/time [6] or tagging [3]. The sec-
ond category focus on the associations between resources rather than the prop-
erties of the resources themselves and include navigation by associations [2] as
well as the exploitation of semantic relations between resources [11]. However,
most of these solutions have been designed with the underlying assumption of
a single desktop computing environment and it is unclear how they could be
adapted to multi-device environments. In fact, the authors of the Stuff I’ve Seen
system [6] report from their user study: “The most requested new feature [in the
user study] is unified access across multiple machines.”

Studies have shown that users are actually very fond of their folder struc-
tures [10] as a means of not only categorising information but also decomposing
problems/projects into smaller units. The fact that users have different work
practices is reflected in how they set up their working environments. For exam-
ple, some use the desktop as a temporary workspace for all kinds of documents
based on how they use their physical desks [15] and cross-device work patterns
can often be complex [14].

Since users often put a lot of effort into customising their work environments
and file organisation, they are very reluctant to change their work habits. For
example, Jaballah et al. [8] proposed a digital library system that enables docu-
ments to be browsed via various metadata axes, but, in their diary study, most
users preferred the more limited folder view and this was in large part attributed
to the time required to become familiar with a new application interface.

Despite their shortcomings, folder hierarchies remain the basis for file organ-
isation. This apparent discrepancy between what has been proposed in research
and how people actually work led us to conclude that user behaviour changes very
slowly and new solutions should try to build upon existing conceptual models and
incrementally refine them. Additionally, we argue that it is crucial to embrace
rather than oppress the diversity in strategies and methods people employ to
organise information, and take these into account when designing new tools for
managing personal resources.

3 Version-Aware Environment

The main idea behind our approach is to build a global provenance index that
spans the user’s entire personal information space by collecting data from mul-
tiple devices and integrating third-party services. Because system access should
be independent of any individual computing device, we opted for a classic client-
server approach. Figure 1 illustrates the architecture of the Memsy environment.
Our system is comprised of three main components which together realise a
“version-aware” computing environment for end-users.

Global Resource Catalogue. This is the main service that orchestrates all com-
ponents and communicates with various client services and tools. It provides a
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Fig. 1. Architecture for a Version-Aware Environment

global view of a single user’s personal information space by ensuring that each
resource is not only uniquely identifiable but can also be located in a unambigu-
ous way. A file that is part of the global resource catalogue is called a managed
file. All other files, including those that are not part of a user’s personal infor-
mation space, are unmanaged. The global resource catalogue is responsible for
collecting updates from client devices as well as cloud storage and image hosting
services (through online crawlers) and applying them to the file history graph.

File History Graph. The file history graph provides a lightweight, implicit ver-
sioning mechanism for files. It is essentially an index that stores the metadata
required to identify and locate files across devices and services.

Reconciliation Engine. This component reconciles unmanaged files, which have
not been tracked previously or cannot be tracked reliably (i.e. files on an cloud
storage service beyond our control), with existing file histories. In both cases, the
goal is to integrate those files into the global resource catalogue. Reconciliation
is either done automatically based on file properties or user-driven. In the latter
case, we use content-based similarity metrics to aid users in their decisions.

To build a global catalogue of a user’s personal information space, each file
needs to have a unique and non-ambiguous mapping between a global namespace
and its actual location. Figure 2 shows the structure of the global address scheme
and an example mapping. Our scheme follows the recommendations for Uniform
Resource Identifiers1. A vital part of that scheme is the numerical identifier
of the storage device on which the file is stored (storageDeviceId). In our
environment, everything that has a mount point and is writeable by the user can
be assigned a globally unique identifier that is then stored in the root directory
of that particular storage device. This allows us to reliably recognise external
storage devices such as USB flash drives or external harddisks, even when they
are moved between computers.
1 http://tools.ietf.org/html/rfc3986.

http://tools.ietf.org/html/rfc3986
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Fig. 2. Global namespace scheme. The example given uses a storageDeviceId.

To refer to file hosting services, we use pre-defined names, e.g. dropbox or
googledrive, as identifiers (serviceId). The path component corresponds to the
original path. In this address translation scheme, we assume that an absolute file
path, including the file name, cannot be occupied by more than one file at the
same time. This is true for all mainstream file systems (NTFS, ext3, HFS+).

On each computing device belonging to the user’s personal information space,
a background service is deployed that monitors connected storage devices and
tracks the user’s file activities. These computing devices also synchronise a list
of connected storage devices upon startup and whenever the list changes. This
information is used later to tell users about the last known location of “movable”
storage devices (such as USB flash drives). Global name resolution at runtime is
straightforward because the local service knows the identifiers and mount points
of all locally connected storage devices. This is especially useful on the Windows
platform, where the mount points (i.e. drive letters) of external storage devices
usually depend on the order in which they were connected.

3.1 File History Graph

The file history graph is a data structure that records the metadata of each new
version of a file and stores the last known location(s) for each file version. From
a data model point of view, each file history is a tree of file version nodes that
starts with a single root node. Each version node may point to one or more
location nodes. The resulting structure is therefore a forest of directed trees,
with each tree representing a separate history.

Figure 3 illustrates how that structure captures file operations. A create event
triggers the creation of new file history with root V1 and location L1. If V1 already
exists, it represents a copy operation and we simply add a new location node to
the existing node. When a modify event occurs, we first identify the (old) file
version node that corresponds to the location of the modified file. If that version
node is a leaf node, we derive a new version node and re-attach the location node
to it. If it is not a leaf, a newer version must already exist somewhere else. In
that case, we perform a fork. All other file operations (rename, move and delete)
only affect the last known locations of file versions and update them accordingly.
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Fig. 3. Evolution of a single file history

As a consequence of the delete operation, file version nodes may end up with
zero location nodes attached to them.

It is an important characteristic of our proposed index structure that we
retain metadata about previous file versions, even if they no longer exist in the
personal information space. With the information in these file histories, we can
answer several of our initial questions such as locating copies, latest versions and
file origins across devices.

File events are sent immediately to the server if the device is online, otherwise
they are cached locally and stored on the storage device where the operations
occurred. Thus, the cache travels with the storage device and if, for example,
a USB drive is shared between computers that are both offline, the order of
executed operations on that USB flash drive is always guaranteed, without the
need for complicated time-synchronisation. We have implemented the cache as
an event-queue backed by a transactional embedded database (HSQLDB). That
queue is consumed by a background thread and entries are only removed if the
event could be successfully submitted to server, otherwise processing is halted
until Internet connectivity is restored. Since all events (update, move, rename,
delete) are idempotent if executed in order, we not only achieve at-least-once
semantics but can also guarantee that all locally observed transactions are even-
tually reflected correctly in the global file history graph.

3.2 Reconciliation of Related Resources

At some point, we are bound to encounter resources that either have not been
tracked previously or originate from an environment that cannot be monitored
directly. We call the process of turning such unmanaged resources into managed
(tracked) ones reconciliation.

With file hosting services, reconciliation is required as changes to personal
resources often cannot be tracked reliably from the outside. Even worse, some
image hosting services re-size and re-compress uploaded images, thus changing
the actual file content quite significantly. Furthermore, there will always be cases
where a file enters a personal environment from the outside, for example as an
e-mail attachment, downloaded file or copy from somebody else’s USB stick.
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To align such files with our global resource catalogue, we primarily rely on
hashing and file path matching. To recognise copies, we need to be able to tell
whether two files have the same content. Popular file hashing functions such
as MD5 or SHA1 have proven to be very effective and we therefore use them
to realise this functionality. Since we store these hashes for previously encoun-
tered versions as well as the current ones, we can reliably reintegrate files that
correspond to older versions. For example, a user might have received a report
from a co-worker by e-mail, saved it in a local, observed location and modified
its content. Several weeks later, they might want to retrieve the revised version
but cannot remember where they stored it. Luckily, they remember the e-mail
that contained the original file. With the attachment from that e-mail serving
as an entry point into the file history, they can learn about the location of the
revised version. Having such provenance information allows users to discover
newer versions of documents based on the copy of an older one.

To reconcile images that have been modified by online services upon upload
(e.g. re-compression on Facebook), computer vision algorithms are used to pro-
duce a “perceptual hash”. The main idea of such an image signature algorithm
is to map an arbitrary image to an arbitrary sparse image representation which
is significantly reduced in size but retains important perceptual information. An
appropriate distance metric is then used to compare these sparse image repre-
sentations in order to find near-duplicates. So far we have only implemented
content-based reconciliation for images, but consider reconciliation to be a vital
part of any environment for managing personal resources and plan to extend the
service for other types of files.

3.3 End-User Experience

Users first install the Memsy client on their computer(s). Using these clients,
they can add local folders to the observed environment. This allows very fine-
grained control over which parts of the file system are monitored. Similarly, they
can connect and add personal USB flash drives. Such storage devices can also
be labelled to make it easier to recognise them when they show up in search
results. After setting up the environment, users can continue to work as usual,
freely creating, moving, renaming, copying and deleting files as well as creating
new folder structures within the monitored folders.

If a user wants to find the latest version of a file, they follow a simple pro-
cedure shown in Fig. 4. (1) Small overlay icons in the file explorer view offer a
quick glance of the current file status. From a user experience point of view,
this works similarly to overlay icons in desktop integrations of popular cloud
storage services (e.g. Dropbox) or version control systems (e.g. TortoiseSVN). A
tick symbol indicates that the current file is up-to-date, while an exclamation
mark warns the user that a more recent version is stored somewhere else. Such
icon overlays give a simple and unobtrusive way of providing status information
to users. They integrate well with the desktop experience, work in all standard
file dialogues and are well-suited to handling directories with a large number of
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1 2

Fig. 4. A Version-Aware Environment: (1) Overlay icons inform user about file status
[cropped screenshot from Windows file explorer]. Context menu entry invokes custom
application (2) with further information about related versions.

files. When the user right-clicks one of those files, a few Memsy-specific com-
mands appear in the contextual menu. (2) From there, the user can launch the
Memsy Companion application, a small desktop tool that displays information
retrieved from the global resource catalogue. In our example, the user learns that
there are two newer versions located on other devices/services. We can show for
each version whether that particular file can be accessed directly. Hovering over
entries that are currently not available provides information about its last known
location (a USB flash drive in this example).

4 Implementation

To demonstrate and evaluate our approach, we have developed a reference imple-
mentation of the Memsy environment in Scala, a JVM-based, multi-paradigm
programming language that offers functional and object-oriented constructs. The
global resource catalogue called Memsy Global runs on a dedicated server. It is
built with a micro web framework called Scalatra2. As a backend for the file
history graph, we use Neo4j3, a graph database implemented in Java, which is a
perfect fit for tree structure of our file history graph. On the client-side, we deploy
a background service called Memsy Local, which is responsible for monitoring
the users’ file activities. It communicates with the server using its REST-style
API over HTTP, with JSON as the data exchange format. To capture file system
events, we make use of the Java 7 File API (NIO.2). To incorporate a number
of popular online services, we have implemented crawlers for Dropbox, Google
Drive, Facebook and Flickr. The former two cloud storage crawlers process all
supported files whereas the latter two only retrieve and process images.

The user interface has been implemented for the Windows platform using a
number of high- and low-level technologies. Both icon overlays and the context

2 http://www.scalatra.org/.
3 http://www.neo4j.org/.

http://www.scalatra.org/
http://www.neo4j.org/
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menu have been realised as Windows shell extensions. To indicate a file’s status,
an icon overlay handler was created for the Windows file explorer that queries the
local Memsy client, which in turn may have to ask Memsy Global for the current
status. Because icon overlays are precious resources in Windows (only up to 16
handlers can be registered), our integration builds upon TortoiseOverlays, the
icon handler of many popular desktop integrations of version control systems
such as Subversion, Git or Mercurial. This makes the icons easily recognisable
by users of any of these solutions.

Our dedicated end-user tool, the Memsy Companion app, is a Chrome app.
These apps resemble native desktop applications but run on top of Google
Chrome and can be built using web technologies. The tool communicates with
the local background service and the global resource catalogue to answer the
questions motivated earlier. We have chosen this web technology-centric app-
roach because it allows us to seamlessly mix various technologies from high-level
web interfaces down to low-level shell extensions. The consistent use of the HTTP
protocol also facilitates similar integrations for other operating systems.

5 Evaluation

To evaluate our approach, we conducted a small user study with two primary
goals. First, we wanted to gather valuable insight into work practices and strate-
gies for keeping track of resources across different devices. Second, we wanted
to find out whether the tool support would be sufficient when a user cannot
remember what happened to a particular document.

The main study design challenges were: How can we reliably create a condi-
tion that reflects the situation where a user has actually forgotten the location
of the latest version? How can we eliminate non-controllable factors such as
an individual’s particular cognitive abilities? For these reasons, we decided to
perform a controlled lab experiment instead of an external field study.

Study Setup. We set up three work stations in a room to represent different
work places. Each work station had a labelled USB stick. All 6 devices were
configured to belong to the same user and all tools were pre-installed on the
workstations. We prepared a set of 20 files for our hypothetical Memsy user:
5 presentations (PowerPoint), 5 reports (Word) and 10 images (JPEG). These
files had been copied to a managed folder on each workstation.

Participants. Our participants were recruited from an interdisciplinary Euro-
pean research project where our group is a member. This allowed us to recruit
not only computer science researchers (3 professors, 3 research assistants), but
also people from media education/pedagogy (4), plus a designer and an archi-
tect. In total, we had 12 participants (half of them female), from industry as
well as from academic institutions. Although we had a rather small group of
participants, they were from 5 different organisations with quite different work
environments and this matched our belief that a diverse set of study subjects
would yield more interesting results than a large, but homogeneous, subject pool.
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Procedure and Tasks. We divided our 12 participants into groups of 3 persons.
All participants of a group were invited at the same time and each participant
was randomly assigned to a designated work station. The study started with
a pre-task questionnaire that collected background information about partici-
pants’ experiences with file managers and their current techniques for version
management of documents and copying files between devices.

The main study was a sequence of information management tasks, where each
participant performed exactly the same steps but worked on a different subset
of the files. In the first part of the study, participants were asked to perform
three common file management and document editing tasks: update and rename
a presentation, copy an image to a (newly created) subfolder and modify it,
copy a report to the USB drive and modify it. Though we asked participants
to follow our instructions closely, we did not tell them how to accomplish the
tasks. It was up the individual user to decide whether they work with keyboard
shortcuts, drag & drop or context menus. If they made a mistake (e.g. copied
the wrong file), we asked them to revert the change how they saw fit. At that
stage, the background service monitored the file management operations behind
the scenes and propagated the changes to the global resource catalogue.

In the second part, participants were asked to gather information for an
upcoming presentation which included files possibly modified by the other par-
ticipants (1 presentation, 1 report, 2 images) and spread across the other two
work stations and USB sticks. To complete the task, they had to indicate if there
was a newer version of any of those files, and, if there was, where the newer ver-
sions were stored (location, drive and path). At any time, they could invoke the
Memsy Companion app, shown in Fig. 4, for further information.

Results. In our pre-task questionnaire, we asked participants about their cur-
rent work practices for managing versions and copying files between devices. In
both questions, multiple answers were possible. By far the most popular method
for managing multiple versions of office documents is a personal file naming
scheme (10 participants). Although less popular, folder structures were still used
by half of the participants. Although revision control systems are widely used to
manage source code, our results indicate that they are considerably less popular
for managing versions of documents (4), let alone to share files between devices
(2). None of our participants used a dedicated document management system
such as SharePoint.

Interestingly, even though all 12 participants use cloud storage services to
move files between devices, almost none (2) use the implicit versioning provided
by some cloud providers. This might be due to the fact that popular services
such as Dropbox and Google Drive by default only store previous versions for
up to 30 days. We conclude that cloud storage services have become a ubiquitous
tool for transferring files between machines, but other means such as USB sticks
(11 participants) and sending e-mail to yourself (11) still have their uses. These
results affirm some of the assumptions underlying our initial use case and further
inform our proposed approach.
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All participants were able to use the Memsy Companion app to answer most
of the questions from the second part correctly (overall completion rate was 46
out of 48 tasks). Figure 5 shows the results from the post-task questionnaire. For
each of the statements, we asked participants to rate their level of agreement on
a 7-point Likert scale, where 1 is strongly disagree and 7 strongly agree.

Fig. 5. Results from post-task questionnaire

The Memsy Companion app as well as the entire experience offered by our
environment received fairly positive ratings. Most participants felt it was well-
suited to the task at hand (median 6), that it was easy and intuitive to complete
the task (median 6), and that they were efficient in doing so (median 6). Partici-
pants also agreed with our underlying assumption that existing tools [offered by
the operating system] provide poor support for the task (median 6). However,
while many participants could relate to the task (median 5), most users (mode
4) were undecided about whether such a tool would actually be useful for them.
These general concerns were also reflected in some of the feedback we received,
for example P3 noted: “The general issue is what do I actually do when I realise
that I don’t have the most recent version in front of me.”

We conclude that, while our prototype is successful in answering the kind of
questions posed at the beginning, users may require more information to help
them decide what to do when confronted with multiple versions on different
devices. As P9 pointed out, “[The tool should provide] some overview of what
kind of change has been done” and P10 agreed by saying “[The tool should]
provide the differences of versions (visual comparison of versions)”.

With regard to desktop integration, reactions from users were quite positive
(median 6) but some expressed a preference for an even deeper integration with
the regular desktop computing environment. To that end, we plan to experiment
with other forms of shell extensions and consider providing more detailed infor-
mation as part of the regular file explorer interface. However, further studies are
required to steer development in the right direction.



82 M. Geel and M.C. Norrie

6 Conclusion

We have shown how a global resource catalogue together with a file history graph
can be used to help users keep track of personal resources across devices and ser-
vices. Our aim was to provide a solution that could integrate with existing work
practices and applications rather than replace them and our Memsy prototype
has demonstrated how this can be achieved, although our initial studies have
shown that providing more information about the nature of changes made to
files and deeper integration would be desirable and this is something to explore
in future research. Further, we have only considered single user environments,
but it would be interesting to investigate the implications of multi-user environ-
ments where personal resources can be shared with other Memsy users.
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Abstract. We analyze a set of 35 autoethnographies of news encounters, cre-
ated by students in New Zealand. These comprise rich descriptions of the news
sources, modalities, topics of interest, and news ‘routines’ by which the students
keep in touch with friends and maintain awareness of personal, local, national,
and international events. We explore the implications for these insights into
news behavior for further research to support digital news systems.
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1 Introduction

The news landscape has changed considerably over the past decade with social media
platforms creating new dissemination channels for information. The inherently social
nature of systems such as Facebook has encouraged both recommendations of con-
ventional news items and widened the conception of news itself. The resulting eco-
system of consumption, creation and sharing presents a complex landscape of news far
removed from just broadcast television news and print newspapers. Our understanding
of these news interactions informs both the creation of access tools for current users
(such as recommender systems and visualizations) and the design of news archive
collections for future users. In this present paper we add to this understanding of news
behavior by exploring the news practices of 35 New Zealand tertiary students in both
the digital and physical context. This research is qualitative; as such it inevitably
highlights areas for further research into news behavior and appropriate interface and
interaction design for more effective news provision systems.

2 Related Work

The growth of online content, and social media in particular, has been widely reported
as changing the news environment for users. Nielsen and Schrøder report that there is
limited understanding of how important social media is as a source of news [11].
Recent studies suggest that, despite the growth of social media, trusted legacy brands
and platforms remain important news channels [11, 15]. Social media has created a
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space where “consumers collaboratively create and curate news stories” rather than
receiving news from a limited number of ‘authoritative’ sources [12]. Hermida et al.
report that these social channels are valued by users for the alternative filtering they
provide but that social media use by “traditional” news sources (such as newspapers) is
an important source of information [6]. Meijer and Kormelink reflect the potential
richness of social media-enhanced news interactions in the 16 types of news activity
reported by their interviewees: reading, watching, viewing, listening, checking,
snacking, monitoring, scanning, searching, clicking, linking, sharing, liking, recom-
mending, commenting and voting [1].

These micro-activities are complemented by higher-level classifications of behav-
ior. Marshall categorized study participants using a New York Times news reading
application into three groups: “Reading primarily for relaxation and as a diversion;
Reading as a newshound, following the narrative of specific breaking stories or par-
ticular recommendations; Reading broadly to stay informed or to keep up with events
of the day” [10]. van Damme et al. categorize mobile news consumers as: omnivores
(actively engaged using multiple channels), traditionals (intensive but loyal to estab-
lished sources such as TV) and serendips (less of a news routine but digital when
engaged) [15].

Characterizations of news consumers often use the intent of the user, whereas [16]
note that incidental news exposure is common and, for digitally-connected citizens,
increasingly difficult to avoid. Although sharing content is an important aspect of social
media, [7] claim that it serves a personal as well a social function. Shared content
persists in the platform as an archive that can be searched at a later date. Similarly, [10]
notes that “a person’s daily encounters with the news should become a fundamental
part of … a personal digital library.” The diverse distributed cross-platform multimedia
nature of users’ news interactions suggests there are considerable technical and legal
challenges to achieving that goal.

Although much has been written about social media, there is still uncertainty about
the interaction between traditional news channels and social media [11]. Pentina and
Tarafdar [12] claim that “no studies so far have attempted to explore or explain the
mechanism of news consumption processes in the context of socially connected
interactive participants”. However, in the light of studies such as [8] this claim may
reflect a literature gap between the journalism and user interaction communities.

Location is an important feature of news; both the location of the consumer and the
places referred to in news reports. Systems such as NewsStand [14] and NewsViews [4]
attempt to extract geographical references from news reports to enable map-based
interactions such as queries and visualizations. Leino et al. [8] found that personal news
recommendations are more effective, possibly because social media users have an
implicit model of their friends’ preferences which pre-filters suggestions.

In summary, timeliness and location are key elements of news-based information
systems. Users have adapted the diverse tools of social media for sharing and rec-
ommending news items. Social recommendations are effective as they leverage existing
models of users’ preferences and are often innately timely. Studies of news behavior
that predate the growth of social media (e.g., [3]) are of limited applicability and there
may be a lack of interaction between journalism studies and those in the computing
literature.
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3 Methodology

Our study is based on a set of autoethnographies gathered from undergraduate students
in New Zealand. In this section we describe the context in which the autoethnographies
were created, our analysis method, and the limitations of this study.

3.1 Data Collection

The data collection for this study was performed using personal ethnography (incor-
porating the use of diaries, self-observation and self-interviews), gathered in a
semester-long project in a third year university course on Human-Computer Interac-
tion. The students were given the (deliberately broad and ambiguous) brief of designing
and prototyping software to ‘assist a person in accessing news’.

The first task for the students was to gather data on how people currently locate,
manage, share or encounter news. To that end, they examined their own news-related
behavior by completing a personal diary during the course of their everyday lives over
a period of three days. For each encounter with a news item, the participants recorded
the date and time, the number of news items they were exposed to during the encounter,
the source, type (international, national, local or personal), the topic, how they
encountered it and how believable it was (on a linear scale). The students then sum-
marized and reflected on their diary entries as a post-diary ‘debriefing’.

Next, the students reflected on how they managed their exposure to news items by
creating autoethnographies [2] that identified the strategies, applications and resources
they used and then investigated what types of media they were using, topics they were
accessing and the activities they performed to actively locate news. They also observed
any unexpected or chance encounters with news sources. Students were encouraged to
reflect on their actual practices identified in the self-observation.

3.2 Data Analysis

The diary study summaries and autoethnographies for 35 students were retained for
analysis, out of an enrolment of 103. As is typical of New Zealand IT students, these
selected participants are predominantly young (under 30). Though the majority of
students in the course were male (84 M, 19 F), we selected a higher proportion of the
female students’ work for analysis so that the female news experience would be better
represented. The course also included a significant number of international students (33
of 103); accordingly, we also limited our selection to students who were New Zealand
citizens or permanent residents, as the experiences of international students could be

expected to both differ greatly by their
country of origin. Table 1 presents the
demographic details for the 35 students
whose work is analyzed in this study.
These students were assigned a unique
label (i.e., P1, P2, …, P35), and are
referred to by that label in this paper.

Table 1. Student demographic details.

Gender Count (%) Age at time
of study

Count (%)

Male 22 (63 %) <30 years 29 (83 %)
Female 13 (37 %) 30–46 years 6 (17 %)
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The diaries were retained by the students and so cannot be analyzed directly;
instead, we view the recorded behavior through the diary study summaries and
reflections. The entirety of the self-observation was available for analysis. These
summaries and autoethnographies for the 35 students total over 200 printed pages; they
were analyzed qualitatively using grounded theory methods [5], an iterative, inductive
methodology that allows the participants’ experiences, viewpoints, and conceptions to
emerge naturally. Initial coding largely followed the categories included in the diary
study summaries (Sect. 4), and further concepts emerged as these encounters were set
in context by the autoethnographies (Sect. 5).

3.3 Limitations of Study

Participating in a study is known to have the potential to alter behavior. The students
themselves recognized that undertaking the assignment introduced changes to their
news behavior (“I was more aware entirely of the news around me… sub-consciously
listening out for news to include” [P22]; “I found myself not wanting to look at the
news online as much since I would have to record it down.” [P31]). The assignment
brief acknowledges these issues; in mitigation, the diaries included the option to
indicate news events that occurred but were not noted, and the students were
encouraged to explore deviations from their usual news behavior in the
autoethnographies.

We recognize that the students likely felt a greater sense of commitment to com-
pleting the diaries and creating the autoethnographies than is usual with study partic-
ipants, given that these activities were assessed. Participation in this present study,
however, was not required; a student could opt out of inclusion by emailing a third
party to indicate this desire. The assessors for the course were not informed of these
decisions until after the semester’s grades were finalized.

Given that this is an opportunistic study, we cannot claim to capture ‘typical’
behavior in searching/browsing/encountering news. As is characteristic of this style of
study design, we instead build a rich picture of the news-related information behavior
for these students, from their own perspective [13]. We demonstrate in Sect. 6 how this
rich picture can suggest directions to explore both in developing software support for
these behaviors and in further news information behavior studies.

4 Results

In this section we summarize the news sources consulted by the students, the news
topics of interest to them, the characteristics of their common news behaviors (‘rou-
tines’), and online and physical platforms that they use to access their news.

4.1 News Sources

The students encountered news from a wide variety of sources (Fig. 1), with an average
of 4.4 significant news sources per student (Table 2). Only three students relied on a
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single news source; it was acknowledged in
the other 32 autoethnographies that multiple
sources were necessary for topic coverage
and convenience of access (“The 3 main
ways that I access news [Facebook, email,
mobile news app] all have good and bad
attributes and that’s probably the reason why
I don’t just use one” [P17].

Facebook is by far
the most heavily relied
upon news source both in
Social Media and overall
(Fig. 1a). Its use goes
well beyond providing
personal news from fam-
ily and friends; it is also a
source for ‘breaking’
news of all topics. Twit-
ter can be a ‘Facebook
lite’ for news (“Twitter is
a more short form of
Facebook where I look at
various tweets posted
from friends, random
users and any company
or news agency to find
out the latest news.”
[P1]). The blogs, vlogs,
and forums were often
focused on a topic of
interest to the student,
where use of Reddit and
Tumblr was described as
being more exploratory
or serendipitous (“I never
visit [Reddit] intending
to encounter news but
sometimes find myself
reading or watching news
after clicking on a link
that grabbed my atten-
tion…” [P19]).

Interpersonal news
sources (Fig. 1b) include
face-to-face conversations
(both with individuals and

Table 2. Number of significant news
sources per student.

No. of
sources

1 2 3 4 5 6 7 8

No. of
students

3 2 10 13 4 1 1 1

Fig. 1a. Social news sources

Fig. 1b. Inter-personal news sources

Fig. 1b. ‘Official’ news sources

Fig. 1. News sources used by students
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groups), SMS or IM messages, voice calls (via mobiles or VOIP), and email. The latter
source most frequently elicits contact by a commercial organization or from an
interest-based mailing list, and more rarely messages from friends or relatives.

‘Official’ news sources such as television or radio broadcast news and newspapers
are encountered in both digital and physical formats (Fig. 1c). The online news sites
consulted were primarily websites for the major New Zealand newspapers and the local
news aggregator stuff.co.nz. These provide primarily text and still images. The physical
(paper) newspapers and magazines were New Zealand focused and were either free
(local weekly free papers, the university’s student-run weekly magazine) or were freely
accessible (at work breakrooms, parents’ houses). Only one student reported pur-
chasing a magazine subscription, and three reported occasionally purchasing a single
issue of a magazine or newspaper if a story attracted their interest.

4.2 News Topics

Figure 2 presents an overview of the news topics that students reported to be of
significant interest (i.e.,
they frequently sought out
information on these top-
ics) and of occasional
interest (i.e., they infre-
quently sought out or
encountered information of
interest). Each student held
a significant interest in at
least two topics (Table 3),
with an average of five
topics per individual.

Current events is a broad category encompassing a range of categories typical of
those covered by newspapers (e.g. wars, natural disasters, elections, etc.); NZ current
events have a specifically New Zealand focus. Sports includes international, national,
and local sporting news. Entertainment news covers the gamut of TV shows, music,
movies, and other performances (but excluding games and sports), while Celebrity
news is focused on a particular well-known person (including New Zealand and
international celebrities). It is not surprising that students enrolled in an upper level

Fig. 2. News topics of significant and occasional interest

Table 3. Number of topics that students held a significant interest in following.

No. of topics of significant
interest

2 3 4 5 6 7 8

No. of students 6 8 9 6 4 0 2
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Computer Science course would have strong interests in Technology and Science
(primarily ‘popular science’ events and new hardware and software releases) and in
Gaming. While Business included limited interests in conventional topics in that cat-
egory (finance, banking, commercial trends), students’ primary concerns were with
topics that directly impacted them—particularly notifications of upcoming sales.

We note that significant international or local events influence an individual’s news
interests. As the autoethnographies were performed during the 2012 Olympics, students
reported a higher than usual exposure to sports news, sparking in some an interest
specifically in Olympics-related news but not in sports news in general (P25: “Without
these events [the Olympic games] happening, there is very little likelihood that sports
would feature in any of my diary entries.”). Similarly, three students pointed out that
they normally have little interest in politics, but “when election time comes up I make
sure to check out the people I can vote for” [P23]. Further, an individual story in an
uninteresting topic can capture interest if the student sees a personal link: “… I just get
onto the NZ Herald web site and I see … “Top lawyer guilty of misconduct”. I do not
like to read about politics because I find it boring, but I read about this because … my
sister is a lawyer …” [P9].

4.3 News Routines

The overwhelming majority—31 of the 35 participants—reported having a news ‘rou-
tine’. Some routines were simple: P14, for example, had arranged for a set of news feeds
and email newsletters so that “The most common way that I encountered news was
having it delivered to me.”Other participants had developed more elaborate routines that
spanned their entire day: “…I view news is usually first thing in the morning, check
facebook see if any new news has appeared. Follow by checking to see the results from
sports teams during the night. During the day I randomly check facebook and occa-
sionally see new items in trending articles. At night I check stuff to see if anything
interesting has occurred” [P5]).

The news activities in a particular routine could vary by:
Time of day: Generally the morning and/or the evening are important points in news

routines,. News consumption can be helpful in waking up (on TV in the morning: “…it
is a ritual I do when I wake up in the morning if I have a lot of time I’ll watch it while
eating breakfast, otherwise ill [sic] have it going in the background while I get ready.”
[P22]) and in relaxing after a day of study and work ([P20] reports “taking a good half
hour to read through the news that has occurred over the course of the day while I wind
down with a beer.”). These news sessions tended to be longer and to involve active
searching/browsing for news on the part of the participant. During the day, participants
reported frequent news ‘snacks’ [1] to fill in time and avert boredom; these tended to be
shorter (e.g., to fit in with work breaks or periods before a lecture started) and to
involve checking newsfeeds.

Day of the week: Those students who reported having routines typically differen-
tiated between routines for days involving scheduled work or study, and their free days.
A free day might involve fewer news encounters (“…my Mondays this semester are…
my lazy day at home. Because of this the amount of news I generally encounter on a
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Monday is typically low.” [P23]). However, if news encounters are motivated by
relaxation or socialization, the number of encounters may increase (for face-to-face
encounters, “on Saturday, the number of items each encounter yielded was greater.
This could be related to the fact that on the weekends, my flatmates are all home, which
allows us to have group conversation…” [P20]). A free day may also bring the student
into contact with an additional source; for example, visiting the family home and
finding “newspapers piled high in my parents’ house” [P35]).

Availability of the source: Consumption of several news sources were tied to their
availability. While none of the students subscribed to a print newspaper, 17 cited it as a
significant (3) or occasional (14) news source; these students regularly read the
newspapers provided at work during a break, looked out for the university’s
student-published weekly on its distribution day (“If I do read a magazine it is usually
the nexus [student paper] and it’s only once a week usually Tuesday afternoon during
one of my lectures” [P5]), or watch TV news broadcasts only on visits to their parents
(“As we don’t have a TV at our flat this is just when I’m home at the weekend.” [P26]).
Radio news was most commonly serendipitously encountered while in a car, typically
driving to/from university or work. Only one student incorporated radio news into daily
routine, with a radio in his bedroom.

4.4 News Platforms

We identified three ‘platforms’ through which the students encountered news items: a
standalone computer (desktop or laptop), a mobile device (tablet or handheld), and

physical media (physical
televisions, radio, news-
papers, and magazines);
see Fig. 3. Three of the
participants did not dif-
ferentiate between com-
puter and mobile use,
simply stating that they
preferred to access news
‘online’. Of the remain-
ing 32 participants, 30
used computers as a sig-
nificant news access
platform, and 14 of those
also described their

mobile as a significant access platform. Only one participant described significant use
of a mobile but not of a computer as well.

Physical news sources continue to see use, with approximately 60 % of the par-
ticipants identifying them as significant or occasional sources for news. No student
reported physical sources as their sole significant access platform.

Online access to news sources has obvious advantages: “…as long as there is an
internet connection, they are easy and convenient to access, since I don’t have to leave

Fig. 3. Platforms for news encounters
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my bedroom to use them.” [P17] Indeed, as students spend more time online, their
access to physical or face-to-face news sources declines (“I spend approximately 6–
10 h daily in front of my computer … making the internet my only real source of
information or news in any form” [P19]).

5 Discussion

The students’ conception of what constitutes news goes beyond topics covered by
traditional news media (“…the topics I find personally newsworthy are not necessarily
the more traditional ideas of what news is defined to be.” [P25]). Their news has a
greater focus on the personal—activities of friends and family—and events or activities
that impact them directly (e.g., grocery store sales, updates to their favorite game).
News interests are more narrowly focused than the broad categories of traditional news
media (e.g., specific genres of music, movies, and television). Further, broadcast media
can be difficult or impossible to skim/scan to filter out irrelevant or ‘boring’ news. P8
points out that with TV news shows, even those viewable online, “It is hard to know if
the news on TV will have anything I’m interested in. They don’t describe every item of
news that they will cover…. The news on TV is often only the important news at the
start and less important news near the end…. This means I have to wait till nearly the
end of the news to see something I’m interested in.” The students’ heavy use of
non-traditional news sources (e.g., Facebook, blogs, forums) partly stems from this
desire to create a more personalized news information feed than is possible with
conventional broadcast news.

The desired degree of direct control over this feed varies. Participants P14 and P31
occupy opposite ends of this spectrum: P14 prefers news that requires little filtering (“I
am someone who is very lazy in seeking out news. I like to utilize news sources that
involve very little effort and are very easy to use. For example: TV, talking with
friends, and Facebook.”), while P31 meticulously hunts down his news:

When I go looking for news at home I load the following pages in different tabs, Stuff.co.nz,
Engadget and ESPN Soccernet. Then I’ll open a few headlines from the first page in new tabs
and close that news source…. Once I’ve found a few good news items on the next page I’ll
open them in new tabs then go back to the other tabs I opened since they should have loaded
now. I’ll then read those news items… Then once I’ve finished the news items from the first
source, I’ll move on to the ones from the second source…. I’ll end up opening heaps of tabs
then slowly work my way through them.

‘Media multitasking’ [9], the simultaneous information consumption from multiple
sources, is recognized as a common behavior. Here, news consumption is interleaved
with other entertainment activities (watching non-news TV shows) as well as serious
activities (such as university assignments): “I get into bed… Then I turn my laptop on
and start checking my emails, facebook, homework and I like to watch television
episodes as well for background noise and something to watch. I like to flick between
Facebook, NZ Herald web site and working on my homework…” [P9] Media multi-
tasking can be deliberate (as with P9), or it can occur unintentionally (“Since I have a
widget on my phone constantly updating me with news I simply ‘ran across’ a news
item while checking a text message that caught my eye.” [P1]).
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While selected news items may be read or viewed carefully, students also engage in
news satisficing behavior—getting the gist of a text news item by scanning news
headings, summaries, or snippets, or by overhearing/viewing bits of news in passing.
P12, for example, follows the New Zealand Herald newspaper and CNN on Twitter,
and will “normally just read the headline on their tweet” rather than the entire tweet,
much less follow a link to the full story. News applications that more readily support
text news satisficing by prominently displaying headers and snippets are preferred to
older-style interfaces that direct the reader through topic hierarchies before arriving at
the news summaries; P11, for examples, resents having to “take time to read the
headers and sub-headers of categories to find the information you want”.

Searching for news related to a specific event (in contrast to encountering news on
the event from existing feeds or browsing news resources) is often in reaction to
exposure to a news snippet. When the snippet is encountered from face-to-face con-
versations or glancing at physical media, the most common response is to search online
news sources for further details (rather than, for example, purchasing the magazine or
newspaper). When the snippet is encountered online, the student may simply retrieve
and read the text associated with the snippet, or may search additional sites for alter-
native viewpoints or updates. Social media such as Facebook or Twitter are more likely
to be consulted when the event is in an early stage, to find the most recent reports (“…
posts on the latest earthquakes in Christchurch came up on Facebook well before the
news sites had any information on them” [P12]).

The students wrestled with issues of trust in news media and the believability of
particular news items. There was no consensus on a set of sources that were more
trustworthy than others; for example, P6 points to newspapers as “a great source of
trustworthy news”, where P3 prefers informal “online sources” because “online sources
follow-up is often possible to find the original news source and establish if a news item
is actually true”. Personal news as encountered through text (via Facebook, SMS,
Twitter, etc.) may not be accurate because “friends always boast or exaggerate” [P7]. It
is easier to evaluate the believability of personal news delivered by “someone who is
face-to-face, you can often tell with their body language and tone of voice whether or
not what they are saying is true” [P11]. In general, the believability of news in most
topics depends on the trustworthiness of the source, with the single exception of
celebrity news–a topic panned as being “not very believable but still very entertaining”
[P22].

Six students raised additional issues affecting believability of a news item: bias on
the part of the author or sharer of that item, ‘spin’ or deliberate inaccuracies in the
presentation of the item, and perceived manipulation of the reader to view or share
particular news items. As noted above, personal news is particularly prone to biased
presentation, as the people involved in a story may also be reporting it. However, the
problem of bias on social media sharing runs deeper, as the external stories ‘shared’ in
an individual’s Facebook page are part of that person’s social image–and so can skew
their nature and topics (“… people tend to make an effort to post articles about things
they feel are likely to provide “Likes” or discussion among their friends and are wary
when posting controversial content.” [P19]).

News can be slanted through its presentation or its content, and this ‘spin’ can be
difficult to uncover. For example, P19 checked five different sources for a single
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breaking story, to identify potential bias in the reporting of the event (“I found that
most articles had the same main points however some reporters attempted to put spins
on these points…”). P11 points a cruder source of bias: the presence of “imitation style
websites that make up stories or fake events that people can often mistake for reality”.
It can be difficult to differentiate between ‘real’ and ‘imitation’ news sources–hence the
importance of identifying trustworthy, believable news sites and feeds. However, even
those trusted sites may include dubious stories; of the 11 students who identified Stuff.
co.nz as a site that they frequently used, none acknowledged that, as a news aggregator,
the site does not verify the press releases posted to it.

The final issue affecting believability—perceived manipulation of the reader’s
attention—is an ongoing issue for both social media and commercial news sites. In
social media sites such as Reddit, users can attempt to attract greater attention to a news
item by “provoking inflammatory responses from other readers” [P20] in the comments
threads or attempting to “blackmail” [P12] users into sharing a posted image by
attaching an emotionally manipulative caption to it. Commercial online news sites
manipulate news choices by introducing “advertiser links, pop up boxes and a plethora
of tricks and techniques that divert my attention from where I was hoping to go to
where someone wants me to go” [P35].

6 Summary

As is typical for qualitative work, the contribution of this study is to point to future
directions in research and development for systems supporting the news behavior
uncovered here. Specifically, we raise the following questions:

• Given that news consumption is a significant relaxation and entertainment activity,
how can we make news encounters more enjoyable? Is it possible to make them
more attractive, more pleasant to engage with, more ludic in nature?

• How can we support the ‘newshound’ [10] in tracking down the minute details of a
story without getting lost in the process? (E.g., “I can sometimes find myself
attempting to find out exactly how far the rabbit hole goes, and end up exactly
where I started several hours later” [P20]).

• How can emerging, relevant sources be brought to the attention of users—and
which existing sources will the new ones replace? Even the youngest of these
students could reflect on sources that they once relied on but now rarely use.

• How may a personal Digital Library support up-to-date news encounters?
• How can we model a given user’s news routines, and support those behaviors as

they vary across times of day, days of the week, and the location of the user?
• As a user moves between different digital platforms (desktop/laptop, tablet, phone),

how can we support a seamless news experience? Alternatively, should we tailor the
news experience to the platform, given their different affordances? For example,
small-screen mobiles are inherently well suited to ‘news snacking’, while
desktops/laptops offer the screen real estate to support ‘newshounds’.

• How can we model a given user’s topics of interest, and how can we adapt that
model to reflect change in those interests?
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• What information presentation and organization designs can better support news
satisficing? For example, how can we provide more informative news snippets, and
how can we reduce the need for users to traverse topic hierarchies?

• What changes in news provision can support our users in identifying bias? For
example, can we provide multiple versions of a story from different sources, or
highlight relationships (such as corporate ownership) between publishers and the
entities referred to in the news reports?
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Abstract. The Irish Record Linkage 1864–1913 is a multi-disciplinary
project aiming to create a platform for analyzing events captured in
historical birth, marriage and death records by applying semantic tech-
nologies for annotating, storing and inferring information from the data
contained in those records. This enables researchers to, for instance,
investigate to what extent maternal and infant mortality rates were
underreported. We report on the semantic architecture, provide motiva-
tion for the adoption of RDF and Linked Data principles, and elaborate
on the ontology construction process that was influenced by both the
requirements of the digital archivists and historians. Concerns of digital
archivists include the preservation of the archival record and following
best practices in preservation, cataloguing and data protection. The his-
torians in this project wish to discover certain patterns in those vital
records. An important aspect of the semantic architecture is the clear
separation of concerns that reflects those requirements – the transcrip-
tion and archival authenticity of the register pages and the interpretation
of the transcribed data – that led to the creation of two distinct ontolo-
gies and knowledge bases.

Keywords: Historical vital records · Cultural heritage · Linked data ·
Ontology engineering · RDF graph transformation

1 Introduction

We report on the semantic architecture and ontology creation of the multi-
disciplinary Irish Record Linkage (IRL) 1864–1913 project. The IRL project
aims to create a knowledge base containing historical birth-, marriage- and death
records translated into RDF and create a Linked Data [6] platform to analyze
those events. The project involves the expertise of three disciplines [3]: historians,
digital archivists and knowledge engineers. With the help of knowledge engineers
creating the ontologies and setting up the platform and the digital archivists
who curate, ingest and maintain the RDF, the historians will be able to analyze
reconstructed “virtual” families of Dublin in the 19th and early 20th centuries,
c© Springer International Publishing Switzerland 2015
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allowing them to address questions about the accuracy of officially reported
maternal mortality and infant mortality rates. To aid the historians in their
data analysis, the knowledge engineers also contribute in linking people across
records and the contextualization of the information with other datasets.

2 General Records Office

In Ireland, the General Register Office – GRO for short – is Ireland’s civil reg-
istry responsible for recording information on births, deaths and marriages. In
this project, the Registrar General of Ireland generously offered us records of
6,009,781 births (from 1864 to 1912), 4,314,963 deaths (from 1864 and 1912) and
1,443,110 marriages (from 1845 to 1912) under strict terms and conditions. It
became compulsory to report and register births, deaths and marriages in 1864,
but non-Catholic marriages were already being registered from 1845 onwards.1

This explains the broader timespan for marriage records. Records of these events
were captured on register pages (up to 10 per page for births and deaths, and
up to 4 for marriages - see Fig. 1 for a redacted example) divided by district and
sent to the GRO where volumes were then created and an index compiled. The
information was provided to us as a database dump of the GRO’s database with
digitized versions of the register pages and indexes.2

The information system the GRO has built allowed one to search for vital
records concerning a person based on a person’s name, geographical area (to
the level of district) and year; one of their core services to the public. Not only
has the GRO spent resources in the construction of such a service, an enormous
amount of effort also went into the digitization of register pages and indexes as
accurately as the recording of a subset of the information in a relational database.
A rational decision was made to only enter in the database the information
sufficient to efficiently find records. While the system developed by the GRO
works perfectly for finding historical records, information that is key in answering
the IRL historians’ questions were not captured by the database (such as the
places of death, names of the informant, etc.). As such, we should call on the
expertise of digital archivists – trained in processing, transcribing and curating
the information – in preparation for the Linked Data platform to be developed.

The vital records and the goals of the IRL project lead to various challenges
that need to be taken into account and those challenges reside at different levels:
data protection, data transcription, historical evolution (medical knowledge, geo-
graphical, etc.) and, of course, the method for answering the historians’ research
questions. We will highlight some of the pertinent challenges below that will
influence the design of the semantic architecture and the transcription workflow.

1 http://www.irish-genealogy-toolkit.com/Irish-marriage-records.html.
2 The terms and conditions of our data sharing agreement do not permit us to make

public any data that would identify any individual [3]. One can access the historic
records of the GRO at its dedicated research room in Dublin, but it is restricted per
diem and there is an associated charge.

http://www.irish-genealogy-toolkit.com/Irish-marriage-records.html
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Fig. 1. Part of a register page containing death records (redacted as per our data
sharing agreement). Copyright held by the General Register Office and reproduced
with permission.

Data security and protection in terms of transfer, storage and use by autho-
rized parties were covered by the data sharing agreement with the GRO. The
goal of the IRL project is to build a platform that allows one to analyze the
data captured in those records and not to replace the service already built
by the GRO, although the new platform would support the queries typically
executed by GRO as well. As per our data sharing agreement, the dataset in
its entirety (that means data and digitized objects) should only be available
to the members of the project team. With the help of the digital archivist,
who is familiar with data protection legislation and best practices, we fur-
thermore identified which guidelines to follow.

Records, knowledge and interpretation. Another challenge is the varying
levels of detail in the records (seen in, for instance, the causes of death)
and the variances in how subject names and places were recorded (initials,
short hands, name of a building versus street name, etc.) [3]. These variances
might imply something, which we are currently unaware of. Therefore, we
should ensure that the transcription of the register pages transcribes exactly
what was written down. In other words, the manipulation of the information
should be kept to a minimum. This leads to another, yet related challenge,
clearly separate two concerns: the exact transcription of what has been cap-
tured on the register pages as to have an authentic virtual account of historic
events; and the interpretation, possibly with background knowledge, of cer-
tain aspects based on these interpretations. Examples of how interpretation
can differ are the evolution of Ireland’s geography (place names changing and
streets disappearing, merging and even reappearing), evolution in knowledge
(e.g., new insights in medicine) and even the adoptions of different theories
(e.g., different classifications of social status).

Provenance and archival authenticity. Archival theory is based on two
key principles, respect de fonds (original order) and archival provenance.
Respect de fonds is the principle which guides archivists when exerting intel-
lectual control over a collection, and ensures that the archival record is always
described in relation to the context in which it is created as far as possible
(for example a letter should only be described in terms of a set of correspon-
dence where it is available). We follow this principle by transcribing not a
line of data about an individual, which is meaningless in an archival context,
but the entire register page that constitutes an archival record or object. The
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principle of respect de fonds is linked closely to provenance, which forms the
foundation of archival description. Provenance refers to how the archival
record relates to its creator, and can only be maintained through the appro-
priate description of an archival record. These principles are important in
the digital sphere, and describing and authenticating records in this way
gives meaning through the provision of context.

Other data challenges include the conversion to appropriate data formats
as well as cataloguing of the digitized objects so as to ensure compliance with
digital preservation best practices. These challenges, however, fall outside of the
scope of this paper; work on the ingestion of the digitized objects in a suitable
digital long-term preservation platform will be disseminated elsewhere.

3 IRL Semantic Architecture

This paper focuses on the semantic architecture on which the user interfaces for
data analysis will be built. These interfaces are currently being developed and
investigated, and will be reported elsewhere (see Sect. 8). The architecture is set
up to cope with the requirements defined by the data challenges described in
the previous section and the research questions the historians aim to address.
Figure 2 depicts graphically our architecture in which the two aforementioned
concerns – exact transcription on the left vs. interpretation on the right – are
strictly separated. We will first motivate the adoption of RDF and semantic
technologies and discuss some aspects of each concern. Details on the ontologies
developed for this platform will be discussed in subsequent sections and build
further upon the work reported in [3].

RDF and Linked Data principles were adopted for various reasons. RDF
allows us to use a simple data model that facilitates the integration of internal
and external data by creating links. Using RDF, the management of knowledge
is scalable, and data access – for analysis, amongst others – is pushed closer

Fig. 2. The conceptual architecture of the IRL Linked Data platform. Transcription of
register pages and the interpretation of the data are strictly separated.
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to the user and application level by adopting the Linked Data principles (e.g.,
content negotiation) and the W3C SPARQL recommendation.

By reusing the existing HTTP infrastructure on which Linked Data is built,
datasets that are behind firewalls can still link to other datasets in the Linked
Data cloud. This allowed us to take a conservative approach by setting up our
services behind a firewall and create (and exploit) outbound links; we thus ben-
efit from all the Semantic Web technologies and the Linked Data cloud has to
offer without violating our data sharing agreement and data protections legisla-
tions. Datasets relevant for this project that provide additional context include
DBpedia [1] and Linked Logainm [13]. The latter is a Linked Data version of the
authoritative bilingual database of Irish place names logainm.ie. Linked Logainm
also provides links to places in DBpedia and geonames.org.

OWL 2 was adopted for the creation of the two ontologies allowing us to
infer implicit information and rule languages were adopted to encode domain
expert knowledge (historical, medical, etc.) to infer additional information that
falls outside the capabilities of OWL.

There are four principles that Linked Data datasets should adhere to [2]:
(1) use URIs as names for things; (2) use HTTP URIs so that people can look up
those names; (3) provide information with standards (e.g., RDF) when URIs are
looked up; and (4) include links to other URIs. Principles 1 to 3 are adhered to by
both triplestores. The GRO triplestore provides links to other URIs within the
same dataset to avoid interpretation and contextualization. The IRL triplestore
links to external datasets to provide that contextualization. Since the datasets
are behind a firewall, inbound links are not possible. Outbound links can be
followed to discover more information. The authors are aware that the fire-
wall can pose problems if one wishes to execute federated queries (across dif-
ferent datasets), but this has not yet been encountered within the context of
this project.

For the platform, we adopted Jena TDB as triplestores and Jena Fuseki
to provide the SPARQL endpoints.3 Pubby is used to create a simple Linked
Data frontend via those endpoints.4 Details on the technologies adopted for the
generation of RDF triples from the relational database and the transformation
of triples for the interpretation of the data will be provided in the next sections.

4 Transcription of the Register Pages

We reiterate that the existing system the GRO has built took into account
the attributes necessary to find records about individuals, thereby leaving out
all fields on the register pages that were not relevant for this task. The digital
archivists thus have the meticulous and laborious task of transcribing all that was
captured on register pages, which is not merely transcribing those records, but
also involves undertaking research and controlling the quality of what has been

3 http://jena.apache.org/.
4 http://wifo5-03.informatik.uni-mannheim.de/pubby/.

http://logainm.ie
http://geonames.org
http://jena.apache.org/
http://wifo5-03.informatik.uni-mannheim.de/pubby/
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transcribed. Adopting Optical Character Recognition (OCR) was not possible
as a very high level of precision in the transcription process was necessary.

In order to cope with the tension field of transcribing exactly what has been
written down and the normalization of the data in some of these fields, a rela-
tional database has been set up that can capture in greater detail what can be
observed on a register page. On death register pages, for instance, one can find
a field “Certified Cause of Death and Duration of Illness”. We observed vari-
ances in detail, which depended for instance on the registrar or on the informant
(practitioner vs. relative). That field was sometimes used to indicate that the
cause of death was uncertified. The database thus provided an additional field to
indicate whether a death was explicitly certified, explicitly uncertified or neither.
The duration of illness can be unknown or not applicable, e.g., in the case of
drowning. The field can thus be NULL in case no information was provided.

Notes for each record and register page can be kept to capture anomalies or
peculiarities such as signatures with a cross or crossed out information. As the
project continues and the digital archivists transcribe register pages, these notes
could be used as input for the creation of a controlled vocabulary for anomalies
in register pages (see future work).

The database schema was developed in such a way that the data entered
adheres to certain integrity constraints, thus effectively preventing certain errors.
This relational database is then annotated with the Vital Records Ontology,
presented in the next section, using D2RQ [5] and the generated triples are
stored in a records triplestore.

5 Vital Records Ontology (VRO)

Births, deaths and marriages were captured per district (within a union, within
a county) as single records on register pages. These pages can contain up to 10
records after which such a page is signed off by the registrar and sent to the
superintendent registrar for inspection and validation. To create a first version
of the Vital Records Ontology (VRO)5, we “lifted” the information one could
see on one such register page to an ontology.

To minimize interpretation, we choose to develop a “flat” ontology, which
means that most information that can be found on such a register page was
captured as literals. For example, instead of creating a concept Person that can
have a forename and surname, we choose to relate the concept of a Record to
these attributes. For the VRO, we thus defined a few concepts. A RegisterPage
and a Record for representing the different types of records were declared. Each
record must belong to a register page and each register page can have zero
(which implies a blank pages) or more records. We make a distinction between
a Certificate and a MarriageRecord, both of them being disjoint subclasses
of the concept Record. The first has as a subject only one person and the latter
two. The two concepts are disjoints, which makes that no instance of a certificate

5 Available via http://purl.org/net/irish-record-linkage/records.

http://purl.org/net/irish-record-linkage/records
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can be an instance of a marriage record and vice versa. Finally, we created two
disjoint subclasses of the concept Record: BirthRecord and DeathRecord. The
only object property, a relation between two concepts, we needed was to relate
records to register pages. All other properties are datatype properties. Datatype
properties are related to the greatest common denominator. For instance, all
records are signed off by a registrar on a certain date. The date of registration
as well as information on the registrar are therefore related to the concept of
Record so that all subtypes of this class inherit this property.

One of the challenges is to capture the domain as well as possible, yet main-
tain a valid OWL 2 ontology. As explained by Motik and Horrocks in [14], it
is difficult to reason about date and time intervals, and therefore only specific
points in time (captured by both xsd:dateTime and xsd:dateTimeStamp) were
“amenable for implementation” and those “can be handled by techniques simi-
lar to the ones for numbers.” Together with the digital archivist, we choose not
to capture dates mentioned in records as instances of xsd:dateTime as we do
not know the exact times and we felt that encoding “default” times would not
be in keeping with archival principles. We thus chose to declare the range of
these properties as being rdfs:Literal, but provided transcription guidelines
in which the use of xsd:date was to be highly encouraged.

One key requirement for Linked Data platforms in general is adequate iden-
tifiers. For our records knowledge base, we need to identify instances of records
and register pages. Each register page and record is identified by a URI under the
new subdomain http://irl.dri.ie/. Register pages are identified by a unique, phys-
ically stamped number provided by the GRO while digitizing. We use this stamp
number for the creation of URIs identifying register pages. Individual records are
identified by the combination of the stamp and entry-number. Figure 3 depicts
the triples from a death record on a register page of a woman who died of
paralysis in the year 1890.

Fig. 3. Example of the triples from a death record in a register page.

http://irl.dri.ie/
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6 Interpretation of the Register Pages and Records

We already described the importance of separating the information captured in
the register pages and the interpretation thereof. The ontology that needs to
support that kind of interpretation of the GRO data is more challenging given
that the historians wishing to analyze the content are not necessarily familiar
with ontology engineering and the knowledge base needs to support their activi-
ties, we adopted – reported in [3] – the approach proposed by Grüninger and Fox
of having the stakeholders formulating competency questions [12]. The ontology
must contain a necessary and sufficient set of axioms to represent and solve these
questions [12]. These competency questions are not used to generate an ontology,
but rather to evaluate it [11]. Using the types of queries the stakeholders wish to
see answered, the knowledge engineers built an ontology, which was specifically
tailored for the project, yet aimed to reuse existing, established vocabularies
where possible. Competency questions formulated by historians included (para-
phrased from [3]): “How many women died within n days after childbirth due to
complications related to labor [...]?” and “What is the average sibship interval
where the first child did not survive under various socio-economic conditions?”
Those questions can be broken down in smaller competency questions such as:
“Which infants died within the first 24 hours of their life?” and “What was the
cause of death of a person?”

The questions were analyzed to identify the concepts and relations for the
ontology, which were validated by the stakeholders. Graphical representations of
the developed ontologies were used during discussions, e.g., as shown in Fig. 4.
The VRO serves to reflect the historical records. Although it contains informa-
tion about events, people, places, etc., the VRO does not capture these as distinct
entities. However, to reconstitute families and analyze, we need distinct repre-
sentations of events and persons involved. Therefore we developed the Historical
Events Ontology (HEO) on top of the VRO as to provide a base ontology for
answering the competency questions. The choice was made not to declare these
concepts in the VRO as they fulfill the requirement of one particular set of tasks.
This strict separation of concerns would allow for a greater reuse of the
historical records for different kinds of analyses.

We looked at existing ontologies for reuse and integration as well as the cre-
ation of missing concepts and relations for the creation of the HEO. To describe
people, we take into account FOAF6 and the Persona Vocabulary7. Both are
used to describe people, their activities and their relations to other people and
objects. The latter has more relations such as hasChildren.

As the project aims to reconstitute families and health histories of people,
we also included concepts related to time (events), relations, and reused avail-
able domain disease ontologies [7]. The construction of the HEO also included

6 Friend-of-a-Friend: http://xmlns.com/foaf/spec/.
7 http://wiki.eclipse.org/Persona vocabulary.

http://xmlns.com/foaf/spec/
http://wiki.eclipse.org/Persona_vocabulary


On a Linked Data Platform for Irish Historical Vital Records 107
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Fig. 4. Concepts and relations in the Historical Events Ontology for deaths.

formalizing information found in classification systems such as the International
Statistical Classification of Diseases and Related Health Problems.8

Some of the concepts in the HEO are: Person for those involved during
the event or registration; Event to capture the recorded births, deaths and mar-
riages; Place for locations related to events or people; CauseOfDeath to facilitate
reasoning and classifying causes of death; Rank for capturing the rank and occu-
pation of involved persons; and RegisterPage to assure provenance. In a first
instance, the data from the first triplestore is transformed to populate concepts
and relations in the HEO by a series of SPARQL CONSTRUCT queries and
SWRL rules. For instance, the following query allows us to create instances of
the class foaf:Person from death records (prefixes omitted):

CONSTRUCT { ?new a foaf:Person; rdfs:seeAlso ?r;

foaf:firstName ?f; foaf:familyName ?s.

} WHERE { ?r a rec:DeathRecord; rec:forename ?f; rec:surname ?s.

BIND (URI(CONCAT(STR(?record),"/person")) AS ?new). }

Transforming graphs from the first knowledge base into the second leads to
the creation of many persons. Matching techniques are adopted to identify the
same persons across different vital records to assert owl:sameAs statements.
This is an important as some names are very common and women adopted the
name of their husband after marriage. Other fields (place, time) need to be
taken into account to properly identify the same persons across records. When
transforming the graphs from the first knowledge base into the second, many
instances of persons are created. Another goal of the IRL platform is to add
contextual information from other datasets [3]. We adopted Linked Logainm
[13] for information on Irish place names and links with DBpedia resources.

8 http://apps.who.int/classifications/icd10/browse/2010/en.

http://apps.who.int/classifications/icd10/browse/2010/en
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7 Discussion and Related Work

On Extracting RDF from Databases. Though D2RQ does not yet fully
support the R2RML W3C recommendation9, it proved to be easy to test the
mappings using the built-in Linked Data server. This server also allowed one
to access the database’s content with SPARQL. D2RQ also comes with means
to generate RDF dumps that can be used to populate a triplestore. Tools that
support R2RML do exist, such as XSPARQL [4] – which has been extended
to support R2RML, see [8] – and RML [9]. Though D2RQ so far accommo-
dates our needs, “porting” the mapping to R2RML and investigate its different
implementations will be investigated in the future.

On the Digitized Objects and the Transcriptions. We explained the reason
why the Linked Data platform was placed behind a firewall in Sect. 3. Although
not part of this project, one could investigate which subsets of the knowledge
bases, and in particular the one containing historical events, do not violate the
agreement and could be of benefit to the scientific community. The GRO also
digitized the indexes for finding individual records. Indexes are currently not
transcribed as they provide no additional information for our data analysis and
individual records can be queried with SPARQL.

Important to consider in the future is the long-term preservation of the dig-
itized objects and their RDF transcriptions. The Digital Repository of Ireland
(DRI, http://www.dri.ie) is the national trusted digital repository for Ireland’s
social and cultural data. The DRI platform supports the ingestion of digitized
objects and metadata, including Qualified Dublin Core (QDC) and Encoded
Archival Description (EAD), and the configuration of access policies and licenses
for these objects. Each object receives a Digital Object Identifier which will be
referred to by the RDF transcription via, for instance, rdfs:seeAlso state-
ments. We create an RDF file for each register page and related records by
executing SPARQL DESCRIBE queries (an example with prefixes omitted is
shown below). Those files are then used as input to create QDC files via an
appropriate XSPARQL mapping.

DESCRIBE * WHERE { ?page r:stampNumber"4740271"; r:withRecord ?record. }

On Ontology Engineering. The digital archivists keep track of any anom-
alies or peculiarities in the register pages and individual records in a notes field
in the database. Examples of anomalies include strikethroughs in fields or the
occurrence of crosses where signatures are necessary. The first could indicate a
correction or removal of information, the latter could indicate an illiterate person.
We carefully chose to use the verb “could” as these are historical vital records
and we should not give an interpretation to these anomalies when we are not
sure. Depending on the nature of these anomalies and their frequency, we could
consider using these for the creation of a controlled vocabulary; allowing one
to look up these anomalies and decide how to interpret them. This vocabulary,
captured as an ontology, would then reside next to the VRO.
9 http://www.w3.org/TR/r2rml/.

http://www.dri.ie
http://www.w3.org/TR/r2rml/
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8 Conclusions and Future Work

We reported on the creation of the semantic architecture, the ontologies and
knowledge bases of the IRL Linked Data platform. Taking into account the
requirements of both the digital archivists (archival authenticity, preservation,
cataloguing and data protection) and the historians (answering their research
questions), the Linked Data platform is comprised of two distinct knowledge
bases, each supported by a different ontology, to separate those two concerns:
the Vital Records Ontology for the exact transcription of the historical vital
records and register pages, and the Historical Events Ontology for an interpre-
tation of the register pages. The creation of the first was fairly straightforward
and primarily the result of a collaboration between the knowledge engineers
and digital archivists. The latter also involved the historians who were asked to
formulate competency questions to identify concepts and relations. Reasoning
provides one motivation for adopting semantic technologies. The second is the
creation of links with other datasets providing additional context to interpret
the data. As the transcription of register pages is a laborious process, the lat-
ter can only be meaningfully evaluated when we have an adequate number of
transcriptions.

The lessons learned in this study arise from the value of the separation of
concerns. Though digital archivists could have elicited facts from the register
pages immediately and solely fit for answering the competency questions in this
project, the resulting dataset would have had limited value for reuse and future
research questions. We argue that the return in value justified the extra overhead
in terms of transcription and platform complexity. Our approach is thus differ-
ent from, for instance, the Dacura platform [10], which adopts crowdsourcing
techniques to elicit facts from datasets such as newspaper articles according to
a schema for a particular purpose.

Future work that we will prioritize will be the ingestion of the digitized images
and their RDF in a long-term preservation platform according to best practices
and standards and the investigation to what extent parts of the knowledge bases
can be made available to the public without revealing the details of individuals.
Finally, this paper focused on the semantic architecture upon which applica-
tions can be built. The user interfaces which will aid the historians in answering
their research questions built on top of the semantic architecture are still being
investigated and will be reported elsewhere.
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Abstract. Linked Data is the most common practice for publishing and
sharing information in the Data Web. As new data become available,
their exploration is a fundamental step towards integration and interop-
erability. However, typical search methods as SPARQL queries require
knowing both the SPARQL syntax and the vocabulary used in the data.
For this reason, keyword-based search has been proposed, allowing an
intuitive way for searching an RDF dataset. In this paper, we present
a novel approach for keyword search on graph-structured data, and in
particular temporal RDF graph, i.e. RDF data that involve temporal
properties. Our method, instead of providing answers directly from the
RDF data graph, automatically generates a set of candidate SPARQL
queries that try to capture users information need as expressed by the
keywords used. To support temporal exploration, our method is enriched
with temporal operators allowing the user to explore data within prede-
fined time ranges. To evaluate our approach, we perform an effectiveness
study using two real-world datasets.

Keywords: Keyword search · Graph data · RDF · Linked Data

1 Introduction

More and more corporate, scientific, governmental and user-generated datasets
break the walls of traditional “private” management within their production site,
are published and become available for potential data consumers. The Linked
Data (LD) is the most common practice for publishing, sharing and manag-
ing information in the Data Web, offering new ways of data integration and
interoperability. The main concept in LD is that all resources published on the
Web are uniquely identified by a Uniform Resource Identifier (URI), and typed
links between URIs, also identified by URIs, are used to semantically connect
resources1. LD is implemented with the RDF2 technology: (a) RDF is used for
the representation and modeling of structured and semi-structured data on the
Web and (b) RDF links are used to interlink data from different data sources.
1 http://www.w3.org/TR/ld-bp/.
2 http://www.w3.org/RDF/.
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The RDF representation is a set of statements about resources. Such state-
ments are known as triples. A triple is an expression of the form subject pred-
icate object. The subject refers to a resource to be described, the predicate is
usually a term from existing vocabularies, while the object can either be a literal
(i.e., string) or another resource. A set of RDF triples can also be represented
by a directed labelled graph, known as the RDF data graph. The most com-
mon way for searching an RDF data graph is the SPARQL query language [9].
SPARQL queries involve conjunctions and disjunctions of triple patterns which
are matched on the RDF data graph. However, the use of SPARQL requires,
apart from knowing its syntax, also the knowledge of the RDF schema used to
model the data. For this reason, keyword-based search has been proposed in
bibliography, allowing an intuitive way for searching an RDF dataset.

In this paper, we present a novel approach for keyword search on graph-
structured data, and in particular RDF graph. Our method, instead of provid-
ing answers directly from the RDF data graph, generates automatically a set
of candidate SPARQL queries that try to capture users information needs as
expressed by the keywords used. Our approached is tailored to temporal RDF
data, i.e. RDF data that involve temporal properties. To this end, our method
is enriched with temporal operators allowing the user to explore data within
predefined time ranges. To evaluate our approach, we perform an effectiveness
study using two real-world datasets.

2 Problem Definition

We assume that the user wants to explore of a dataset using a user query language
QU , while the system supports queries only in a specified system query language
QS different from QU . To deal with this case, a transformation from QU to QS is
required. We focus on datasets modeled in RDF graph form, defined as follows:

Definition 1. An RDF data graph G is a tuple (V,E,L) where:

– V is a finite set of vertices. V is defined as the disjoint union VE ∪ VC ∪ VV ,
where VE is a set of vertices representing RDF entities, VC is a set of vertices
representing RDF classes and VV is a set of vertices representing literals.

– E ⊆ V ×V is a finite set of order pairs (v1, v2), called edges, where v1, v2 ∈ V .
– L : {V ∪ E} → L is a function assigning ∀v ∈ V and ∀(v1, v2) ∈ E a label

from alphabet L. The alphabet L is defined as the disjoint union LE ∪ LC ∪
LV ∪ LR ∪ LA ∪ {type, subclass}, where LE is a set of labels for the RDF
entities, LC is a set of labels for the RDF classes, LV is a set of labels for the
literals, LR is a set of labels for the inter-entities properties, LA is a set of
labels for the entity-to-attribute properties. The following restrictions apply:

• L(v) ∈ LE if and only if v ∈ VE,
• L(v) ∈ LC if and only if v ∈ VC ,
• L(v) ∈ LV if and only if v ∈ VV ,
• L((v1, v2)) ∈ LR if and only if v1, v2 ∈ VE,
• L((v1, v2)) ∈ LA if and only if v1 ∈ VE and v2 ∈ VV ,
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Fig. 1. An RDF subgraph from the DIANA dataset. If v ∈ VE then it has oval shape, if
v ∈ VC a diamond shape and if v ∈ VV a rectangle shape. Also, dotted edges represent
entity-to-attribute properties, while solid edges represent inter-entities properties.

• L((v1, v2)) = type if and only if v1 ∈ VE and v2 ∈ VC ,
• L((v1, v2)) = subclass if and only if v1, v2 ∈ VC .

We consider two predefined types of edges, type and subclass, that have a
special interpretation within RDF schema. The former states that an RDF entity
is an instance of an RDF class, while the latter states class hierarchy [3]. The
URIs of RDF entities define the set LE , while the URIs of RDF class and RDF
properties define the sets LC and LR ∪ LA, respectively. Finally, all literal data
values define LV . Figure 1 shows an RDF data subgraph for the DIANA dataset
(see Sect. 6). The oval shape vertex MI0000262 represents an RDF entity of the
RDF class Hairpin. The entity’s name is hsa-mir-147a and it is related with the
entity MIMAT0000251 of the RDF class Mature via the property producesMature.

In our scenario, the user query language QU is defined as a set of keywords
K = {k1, k2, . . . , kn}, while the system supports a query language QS that pro-
duces conjuctive SPARQL queries. These queries can also be viewed as graph
patterns defined as follows:
Definition 2. A graph pattern GQ on an RDF data graph G = (V,E,L) is a
tuple (VQ, EQ,LQ) where:
– VQ is a finite set of vertices. VQ is defined as the disjoint union VV AR ∪VCL ∪

VV AL, where VV AR is a set of vertices representing variables, VCL ⊆ VC is a
set of vertices representing RDF classes and VV AL ⊆ VV is a set of vertices
representing literals.

– EQ ⊆ VQ × VQ is a finite set of order pairs (v1, v2), where v1, v2 ∈ VQ.
– LQ : {VQ ∪ EQ} → LQ is a function assigning ∀v ∈ VQ and ∀(v1, v2) ∈ EQ

a label from alphabet LQ. The alphabet LQ is defined as the disjoint union
LV AR ∪ LC ∪ LV ∪ LR ∪ LA ∪ {type}, where LV AR is a set of labels for the
variables. The following restrictions apply:
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• LQ(v) ∈ LV AR if and only if v ∈ VV AR,
• LQ(v) ∈ LC if and only if v ∈ VCL,
• LQ(v) ∈ LV if and only if v ∈ VV AL,
• LQ((v1, v2)) ∈ LR if and only if v1, v2 ∈ VV AR,
• LQ((v1, v2)) ∈ LA if and only if v1 ∈ VV AR and v2 ∈ {VV AL ∪ VV AR},
• LQ((v1, v2)) = type if and only if v1 ∈ VV AR and v2 ∈ {VCL ∪ VV AR}.

Given an RDF data graph G and a graph pattern GQ, answers are con-
structed by mapping the variables VV AR ∈ GQ to vertices V ∈ G such that
the substitution of variables in the graph pattern would yield a subgraph of G.
Considering the above definitions, the problem is defined as follows:

Problem. Given an RDF data graph G and a set of keywords K = {k1, k2, . . . ,
kn}, we want to compute a ranked list of graph patterns GQ given a ranking
function R. The transformation of the keywords to graph pattern can be seen as
a mapping fuction µ(K) = GQ, where each keyword ki will match to L \ LE .

3 Indexing RDF Graph Data

To assist the construction of graph patterns GQ for a given set of keywords, we
use two types of indices: (i) a term index and (ii) a schema-guide graph.

3.1 Term Index

A term index, given a keyword ki, returns a set of matches from the RDF data
graph G, Mi = {m|m ∈ G = (V,E,L)}, along with other necessary information
to assist query formation. More specifically, if m ∈ LA, i.e. matches to a label
of an entity-to-attribute property, then in the RDF data graph G exists at least
one e ∈ VE , v ∈ VV and c ∈ VC such that (e, v) ∈ E with L((e, v)) = m and
(e, c) ∈ E with L((e, c)) = type. In the index, we also keep the labels of the RDF
classes c of the entities e that are subjects to the entity-to-attribute property
with label m. Similarly, if m ∈ LR, i.e. matches to a label of an inter-entities
property, then in G exists at least one es, eo ∈ VE , es �= eo and cs, co ∈ VC such
that (es, eo) ∈ E with L((es, eo)) = m, (es, cs) ∈ E with L((es, cs)) = type and
(eo, co) ∈ E with L((eo, co)) = type. In the index, we also keep the labels of the
pairs of the RDF classes 〈cs, co〉 of the entities es, eo that are subjects and objects
of the inter-entities property with label m, respectively. Finally, if m ∈ VV , i.e. a
literal, then in the RDF graph G exists at least one e ∈ VE , c ∈ VC such that
a = (e,m) ∈ E and (e, c) ∈ E with L((e, c)) = type. It is possible that the same
literal is met in multiple entities e of the same or even different classes c under
both the same property or different properties a. To keep the index minimal, we
keep one entry per property a for a given literal m, grouping only the labels of
the RDF classes c. Table 1 shows analytically the information provided by the
term index depending on the type of the matched element m.
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Table 1. The information of the term index by the type of the matched element m.

Matched element Term Index Structure Notation

m ∈ LA [m, {L(c1), . . . ,L(cn)}] ci ∈ VC and L(ci) ∈ LC

m ∈ LR [m, {〈L(cs1),L(co1)〉, . . . , 〈L(csn),
L(con)〉}]

csi , coi ∈ VC and L(csi),
L(coi) ∈ LC

m ∈ VV [m,L(a), {L(c1), . . . ,L(cn)}] L(a) ∈ LA, ci ∈ VC and
L(ci) ∈ LC

3.2 Schema-Guide Graph

The schema-guide graph is an aggregated representation of the RDF data graph.
It is used to guide the query computation process and it is defined as follows:

Definition 3. A schema-guide graph GSCM of an RDF graph G = (V,E,L) is
a tuple (VSCM , ESCM ,LSCM ) where:

– VSCM is a finite set of vertices defined as the disjoint union VC ∪ {Thing},
– ESCM ⊆ VSCM × VSCM is a finite set of order pairs (v1, v2), where v1, v2 ∈

VSCM and
– LSCM : {VSCM ∪ ESCM} → LSCM is a function assigning ∀v ∈ VSCM and

∀e ∈ ESCM a label from alphabet LSCM , which is defined as the disjoint union
LC ∪ LR ∪ {Thing, subclass}. The following restrictions apply:
• LSCM (v) ∈ LC if and only if v ∈ VC ,
• LSCM (v) = Thing if and only if v = Thing,
• LSCM ((v1, v2)) ∈ {LR, subclass} if and only if v1, v2 ∈ VC .

Every vertex c ∈ VC of the schema-guide graph GSCM represents all the
entities vertices e ∈ VE ⊂ V of the RDF data graph G that have RDF type c and
LSCM (c) ∈ LC . On the other hand, vertex Thing ∈ VSCM with LSCM (Thing) =
Thing represents all entities vertices e ∈ VE ⊂ V of the RDF data graph G that
have no given type. Similarly, an edge (c1, c2) ∈ ESCM of the schema-guide

addHairpinParent

removeHairpinParent

PaperMirnaConnection

PaperMeshConnection

Mature

Hairpin Gene

Paper KeggGeneConnection

Kegg

Interaction

Transcript

Species
hasM

atur
e

hasMature

hasHairpin
hasHairpin

hasMirna

ha
sM

irn
a

hasPaper

hasPaper inPublica
tion

or
p

er
ut

a
Ms

e
c

u
d

has
Kegg

producesTranscript
sp
ec
ie
s

species

species

producesHairpin

hasMature

h
asT

arget

hasGene

SNP

MicrotANN
microtANN
microtCDS

MicrotCDS

lncPredicted

lncPrediction

Fig. 2. The schema-guide graph of DIANA dataset.



116 K. Gkirtzou et al.

graph GSCM represents all edges (e1, e2) ∈ E where e1, e2 ∈ VE of the data
graph G if and only if (e1, c1) ∈ E with L((e1, c1)) = type and (e2, c2) ∈ E with
L((e2, c2)) = type. In this case, LSCM ((c1, c2) = L((e1, e2)) ∈ LR. Finally, the
edge (c1, c2) ∈ ESCM with L((c2, c2)) = subclass represents class hierarchy.

Figure 2 shows an example of the schema-guide graph for the DIANA dataset.
Note that vertices here represent all RDF entities from the RDF graph of a
specific type rather than specific RDF entity. For example vertex MI0000262
in Fig. 1 is represented by vertex Hairpin in Fig. 2. Similarly, the property
producesMature between the RDF entities MI0000262 and MIMAT0000251 in
Fig. 1 is represented by the abstract edge producesMature between vertex
Hairpin and vertex Mature in Fig. 2.

4 Query Pattern Graph

To compute the graph patterns as a response to use keyword-based queries,
we perform the following steps: (1) for each keyword ki ∈ K we retrieve all its
matches Mi on the RDF data graph, (2) we calculate all possible combinations of
the matched elements C = M1 × . . . × Mn = {c = (m1, . . . ,mn)|mi ∈ Mi,∀i =
1, . . . , n}, (3) for each combination c = (m1, . . . ,mn) ∈ C that contains one
matched element mi per keyword ki, we create an augmented schema-guide
graph GAUG, (4) for each augmented schema-guide graph GAUG, we generate
the graph query pattern GQP which is used to form a SPARQL query and
(5) we rank each query pattern graph GQP based on a ranking function R.

4.1 Augmented Schema-Guide Graph

The augmented schema-guide graph is used as a data guide for the query pattern
formation and it is defined as follows:

Definition 4. An augmented schema-guide graph GAUG of an RDF data graph
G = (V,E,L) is a tuple (VAUG, EAUG,LAUG) where:

– VAUG is a finite set of vertices defined as the disjoint union VC ∪VV AL ∪VU ∪
{Thing}, where VV AL ⊆ VV is a set of vertices representing literals and VU

is a set of vertices representing unknown literal values,
– EAUG ⊆ VAUG × VAUG is a finite set of order pairs (v1, v2), where v1, v2 ∈

VAUG and
– LAUG : {VAUG ∪ EAUG} → LAUG is a function assigning ∀v ∈ VAUG and

∀e ∈ EAUG a label from an alphabet LAUG, defined as the disjoint union
LC ∪ LV ∪ LR ∪ LA ∪ {Thing, subclass}. The following restrictions apply:
• LAUG(v) ∈ LC if and only if v ∈ VC ,
• LAUG(v) ∈ LV if and only if v ∈ VV AL,
• LAUG(v) = ∅ if and only if v ∈ VU ,
• LAUG(v) = Thing if and only if v = Thing,
• LAUG((v1, v2)) ∈ {LR ∪ subclass} if and only if v1, v2 ∈ VC ,
• LAUG((v1, v2)) ∈ LA if and only if v1 ∈ VC and v2 ∈ {VV AL ∪ VU}.
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Given a set (m1, . . . ,mn) ∈ C, we construct the augmented schema-guide
graph GAUG from the schema-guide graph GSCM as follows:

– If mi ∈ LV , add an edge (c, vmi
) and a vertex vmi

with LAUG(vmi
) = mi.

The newly inserted edge (c,mi) will be attached to the proper c ∈ VC ∪
Thing vertex and labelled LAUG(c, vmi

) = L(a), according to the information
provided by term index for mi.

– If mi ∈ LA, add an edge (c, v) and a vertex v. The newly inserted edge (c, v)
will be attached to the proper c ∈ VC ∪ {Thing} vertex and will be labelled
as LAUG(c, v) = L(c) ∈ LA, while the newly inserted vertex v ∈ VU will not
be labelled.

– If mi ∈ LR or mi ∈ LC , do nothing as they are already part of the schema-
guide graph GSCM .

4.2 Query Pattern Graph Formulation

Definition 5. The Query Pattern Graph GQP is the minimal connected sub-
graph of the augmented schema-guide graph GAUG such that it includes all the
matched elements mi ∈ c and there exists no other query pattern graph G′

QP

such that C(G′
QP ) < C(GQP ) for a given cost function C.

In our framework, we define the cost function as the average pairwise distance
between the matched elements mi, in other words C(GQP ) =

∑
dist(mi,mj)

∀i, j = 1, . . . , n and i �= j. In order to minimize the cost function for every pair
of matched elements (mi,mj) i �= j, we calculate their shortest path in GAUG.
Note that during the shortest path calculations we ignore the directionality of
the edges. Moreover, since a matched element mi, i.e. a source or sink of the
shortest path algorithm, can also be an edge, then the distance between two
matched elements counts the number of both vertices and edges that needs to
traverse across the augmented summary graph GAUG. Finally, we combine all the
pairwise shortest path forming a connected subgraph, the Graph Query Pattern
GQP . Note that the GQP is a “compressed” form of graph pattern GQ. Each
node v ∈ {VC ∪{Thing}} from GQP is a hypernode that corresponds to a single
subtree G′

Q ⊂ GQ which contains two vertices v1, v2 ∈ G′
Q, where v1 ∈ VV AR

and v2 ∈ VC connected with an edge (v1, v2) with label type. Any edge e initially
attached to hypernode v can be attached to vertex v1.

4.3 Query Mapping

The next step is to translate the query pattern graph GQP into a SPARQL
query. Remember that GQP = (VQP , EQP ,LQP ) is a subgraph of the augmented
schema-guide graph GAUG and it is also a compressed form of a graph pattern
GQ, thus some of its elements have known fixed values and some need to be
associated with variables. More specifically, vertices v ∈ VC∪VU represent generic
RDF elements and need to be associated with variables. Note also that the labels
of the vertices can be used as constants in the triple patterns, while the labels
of the edges as predicates. Given these observations, to produce conjunctive
SPARQL queries for every graph element ∈ GQP we perform:



118 K. Gkirtzou et al.

addHairpinParent

removeHairpinParent

PaperMirnaConnection

PaperMeshConnection

Mature

Hairpin Gene

Paper KeggGeneConnection

Kegg

Interaction

Transcript

Species
hasM

atur
e

hasMature

hasHairpin
hasHairpin

hasMirna

ha
sM

irn
a

hasPaper

hasPaper inPublica
tion

or
p

er
ut

a
Ms

e
c

u
d

has
Kegg

producesTranscript
sp
ec
ie
s

species

species

producesHairpin

hasMature

h
asT

arget

hasGene

SNP

MicrotANN
microtANN
microtCDS

MicrotCDS

lncPredicted

lncPrediction

MIMAT0000251 NAME

cha
ng

e
accession

Fig. 3. One of the 6 possible Augmented schema-guide graph for the keywords
MIMAT0000251, name and hasTarget in the DIANA dataset.

– if v ∈ {VU ∪ VV AL}, then associate the vertex v with a new variable var(v),
– if v ∈ VC , then associate the vertex v with a new variable var(v) and produce

the triple pattern var(v) rdf:type LQP (v), where LQP (v) ∈ LC .
– if (s, o) ∈ E from vertex s ∈ VC to vertex o ∈ VC represents an inter-

entities property where LQP ((s, o)) ∈ LR, then produce the triple pattern
var(s) LQP (e) var(o),

– if (s, o) ∈ E from vertex s ∈ VC to vertex o ∈ VV AL represents an entity-to-
attribute property where LQP (o) ∈ LV and LQP ((s, o)) ∈ LA, then produce
the triple pattern var(s) LQP ((s, o)) var(o). FILTER(var(o) = LQP (o)) and

– if (s, o) ∈ E from vertex s ∈ VC to vertex o ∈ VU represents an entity-
to-attribute property, such that LQP ((s, o)) ∈ LA, then produce the triple
pattern var(s) LQP ((s, o)) var(o).

Finally, all produced queries are ranked based on a given ranking function R.
In our framework, we provide three different ranking functions (a) the number
of triplet patterns, (b) the average shortest path distance and (c) the longest
shortest path distance. The former works on the SPARQL form of the generated
query, while the latter two work on the query pattern graph GQP . Note that
the smaller the score of the ranking function R for a given query, the higher
the ranking position. The idea behind this is based on the assumption known
as “Locality of Information”, meaning that the information required by the user
can be modelled in terms of entities which are closely related [11].

4.4 Example

Let’s assume that the user is interested in exploring the DIANA dataset and has
provided the following as keywords: MIMAT0000251, name, hasTarget. Given
the subgraph depicted in Fig. 1, the keywords match to the following elements:
(a) MIMAT0000251 to the literal MIMAT0000251 that is connected via the prop-
erty accession met only with RDF entities of Mature type, (b) name to the
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literal NAME that is connected via the property change met with RDF entities of
type either Mature and to the entity-to-attribute property name met with enti-
ties of type Hairpin, Mature, Species and Gene, resulting in 5 possible matches,
(c) hasTarget to the inter-entities property hasTarget met with subject of type
Interaction and object of type Transcript.

Overall we have 1 × 5 × 1 = 5 possible combinations of the keywords to
matched elements, that would result to 5 possible queries. Let’s consider one
combination, where the name keyword matches to the literal “NAME”. Figure 3
shows the augmented schema-guide graph GAUG for this combination. From this
GAUG we calculate the shortest paths between all pairs of matched elements and
since we have 3 keywords, we need to calculate of

(
3
2

)
= 3 shortest paths. We then

combine them into a single connected component, generating the Query Pattern
graph GQP shown in Fig. 4. Note that the extra node Transcript is attached
to the property hasTarget in order to form a complete triple pattern, although
it is not part of neither of the previous calculated shortest paths. Finally, the
GQP is mapped to the SPARQL query shown in Fig. 5.

Fig. 4. The Query Pattern Graph
extrapolated from the Augmented
Schema-Guide Graph of Fig. 3. In red
we depict the matched elements (Color
figure online).

Fig. 5. The generated SPARQL query
from the Query Pattern Graph of
Fig. 4.

5 Temporal Operators

When working with diachronic data, querying should also involve temporal con-
straints. In our method, we support the following three temporal operators: (a)
at (b) before and (c) after. The first one can be used to retrieve data at a
specific time point, while the other two can be used to define a time window con-
straint. The temporal operators are used as follows: property operator:value,
where property is the temporal entity-to-attribute property that the selected
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Table 2. Aggregated statitics for the datasets of AI4B and DIANA.

Dataset # Triples # Classes # Properties # Unique String Values

AI4B 2, 7 × 106 15 148 6.350

DIANA 4, 6 × 109 16 76 613.408

temporal operator will be applied and value is a desired value. For example, if
the user provides as input “paper let7a year after:2006”, she wants to retrieve
publications related with miRNAs named “let7a” published after 2006.

When a temporal operator is used in a query, we consider the selected tem-
poral property as an extra keyword and proceed to the construction of the query
pattern graph GQP and its mapping to SPARQL as described in Sect. 4. There
are only two small differences. The first one is that when we construct the aug-
mented schema-guide graph GAUG, we add, apart from the temporal property
itself, an extra node representing the desired value provided by the user. The
second difference is that when we translate the temporal entity-to-attribute prop-
erty (recall that it will be represented as an edge (s, o) within GQP from vertex
s ∈ VC to vertex o that represents the selected value) we produce the follow-
ing triplet var(s) LQP (e) var(o). followed by (a) FILTER(var(o) = LQP (o)),
when the at temporal operator is used, (b) FILTER(var(o) ≤ LQP (o)) when the
before temporal operator is used and (c) FILTER(var(o) ≥ LQP (o)), when the
after temporal operator is used.

6 Evaluation

We evaluated our proposed keyword search method using two RDF datasets, the
AI4B3 and the DIANA4. The AI4B dataset contains information about biomass
products, while the diachronic DIANA dataset contains aggregated information
of the miRNA world from well-known biology databases that change and evolve
throughout their lifespan. Table 2 shows detailed information about the charac-
teristics of the two datasets. The implementation of the presented method for
the DIANA dataset is available at http://snf-624527.vm.okeanos.grnet.gr:8080/
KeywordSearchDiana/. Finally, our approach has also been incorporated in the
collaborative platform LinkZoo [7].

To evaluate our approach we perform an effectiveness study. We have asked
our collaborators to provide keyword queries along with a natural language
description of the required information. We have aggregated 20 queries in total,
15 for the DIANA (Q1-Q15) and 5 for the AI4B (Q16-Q20). An example
query is “‘Alzheimer’s disease’ mature version at:18” and the corresponding
description is “Retrieve all mature miRNAs of miRBase version 18 that are
related with Alzheirmer’s disease”. All queries used in the evaluation can be
found at https://web.imis.athena-innovation.gr/redmine/projects/lodgov/wiki/
Deliverable2 4 Evaluation.
3 http://snf-629975.vm.okeanos.grnet.gr:8897/ai4b/sparql.
4 http://leonardo.imis.athena-innovation.gr:8891/diana/sparql.

http://snf-624527.vm.okeanos.grnet.gr:8080/KeywordSearchDiana/
http://snf-624527.vm.okeanos.grnet.gr:8080/KeywordSearchDiana/
https://web.imis.athena-innovation.gr/redmine/projects/lodgov/wiki/Deliverable2_4_Evaluation
https://web.imis.athena-innovation.gr/redmine/projects/lodgov/wiki/Deliverable2_4_Evaluation
http://snf-629975.vm.okeanos.grnet.gr:8897/ai4b/sparql
http://leonardo.imis.athena-innovation.gr:8891/diana/sparql
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The effectiveness is calculated by the Reciprocal Rank metric defined as
RR = 1/r, where r is the ranking position of the query that corresponds
to the provided natural language description. To further assist our collabora-
tors in the evaluation process, we provide also a natural language description
of the generated SPARQL queries by incorporating the verbalization system
SPARQL2NL [8]. Figure 6 shows the Reciprocal Rank we have calculated for
our three ranking functions. In the 17 out of 20 queries, we got an RR of 1
meaning that we were able to get the information requested by the users.

Fig. 6. Reciprocal Rank of different ranking functions on DIANA and AI4B datasets.

7 Related Work

The keyword search problem over structured data, either tree structured [4,6] or
graph structured [1,2,5], is a problem that has widely been explored. These works
involve the following basic steps: (a) mapping the keyword elements to structured
data elements (b) connect the keyword elments by searching for substructures
on the data, and (c) return as output the retrieved substructures given a scoring
function. Contrary to the previous approaches, Tran et al. [10] proposed a differ-
ent solution for the keyword search problem. Instead of computing the answers
directly on the data, they compute structured queries allowing the user to choose
the appropriate one. The advantages of this process are the valuable information
provided by the queries allows better comprehension of the retrieved results and
the exploitation of the existing query optimization techniques. Our approach
keywords-to-sparql queries follows [10] approach, but enriches the information
stored within indices and also uses a different exploratory method. More specif-
ically, in comparison with Tran et al.’s keyword index our term index maintains
also information about RDF classes and inter-entities properties allowing to effi-
ciently track possible matches of keywords under a uniform space, while our
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augmented schema-guide graph allows also the encoding of temporal properties.
Furthermore, we create multiple augmented schema-guide graphs one per key-
words combination and use the notion of shortest paths to create a query pattern
graph.

8 Conclusion

In this paper, we have presented a novel method for keyword search on data mod-
eled under the RDF graph representation. Our approach can also be applied to
generic graph-structured data if a schema can be extracted. Contrary to the
most common approaches found in bibliography for the keyword search prob-
lem, where answers are directly computed from the data, our algorithm generates
structured queries driven by the schema of the data. This leverages a two-fold
advantage. Firstly, it provides valuable information to the user in terms of com-
prehension of the data. Secondly, it profits from the system optimization in
order to extrapolate the required results. Furthermore, our method is enriched
with temporal operators allowing a more efficient and deeper exploration of the
diachronic data within predefined time points. We have evaluated our approach
under an effectiveness study using two real datasets and we have achieved an
excellent performance capturing the information requested by the users.
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Abstract. This work aims at enriching author profiles with additional infor-
mation to better support search and retrieval of publications across different
digital libraries. To achieve this objective we exploit concepts for cross-linking
data to identify correlations between one author and other authors, publications
or other related information. We will introduce a profile enrichment approach
which adds additional information (e.g. biographic information) from different
sources to existing author profiles. Within this context, the linked open data
repository DBpedia serves a valuable source for our profile enrichment
approach. Still, one of several challenges in this context is the identification of
the same author in different sources. To address this challenge we will exploit
VIAF (virtual authority file) for author identification. Technically we apply data
mining and clustering techniques to uniquely identify authors.

Keywords: Digital libraries � VIAF � Author disambiguation � Data mining �
Profile enrichment � Linked open data

1 Introduction

It is widely accepted that Digital Libraries (DL) play an important role in modern
scholarly communication. Typically DLs hold domain specific information (e.g. eco-
nomics) which makes it difficult to search across different domains. For example,
would a scholar need literature from economics and agriculture he or she would have to
access two different DLs. To overcome this limitation, we will explore options for
achieving interoperability by cross-linking authors and/or publications from different
DLs with one another.

The main aim of our work is enriching the content of a DL with additional
information from other DLs especially regarding information which is somehow related
to the authors. Our primary objective is as follows: Assume we have found publications
and bibliographic information from an author in one DL, we want to harvest other DLs
for correlations to other publications of the same authors, of his or her co-authors and
for additional bibliographic information of the initial author.

Our approach suggests creating an author profile, based on the information we have
collected from one DL. This profile will continuously be enriched with additional
information found in other DLs. To enrich the search results from one DL with
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additional results from other DLs we apply author name disambiguation, author
identification and false authorship prevention.

To uniquely identify authors and to create correlations between them, we consider
bibliographic repositories offered by several libraries and institutions. Very promising
is data which are presented in the form of Linked Open Data (LOD), as part of the LOD
cloud [1, 3, 4]. As a test case, we will leverage the following repositories: German
National Library - DNB, Library of Congress - LC, National Library of France - BNF,
National Library of Sweden - KB / LIBRIS.

Finally, we put the Virtual International Authority File - VIAF1 in the center of
our work and utilize it as a “bridge” to those DLs we want to cross-link with each other.

The reminder of this paper is structured as follows. In Sect. 2 we put our work in
context with related work. As a contribution to theory and practice of digital
libraries, Sects. 3 and 4 introduce formally our concepts for profile enrichment, i.e.
we present how we collect information for author profiles, how we model them and
how we correlate them with one another using VIAF as a bridge. Section 5 shows
the practical implementation of our work. It is followed by Sect. 6 which highlights
the most important evaluation results. The paper closes with an outlook on our
future work.

2 Related Work

In general, author disambiguation includes two main steps, measuring the similarity
and clustering similar records [7]. The main challenge is the identification of whether
two authors in the same or different DLs have the same identity or not. The most
explored strategies consider the string processing approach which measures the simi-
larity of authors’ names [8, 9]. The comparisons are one-to-many and many-to-many,
by applying iterative methods [10]. The explored disambiguation process is generally
divided using the following approaches: supervised with heuristic similarity functions,
unsupervised and hybrid [6, 11]. In our approach, the similarity measurement is not
only based on the author’s names. We also consider the semantic distance between
publication titles, co-authors correlations and co-authors publications. As a result, we
suggest a completely automated unsupervised clustering technique.

The most explored strategies in the center of the process apply similarity mea-
surements by employing data mining algorithms for text based distances. The data are
represented as vector space model where the distance between vectors represents the
similarity. Such algorithms include the Cosine Similarity (CS) with TF-IDF, Jaccard
Similarity, Jaro Winkler, and Levenshtein algorithms [7, 9, 12–14].

In almost all these strategies, the author disambiguation process is primarily based
on relationships among co-authors and similarity of publications, by discovering other
relationships in other DLs [15]. The approach presented in [12], gathers information
from citations and submits queries to a Web search engine with the aim to find relevant
information about authors. That is, the possibility of user feedback is emphasized on

1 http://viaf.org/.
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ambiguous references across iterations in which the feedback in combination with the
hybrid supervised process is applied for assigning references to authors [13].

Additionally, there are several efforts for generating authority profiles for uniquely
identifying resources and researchers [16]. We emphasize: ORCID, VIAF, VIVO,
RESERCHERID and OPENID as most appropriate approaches facilitating the dis-
ambiguation of authors and which are used as a “bridge” for retrieving accurate
information from different repositories.

ORCID - Open Researcher and Contributor Identifier create and maintain a registry
of unique researcher identifiers and a method of linking research activities. Main
contributors are several publishing houses, scientific communities and universities. It
has available APIs under an open source license [18].

VIAF - Virtual International Authority File hosted by OCLC (Online Computer
Library Center, Inc.) is a service that virtually integrates multiple authority files from
several national libraries into a single OCLC name authority service. VIAF began as a
common project with the LC, DNB BNF and OCLC [19].

VIVO - enables the discovery of researchers across institutions. It is an open source
semantic web application where through it, institutions such as Cornell, Harvard, and
Indiana University, manage and publish information about researchers and their
activities [20].

RESEARCHID – to identify potential collaborators and avoid author misidenti-
fication, each member is assigned a unique identifier to enable researchers to manage
their publication lists. The ResearcherID information integrates with the Web of Sci-
ence of Thomson Reuters Company [21].

OPENID – is a foundation that promotes OpenID technologies. OpenID Foun-
dation members include leading companies and individuals in the digital identity
industry such as Google, Microsoft and Yahoo [22]. Even though this currently has no
direct application in the scholarly communication, there is a promising potential.

In our work, we consider VIAF with the highest usage relevance. The main idea
of VIAF is to link authority files from several national libraries into a “super” virtual
authority record, i.e., cluster. Currently, the most known national libraries maintain
their own authority files, which brings a distinctive way of preserving them [19].
The VIAF API can be used by anyone without the need of authentication. In
addition, there is also the option of VIAF LOD repositories. However, VIAF
strongly recommends the usage of API because of the frequency of updates of the
VIAF content.

VIAF links disparate names for the same person by integrating authority files from
35 national libraries from 30 countries into a particular cluster. Each cluster is assigned
with a unique number, a VIAF ID. However, there are cases when the VIAF clustering
algorithm shows deficiencies, such as: several clusters for the same person, different
people into the same cluster, incorrect bibliographic data and clusters with poor content
[23]. Based on the results from [17] in a search of 283,114 names, 59 % were not
ambiguous, meaning that only one heading was found, 26 % matched two headings,
10 % matched three headings, 3 % matched four and 2 % more than four.
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3 Basic Principles for Profile Enrichment

Our primary goal is enriching the content of a Digital Library with content from other
repositories by cross-linking information related to authors. Our research is based on
the EconStor2 repository, the leading German Open Access repository for economics
which is maintained by ZBW. EconStor content has also been published in the LOD.

For each EconStor author, we harvest several other repositories for correlations
with other authors, publications or other relevant information about the initial author.
As a result, we create a wider author profile enriched with additional information. This
profile serves two purposes, to enrich the search result and to solve author ambiguities
by global identification of the same author written in different ways or same name
referring to different authors.

The process of correct author identification in different repositories is related to the
challenge of author’s name ambiguity, when determining if two or more references
correspond to the same person [2, 5, 6]. For example, an author can be represented with
different spellings in several bibliographic repositories or different authors can share the
same name, which increases the complexity to the data cross-linking process.

Considering the fact that EconStor content is represented as RDF statements, i.e.,
linked open data, we extend our interest to other bibliographic repositories in the LOD
cloud. Still, the author name ambiguity remains to be the major obstacle for direct
information retrieval about a given author from these repositories.

As an example, we would like to find as much information as possible about an
EconStor author by harvesting other repositories. We often encounter cases in which
the same author is presented with different spelling variations, such as: Adam Smith;
Smith, Adam; A. Smith-; Smith, Adam, 1723–1790; Cмит, Aдaм, 1723; Smith. A.;
Smith, Adam T.; and Smith, Adam, 1930. In addition, there could be different
authors all with the name Adam Smith. In principles, a similar problem concerns the
metadata about titles of publications which can vary across different repositories.

3.1 EconStor Metadata

The process for data cross-linking is based and initiated from the metadata that are used
to describe the authors and publications in EconStor. The most basic metadata for
describing an author are Name and Surname. An author a(aname, asurname) is represented
by the vector a = (t1, t2). Given this, the set of publications where a is author is
represented as Pa ¼ pa1; p

a
2; p

a
3; . . .; p

a
k

� �
. Consequently, every certain publication will

be composed by the set of terms (strings) found in the title, such:

pai ¼ tpi1 ; t
pi
2 ; t

pi
3 ; . . .; t

pi
m

n o
.

Accordingly, for each publication from Pa, other authors are considered to be
co-authors of a. The union of authors from all Pa publications, will represent the set of
co-authors, which are denoted as Aa ¼ aa1; a

a
2; a

a
3; . . .; a

a
n;

� �
.

2 http://www.econstor.eu/.
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The set of co-authors’ publications is of particular importance for determining the
co-authorships at the initial repository. With Pa we will represent the set of publications

of co-authors of a, where �Pa ¼ �pa11 ; ::; �pa1k ; �pa21 ; ::; �pa2k ; �pa31 ; ::; �pank
� �

. Thus, �Pa ¼ �Pai
j ;

n

i ¼ 1; n; j ¼ 1; kg.
Table 1a represents the set of these metadata. A detailed picture of the relationships

is shown in Fig. 1, where can be seen that pa1 and pa2 have a common author.

3.2 VIAF Metadata

VIAF clusters are considered as the target repository in which metadata are analyzed.
The similarity measurement will be performed between the metadata from the VIAF
clusters and the metadata from our repository. For an input author in VIAF the output is
delivered by a set of clusters for that author, denoted as cj, where j = 1, k. Inside each of
these VIAF clusters different forms of authors’ name presentations can be found for a
particular author, obtained from the native libraries. In this paper, the set of variations is
denoted Acj ¼ acj1 ; a

cj
2 ; a

cj
3 ; . . .; a

cj
l

� �
; where each acj1 ¼ t1; t2ð Þ; similarly as in the

initial repository. Except this information, in any cluster cj, a possible list of publica-
tions can be found in addition to the list of co-authors assigned to that author. The set of
publications found in a particular cluster is notated with Pcj ¼ pcj1 ; p

cj
2 ; p

cj
3 ; . . .; p

cj
k

� �
,

while the set of co-authors inside a cluster will be Âcj ¼ âcj1 ; â
cj
2 ; â

cj
3 ; . . .; â

cj
n

� �
.

Besides these data, the set of publications retrieved directly from the libraries or
institutions that are contributing in that cluster can be of a particular importance. These
publications can be retrieved by referring the identification number of each library for
that cluster. Thus, the set of publications extracted from all the sources like this, are
presented with the set �Pcj ¼ �pcj1 ; �p

cj
2 ; �p

cj
3 ; . . .; �p

cj
k

� �
. Table 1b represents the set of

metadata from a particular VIAF cluster that we are considering.

given author 

publications 

co-authors

publications 

Fig. 1. Relationship among authors, co-authors, publications and co-authors publications for a
given author a
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4 Application of the Profile Enrichment

In our work we consider VIAF as a “bridge” to cross-link different bibliographic
repositories. It is a challenge to detect accurately a particular author from a repository,
i.e., EconStor, and to connect this author with the corresponding author in VIAF.
Achieving the right identification will facilitate the process of retrieving information
from other repositories, especially from libraries that contribute to VIAF records, such
as, DNB, LC, BNF and LIBRIS. We also consider other publications from a given
author, correlations with co-authors, biographical data, publishers, etc. (Fig. 2).

4.1 Identifying Authors in VIAF

In Sect. 3.2 we highlighted that a search in VIAF results in several records which match
the name of an author. In a second step, we assess the accuracy for each retrieved
record.

Table 1a. Notation table - metadata from the initial repository

a, a = (t1, t2). the author to be disambiguated

Pa ¼ pa1; p
a
2; p

a
3; . . .; p

a
k

� �
publications of author a

pai ¼ tpi1 ; t
pi
2 ; t

pi
3 ; . . .; t

pi
m

n o
title’s terms from the publication

Aa ¼ aa1; a
a
2; a

a
3; . . .; a

a
n

� �
co-authors of the author a

�Pa ¼ �pa11 ; . . .; �pa1k ; . . .; �pa31 . . .; �pank
� �

publications of co-authors of a

Table 1b. Notation table - metadata from a VIAF cluster

cj clusters to be checked at VIAF

Acj ¼ acj1 ; a
cj
2 ; a

cj
3 . . .; a

cj
l

� �
author’s names variations in a VIAF cluster cj, j = 1, k

Pcj ¼ pcj1 ; p
cj
2 ; p

cj
3 ; . . .; p

cj
k

� �
publications in a VIAF cluster cj

Âcj ¼ âcj1 ; â
cj
2 ; â

cj
3 ; . . .; â

cj
n

� �
co-authors in a VIAF cluster cj

�Pcj ¼ �pcj1 ; �p
cj
2 ; �p

cj
3 ; . . .; �p

cj
k

� �
publications from other sources in the VIAF cluster

Fig. 2. The overview for enriching process with additional information about authors
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For this purpose, we implement data mining techniques, by adopting different vector
space algorithms. With highest priority, we use the Cosine Similarity (CS) in combi-
nation with TF-IDF for the distance between publications, while we apply Levenshtein
distance and Jaro distances for similarity author names. The algorithm we propose
follows ideas from the process of name deduplication and address information [24].

We start by defining the metadata for the publications in our native repository.
These metadata are described in detail in Sect. 3. In the very beginning, the process
starts by using the VIAF API for identifying a particular author. Each retrieved cluster
is analyzed in iterative fashion according to these steps:

i. Similarity among author’s name with the alternatives within a cluster.

In cases when at least one full match is found, a particular weight is assigned to the
variable, denoted as wac. In detail, the similarity check is done only in the context of the
authors name and surname as terms in a vector, i.e. a = (t1, t2) and acji ¼ t1; t2ð Þ. Thus,
iteratively for each name alternative acji within a cluster, similarity measurement is
calculated with the author a.

wac ¼ simða; acji Þ; i ¼ 1; n; j ¼ 1; k; ð1Þ

The similarity among names in this step is calculated with CS and TF-IDF where
only the perfect match among names is considered. We take this simplified approach to
avoid any unreliable results that could be infiltrated when otherwise.

ii. Similarity between publications that an author has in our repository with the
publications found in the VIAF cluster.

With Pa is assigned the set of all publications that this author has in our repository,
while with Pcj the set of publications found in a particular cluster. Each publication
from our repository is compared with each publication found in the cluster. The sim-
ilarity between publications can be measured based on Cosine Similarity with TF-IDF,
where each publication is presented as an array of strings, i.e., terms that consist of the
title of the publication. The outcome of CS is bounded between 0 and 1, where 1

represents a complete match. Thus, a publication pae 2 Pa; pae ¼ tpi1 ; t
pi
2 ; t

pi
3 ; . . .; t

pi
k

n o

and pcjf 2 Pcj; p
cj
f ¼ tcj1 ; t

cj
2 ; t

cj
3 ; . . .; t

cj
m

� �
we have:

wpc ¼ sim pae ; p
cj
f

� �
; e ¼ 1; k; f ¼ 1;m; k;m� 3; ð2Þ

In this case for each comparison a specific weight wpc is assigned. Its value is
determined if the similarity among the compared titles is above the defined threshold,
which is 0.6 for publications that have more than three terms in the title. This value is
set based on our preliminary analysis, which showed that lower thresholds and less that
three terms in the title, resulted in inaccurate matching.

Before performing the similarity algorithm, the cleaning and formatting of the data
is conducted, such as: removing punctuation, eliminating “stopwords”, lowercase and
encoding the data to Unicode character encoding (UTF-8).
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iii. Comparing the list of co-authors for an author with co-authors found in the
cluster.

Let us consider Aa ¼ aa1; a
a
2; a

a
3; . . .; a

a
n;

� �
the set of co-authors with whom the author

a has at least one common publication, while Âcj ¼ âcj1 ; â
cj
2 ; â

cj
3 ; . . .; â

cj
n

� �
is the set of

co-authors in a particular VIAF cluster cj. In this case, as it is explained in (ii), each
co-author from Aa is compared with each co-author from Â cj.

wâc ¼ simðaae ; âcjf Þ; e ¼ 1; k; f ¼ 1;m; ð3Þ

At least one match, Aa \ Â cj ≠ Ø, can be a significant proof that our repository and
the cluster have a common co-author. In that case variable wâc will get a weight for
each iteration in this step. Having more than one match increases the evidence that it is
the required cluster. A more suitable similarity metric for names is applied based on the
Jaro-Winkler similarity metric. In this case the similarity is calculated according
to the characters. The threshold for names calculated by CS remains 1.0, while for
Jaro-Winkler it will be above 0.9.

iv. Checking the list of publications directly from the sources (libraries) that
belong to the cluster.

The set of publications retrieved from the libraries that belong to the cluster cj, is
denoted with �Pcj. For example, if DBN has its records in that cluster, we are measuring
the similarity between them and publications from our repository, pa 2 Pa with
�pcj 2 �Pcj. For each check, a particular weight is assigned to the variable w �Pc, abso-
lutely in the same manner as in the step (ii).

w�pc ¼ sim pae ; �p
cj
f

� �
; e ¼ 1; k; f ¼ 1;m; k;m� 3; ð4Þ

4.2 Determining the Matching Degree

The key factors for determining the matching degree between an author from our
repository with a particular VIAF cluster, are precisely the components presented
above. At each of these components, under (i), (ii), (iii) and (iv) the weight is calculated
iteratively with Eqs. (1), (2), (3) and (4). The overall “weight” is calculated in accu-
mulative way such as sum(wac, wpc, w â c, w �pc), by respecting the threshold.

5 Sample Implementation for Profile Enrichment

In this section we describe the prototype used for the evaluation of the developed
algorithms. This prototype automatically checks VIAF for a particular author and
automatically determines the appropriate clusters according to the principles presented
in the previous sections. For each cluster found, the VIAF ID is taken and assigned to

Author Profile Enrichment for Cross-Linking Digital Libraries 131



the corresponding author in the initial repository (EconStor in our case). As a result, an
author’s profile is enriched with additional information found in the cluster.

For the implementation we use EconStor and an RDF dump file of Econstor.
EasyRdf PHP library and rdf4j Sesame are applied for processing and storing the RDF
data. The current version of dump file contains 1.635.599 RDF statements, 36.490
publications and 27.580 authors.

To give an example, we select a particular author, i.e. “Kubler, Felix”, in EconStor.
As a result a list of all publications, co-authors and co-author’s publications from our
repository will be created and returned to the user of our prototype. Considering this
author, the prototype found six clusters in VIAF, of which the third one is depicted in
Fig. 3. In this cluster, similarities are found related to the author’s name, publications,
co-authors and publications from the libraries that belong to it. From the list of six
publications, the prototype has highlighted three with 100 % match to the EconStor
publication. Also, four co-authors of “Kubler, Felix” with 100 % match were found.

Additionally, there are in total five libraries (“Sources” in Fig. 3) or institutions
which contain this cluster, thus a possible exploration in these resources would endorse
the match. For example, in the German National Library, a publication is found with
100 % similarity (see “Other links” in Fig. 3). However this result is excluded from the

Fig. 3. The case in which the prototype found and evaluated as correct match an EconStor
author with a VIAF cluster
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calculation because the same publication appears in the cluster’s publications, pa ¼ �pcj

(publication 6 in Fig. 3). Overall, all these elements provide evidence that this cluster is
correct for the author “Kubler, Felix”.

For a performed search the number of retrieved results can vary from zero to some
hundreds. The above example had only six clusters, with only one correct cluster.
However, there are several cases in which for one author the number of correct clusters
can be zero, one or more than one cluster that really represents him. In case that at least
one cluster is found, the VIAF ID is saved in our local database, for each author.

6 Evaluation

We have randomly analyzed 991 authors from EconStor to VIAF and generated the
evaluation metrics of recall, precision and F1 score. In our case, precision represents
the fraction of the clusters that are retrieved as correct match. In fact it is the fraction
among the truly correct clusters (true positive) with all clusters that the system has
retrieved as correct, including clusters that are retrieved as correct but are not (false
negative).

Precision ¼ true positive
true positiveþ false positive

¼ jftruly correct clusters gj
j all retrieved clusters as correctf gj

The recall represents the fraction between the truly correct clusters with all correct
clusters, including the clusters that are correct but the system has not identified them as
such (false negative).

Recall ¼ true positive
true positiveþ false negative

¼ jftruly correct clusters gj
j all correct clustersf gj

Based on the manually checked evaluations the system gives an overall precision of
98.1 % and the recall of 95.9 %. Thus, the efficiency of our system is measured with
0.970 as F1 score.

The results in Table 2 represent only the clusters that are marked as positive and the
prototype has marked them as correct clusters. However, there are cases in which for an
author only one or more than one clusters are retrieved as correct match.

Table 2. The number of found VIAF clusters for EconStor authors.

Number of checked
authors from EconStor

Number of truly
found clusters in
VIAF

% Precision Recall F1

for 598 1 60.3 % 0.988 0.957 0.972
for 125 2 12.6 % 0.957 0.972 0.964
for 18 3 1.8 % 0.952 0.976 0.964
for 9 > 3 0.9 % 0.951 0.978 0.964
for 241 0 24.3 % / / /
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Each of these found clusters are manually evaluated for accuracy of matches. Based
on these evaluations, very satisfactory results are generated. In the cases when an
author is matched with only one VIAF cluster, we gain 98.8 % precision, 95.7 % recall
and F1 score of 0.972. Thus the possibility for it to be the correct cluster is almost
absolute. In the cases when two clusters are retrieved as correct match for one author,
the precision is 95.7 % and 97.2 % recall, with F1 score of 0.964.

For each checked author from our repository, the corresponding VIAF ID is stored
locally. Grouping authors like this can be a huge benefit for clustering them inside a
local repository and for creating a local authority profile. Beyond this, the found
VIAF ID offers a permanent link to that cluster in VIAF. This avoids to repeat the
process of identification again. With the right VIAF ID, all the relevant information
found in the cluster are instantly retrieved, such as new publications and new
co-authorship correlations. Figure 3 shows an example of this.

In addition, each cluster keeps in it the identification number of libraries or insti-
tutions that are contributing with content. We are considering these IDs as valuable
information for extending the enrichment of an author profile. Therefore, by having that
id, such as 13043612 for DNB, 129614262 for SUDOC, we can refer directly to these
repositories to search this author. This can be done by different Web Services and APIs
which these libraries offer, or by querying the LOD repositories. Most know libraries
including DNB, LC, BNE, BNB, BNF, and LIBRIS offer their data or metadata as
LOD in LOD cloud. Consequently, by performing a SPARQL query in these reposi-
tories, direct information retrieval is possible.

In several cases, a particular VIAF cluster offers alignment to DBpedia for the
corresponding author. We consider this as a possibility to extend an author profile with
several other information. The prototype automatically realizes a SPARQL query in
DBpedia and retrieves information such as: a short bio, an author picture, a link to
Wikipedia page and a downloadable list of works. Figure 4 depicts details from the
output of this process.

Fig. 4. Finding and extracting author’s information from DBpedia
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7 Conclusion and Future Work

Relying on the initial idea of creating enriched author profiles in a digital library by
extracting data from several other repositories, the process of author disambiguation is
inevitable. We referred to VIAF for avoiding ambiguity and uniquely identifying each
author from our repository. Note, that our algorithm is not limited to EconStor only; it
should work for any repository given that the following input data are provided: author
name, list of publications, co-author names and their publications.

Using our promising results, author profiles as part of a digital library can be
enriched by useful information such as new publications which are not part of the
initial repository, new co-authorship correlations, publications of co-authors, possibility
to cluster authors in the initial repository, biographic information, and DBpedia
content.

As future work, improvements in the process of similarity measurements will be
performed. This will be done by incorporating and combining several metadata ele-
ments and by performing other analyses for similarity calculations. Such analyses will
impact the process of threshold calculations and consequently improve the determi-
nations of a cluster’s accuracy.
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Abstract. In this paper we assess the relative importance of key aca-
demic factors – conference papers, journal articles and student supervi-
sions – on the popularity of scholars in various knowledge areas, including
areas of exact and biological sciences. To that end, we rely on curricu-
lum vitae data of almost 700 scholars affiliated to 17 top quality graduate
programs of two of the largest universities in Brazil, as well as popularity
measures crawled from a large digital library, covering a 16-year period.
We use correlation analysis to assess the relative importance of each
factor to the popularity of individual scholars and groups of scholars
affiliated to the same program. We contrast our results with those of two
top programs of a major international institution, namely, the Computer
Science and Medicine departments of the Stanford University.

Keywords: Citation analysis · Scholar popularity · Academic factors

1 Introduction

Scholar productivity and success is a topic that has attracted a lot of atten-
tion from researchers. While many have proposed alternative metrics to mea-
sure scholar popularity, prestige or influence [7,15,17], others have quantified the
influence of individual articles or publication venues [4,8]. We here focus on one
particular metric, scholar popularity, estimated by the total citation count [7],
which is one of the most widely used metrics of research performance [9,19].

Our present goal is to assess the relative importance of different academic
factors, that is, factors directly related to academic productivity, to the scholar
popularity. Such knowledge is valuable to individual researchers, as it can help
supporting their decisions to build the career in research, as well as to research
institutions, guiding the design of policies to incentivize the productivity growth
of their research group members. Understanding how different factors impact
scholar popularity can also bring insights into the design of more effective pop-
ularity prediction models [1,6], which in turn can be used to improve various
services (e.g., expert or collaboration recommendation services).

Our work complements a recent characterization of scholar popularity in the
computer science community [10]. However, unlike [10] and most prior studies,
c© Springer International Publishing Switzerland 2015
S. Kapidakis et al. (Eds.): TPDL 2015, LNCS 9316, pp. 139–152, 2015.
DOI: 10.1007/978-3-319-24592-8 11
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which focus on scholars from the same knowledge area, we here analyze and
contrast the impact of academic factors on the popularity of scholars in dif-
ferent knowledge areas, including exact (e.g., Computer Science, Physics) and
biological sciences (e.g., Medical Sciences, Neurosciences, and Animal Sciences).
Moreover, unlike [10], we look into the role of student supervisions, and contrast
the importance of publications in scientific events (e.g., conferences, workshops)
and in journals. We aim at addressing questions such as: what is the relative
importance of each academic factor to scholar popularity?, and how does such
importance vary for scholars across different knowledge areas?

Specifically, we quantify the correlations between three core indices of acad-
emic productivity – number of student supervisions, number of conference papers
and number of journal articles – and popularity for almost 700 scholars affili-
ated to 17 graduate programs in two major public universities in Brazil. The
selected programs are ranked among the best ones in the country (in their par-
ticular knowledge areas). Our analyses are performed on a per-scholar basis and
aggregated for individual programs, but always separately for different areas.
Moreover, we compare our findings with the patterns observed for two top pro-
grams of a major international institution, namely the Computer Science and
Medicine departments of the Stanford University in the United States.

The rest of this paper is organized as follows. Section 2 discusses prior work.
Our datasets are described in Sect. 3. Sections 4 and 5 discuss the impact of
the productivity indices on the popularity of individual scholars and graduate
programs. Finally, Sect. 6 offers conclusions and directions for future work.

2 Related Work

The literature is rich in efforts to assess influence, popularity or productivity
in scientific research. One of the earliest studies relied on citation analysis to
measure dependences among journals [4]. More recently, there have been several
proposals of metrics of research performance. Ding and Cronin [7] distinguished
between weighted (e.g., h-index [11]) and unweighted citation counts, using the
former to assess scholar prestige and the latter to estimate scholar popularity.
More sophisticated metrics, relying on machine learning techniques [2] and cus-
tomized indices sensitive to the productivity in specific research fields [5,15],
have also been proposed. Others have used centrality metrics (e.g., PageRank
and its variants), applied to the co-authorship graph, to assess the influence of
a scholar, publication, or publication venue within a community [3,16].

As argued in [13], there is not a clear winner metric, as each one has its own
bias. We here are not interested in proposing a new metric of research performance
but rather assessing the relative importance of core indices of scholar productivity
to this performance. While any particular metric could be used in this study, we
choose one that is widely used, namely scholar popularity estimated by total num-
ber of citations (as defined in [7]). Though simple and easy to compute, this metric
has been shown to be very important for various types of analyses. For instance,
after analyzing the productivity of more than 700 scholars, Riikonen et al. [19]
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concluded that actual publication and citation counts are better indicators of the
scientific contribution of researchers than impact factors. Similarly, citation count
has also been used to study the impact of a scholar experience and prestige on the
number of references used in her publications [9].

Our present work extends a recent effort to study the impact of various aca-
demic factors to the popularity of scholars in the Computer Science area [10].
Unlike this prior study and all prior analyses of scholar performance, we here
consider scholars in different knowledge areas, aiming at identifying similarities
and differences across them. Indeed, to our knowledge, the only few prior efforts
covering multiple knowledge areas are focused on the popularity of publication
venues [3,13], not on scholars. Moreover, we here also analyze the role of stu-
dent supervision to scholar popularity, a factor that was not tackled by most
prior work. Indeed, we are aware of only two prior analyses that exploit student
supervisions [5,14]. However, they are restricted to computer scientists and do
not directly correlate student supervision with scholar popularity, as we do here.

Our work is also orthogonal to prior efforts to develop popularity prediction
models for publications [6] and individual scholars [1], as it aims at assessing
the relative importance of various features to scholar popularity, and thus draws
insights that might help the design of future prediction models.

3 Datasets

Our study is focused on scholars affiliated to different graduate programs of two
of the largest and most important public universities in Brazil, namely Federal
University of Minas Gerais (UFMG) and State University of Campinas (Uni-
camp). These institutions have some of the best graduate programs of the coun-
try in different knowledge areas according to CAPES, the Brazilian Ministry of
Education’s organization for graduate courses and curricula. CAPES periodically
evaluates all graduate programs of the country by assigning a score which varies
from 3 (lowest) to 7 (highest). This score, referred to as CAPES level, takes into
account the scientific production of students and faculty, the curriculum of the
program, the institution’s research infrastructure, among other factors. A score
of 5 is given to programs that reached the national level of excellence, whereas
scores 6 and 7 are assigned to courses with international-level high quality. In
this study, we selected graduate programs that have received scores of 5 or higher
in the most recent evaluation by CAPES. These programs are shown in Table 1.

We collected the names of all scholars affiliated to each selected program
from the SOMOS web portal of each university1. The SOMOS portal, developed
by the UFMG’s Office of Technology Transfer and Innovation, contains detailed
information about each department and graduate program of the university. For
example, for each scholar affiliated to each program, SOMOS provides a list
of keywords, areas of expertise, research groups, and the time series of various
indices of academic productivity. The goal of SOMOS is to ease the identification
of expertises available in the university, fostering a better interaction with public
1 http://somos.ufmg.br and http://somos.unicamp.br (both in portuguese).

http://somos.ufmg.br
http://somos.unicamp.br
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Table 1. Selected graduate programs.

University

UFMG

Total UFMG

UNICAMP

Stanford

Total Stanford

and private institutions. Originally deployed only at UFMG, SOMOS is currently
also available at Unicamp and other smaller Brazilian universities.

The main source of data behind SOMOS is the Lattes platform2, a Web-based
application created by CNPq (the Brazilian National Council for Scientific and
Technological Development) to collect and integrate curriculum vitae informa-
tion from the academic community at large. Scholars and students are required
to have and keep up-to-date their vitae in Lattes as a precondition to applying
for grants and other forms of financing. Thus, Lattes is considered a very reliable
source of curriculum vitae data, as it is maintained by the scholars themselves
with the most accurate and up-to-date information. All information in Lattes is
publicly available, and currently covers practically all active Brazilian scholars.

We here focus on three key indices of academic productivity, namely, number of
student supervisions (including Master and PhD students who have already grad-
uated), number of publications in events (workshops, conferences, symposiums),
and number of publications in journals, book chapters and books. We grouped
journal publications, book chapters and books into a single index, referring to it
as simply journal articles, as books and book chapters are usually in much smaller
number. We also refer to publications in events as simply conference papers. For

2 http://lattes.cnpq.br.

http://lattes.cnpq.br
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each scholar affiliated to each program, we collected the time series of each index
covering the period from 1995 to 2010. To support our analysis of the importance
of each index to whole programs, we also collected the year when the scholar joined
the program as a faculty from her vitae on Lattes.

Recall that our goal is to correlate each productivity index with scholar popu-
larity (estimated by citation count). Finding a good source of citation counts for
such heterogeneous group of scholars is quite a challenge. We experimented with
various online digital library services, including ArnetMiner, Google Scholar, and
Microsoft Academic Search (MS-AS)3, choosing MS-AS, as it has a better cover-
age of the scholars in our dataset. Each scholar name was submitted as a query
to MS-AS to retrieve the popularity time series. In case the query returned mul-
tiple entries, we used the scholar’s affiliation and area of expertise to select the
correct one. We focused on the same aforementioned 16 year-period (1995-2010),
which was chosen based on recent reports that MS-AS performance in index-
ing scholarly documents and tracking their citations was considered to be very
competitive until 20104. Yet, some selected programs (e.g., Mathematics in both
universities) are underrepresented, as shown in the 4th column of Table 1, which
presents the numbers and fractions of scholars who are also listed in MS-AS.
Rather than disregarding such programs, we chose to disregard only individual
scholars whose names were not found in MS-AS. Table 1 also shows the total
citation count for all scholars considered in each program (5th column).

In order to put our results into perspective, we also analyze scholars of two
top departments of a high quality university in international standards. We focus
on the Computer Science and Medicine departments of the Stanford University
(USA), covering two knowledge areas in our dataset of Brazilian scholars. In
the absence of platforms like SOMOS and Lattes for Stanford, we had to use
alternative data sources. We collected the names of affiliated scholars from each
department’s webpage5, and searched for their lists of publications in public
digital libraries, notably DBLP for Computer Science and Scopus for Medicine6.
We focus only on publications for Stanford scholars, as we could not find a
reliable source of data about their student supervisions. As done for the Brazilian
scholars, we collected citation counts from MS-AS, and focused on the same
16-year period (1995-2010). Table 1 also shows, for each Stanford department,
the number of scholars covered in our dataset and their citation counts.

4 Popularity of Individual Scholars

We start our study by analyzing the relative importance of each productivity
index to the popularity of individual scholars. To that end, we take the total

3 http://arnetminer.org/citation, http://scholar.google.com, http://academic.resea-
rch.microsoft.com.

4 http://blogs.nature.com/news/2014/05/the-decline-and-fall-of-microsoft-academic-
search.html.

5 http://www-cs.stanford.edu, http://medicine.stanford.edu.
6 http://dblp.uni-trier.de/ and http://www.scopus.com, respectively.

http://arnetminer.org/citation
http://scholar.google.com
http://academic.research.microsoft.com
http://academic.research.microsoft.com
http://blogs.nature.com/news/2014/05/the-decline-and-fall-of-microsoft-academic-search.html
http://blogs.nature.com/news/2014/05/the-decline-and-fall-of-microsoft-academic-search.html
http://www-cs.stanford.edu
http://medicine.stanford.edu
http://dblp.uni-trier.de/
http://www.scopus.com
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Table 2. Popularity and productivity indices of individual scholars in each program
(averages and coefficients of variation (CV) across scholars).

University Program Popularity Conference Journal Student

average papers articles supervisions

(CV) average (CV) average (CV) average (CV)

UFMG Computer Science 468.9 (1.9) 66.5 (0.9) 23.1 (1.3) 38.2 (1.1)

Electrical Engineering 82.3 (1.5) 64.9 (0.6) 21.7 (1.0) 40.5 (0.9)

Mathematics 26.8 (1.2) 5.4 (1.0) 15.9 (0.6) 20.6 (0.6)

Physics 207.2 (2.4) 48.8 (0.9) 50.5 (0.6) 25.3 (0.7)

Animal Science 70.5 (2.2) 102.9 (0.7) 67.3 (0.6) 47.6 (0.6)

Biochemistry and Immunology 422.9 (1.4) 83.5 (0.7) 64.0 (0.8) 43.7 (0.7)

Bioinformatics 390.8 (1.0) 101.8 (0.6) 52.9 (0.9) 44.7 (0.6)

Cellular Biology 166.1 (0.7) 73.2 (0.8) 48.2 (0.7) 38.2 (0.7)

Ecology 159.0 (2.2) 83.8 (0.7) 57.0 (0.9) 52.9 (0.7)

Neurosciences 176.3 (1.2) 69.3 (1.1) 68.9 (0.9) 33.8 (0.7)

Molecular Medicine 182.2 (1.1) 42.7 (1.1) 107.7 (1.0) 34.4 (0.8)

UNICAMP Computer Science 203.6 (1.5) 49.2 (0.9) 15.3 (0.9) 26.4 (0.8)

Chemical Engineering 61.1 (1.3) 107.7 (1.4) 48.1 (1.4) 45.2 (0.7)

Electrical Engineering 202.3 (2.0) 73.3 (0.7) 27.6 (0.8) 29.9 (1.3)

Mathematics 129.9 (1.3) 23.7 (1.4) 28.0 (0.7) 18.3 (0.9)

Physics 122.9 (3.2) 38.3 (1.2) 50.8 (0.8) 16.1 (0.9)

Medical Sciences 167.2 (2.1) 88.8 (1.1) 75.9 (0.9) 22.2 (1.1)

Stanford Computer Science 4,923.5 (1.1) 42.0 (0.9) 19.5 (0.8) –

Medicine 1,197.6 (1.5) 2.9 (2.0) 42.9 (1.4) –

numbers of conference papers, journal articles and student supervisions, and the
total citation count of each scholar from 1995 to 2010. We then quantify the
correlation of each index with popularity for scholars of each program.

Note some scholars may have joined the programs after 1995, and may even
have published papers or supervised students before joining the program, either
during their studies or as a faculty in another program. Since our focus in
this section is on individual scholars, we choose to take all publications, stu-
dent supervisions and citations of the scholars during the whole 16-year period,
regardless of when the scholar joined the program under analysis. Our assump-
tion is that the scholar’s academic productivity has been on the same knowledge
area throughout the period, even though she might have been affiliated to other
programs. Thus, the scholar’s current affiliation is used as a token of her main
area of expertise, and we group scholars by their current affiliation.

We start our discussion by first briefly analyzing how the four metrics, namely
popularity, number of conference papers, number of journal articles and number
of student supervisions, vary across individual scholars. Table 2 provides average
values along with corresponding coefficients of variation (CV) – ratio of the
standard deviation to the average value – of each metric computed across all
scholars of each program, considering the whole 16-year period.

We make the following observations. Technological programs related to Com-
puter Science (UFMG, Unicamp), Bioinformatics (UFMG), and Electrical Engi-
neering (Unicamp) tend to have the most “popular” scholars of the analyzed
programs in the respective universities. The same holds for Stanford: the Com-
puter Science scholars have an average popularity 4 times higher than those in
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Medicine. One exception is Biochemistry and Immunology (UFMG), a CAPES
level 7 program (highest) whose affiliated scholars also have very high popularity
(on average). Despite these similarities, the average popularity of scholars in the
two Stanford programs are almost 10 times higher than the respective programs
in Brazil. We conjecture that this may be due to a greater focus of Stanford’s
scholars on publishing in higher quality venues. Evidence of this argument can
been seen in some of the publication patterns in the period. If we consider
only Computer Science, the per scholar average number of conference papers
(for UFMG and Unicamp) and journal articles (for UFMG) are higher than for
Stanford’s scholars. The same is true for the Medical related programs in both
Brazilian universities. In other words, the Brazilian scholars publish many more
papers but are much less cited than Stanford’s scholars. These findings are con-
sistent with previous observations [18] that the Brazilian productivity has been
increasing steadily but its impact is not following the same pattern.

Regarding student supervisions, the differences within each university, in
general, are not very large, although there are exceptions. Note the smaller
average number of students per scholar in the Physics and Mathematics courses
(both universities), which might reflect some idiosyncrasies of the area. On the
other hand, the UFMG numbers. when compared to the Unicamp’s for similar
programs, are a bit higher, which might be due to the size of the respective
universities: UFMG has 15 % more students than Unicamp, on average7.

Table 2 also shows great variability (large CVs) across scholars of the same
program in all three universities, particularly in their popularity values. This
reflects a natural heterogeneity of scholars and their particular areas of research.

We now turn to our correlation analysis. Figure 1 illustrates some of our
findings by presenting scatter plots8 of each productivity index (x-axis) versus
popularity (y-axis, logarithm scale) for scholars in Computer Science (Fig. 1(a–
c)) and Neurosciences (Fig. 1(d–f)) at UFMG, and Medical Sciences at Unicamp
(Fig. 1(g–h))9. All three indices seem (visually) correlated with scholar popular-
ity, though with variable strength. For Computer Science and Medical Sciences,
the correlations between popularity and number of publications, particularly in
journals, seem higher than the correlation with number of student supervisions,
although the latter does not seem negligible. The same is not as clear for Neuro-
sciences: the number of student supervisions exhibits no clear relationship with
scholar popularity, possibly due to the small population (14 scholars) and the
great variability across individual scholars (Fig. 1(f)).

We summarize these results by computing the Spearman’s rank correlation
coefficient [12] between each productivity index and scholar popularity, for all
programs. The Spearman coefficient is a nonparametric measure of statistical

7 http://www.ufmg.br/conheca/nu index.shtml, and http://pt.m.wikipedia.org/wiki/
Universidade Estadual de Campinas.

8 Each point represents one scholar.
9 The scatter plot for conference papers for Medical Sciences is omitted due to space

constraints.

http://www.ufmg.br/conheca/nu_index.shtml
http://pt.m.wikipedia.org/wiki/Universidade_Estadual_de_Campinas
http://pt.m.wikipedia.org/wiki/Universidade_Estadual_de_Campinas
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Fig. 1. Productivity indices (x-axis) vs. popularity (y-axis, logarithm scale) for individ-
ual scholars (Computer and Neurosciences at UFMG, Medical Sciences at Unicamp).

dependence between two variables that does not assume linear relationships10.
Table 3 shows the correlations for all analyzed programs11. The strongest corre-
lations for each program are shown in bold12, and statistically significant results
(p-value under 0.1) are indicated by a “*” mark13.

Although the correlations in Table 3 vary greatly across areas, and even across
programs of the same area, there are some common patterns. The number of
journal articles is the index with strongest correlation with popularity in most
programs, including all Unicamp and Stanford programs, and 8 out of 11 pro-
grams in UFMG (being statistically significant in 6). Thus, out of the three
indices, it is the most important one to scholar popularity in most areas.

Interestingly, we find that, for Computer Science in both UFMG and Stan-
ford, conference papers are as important as journal articles to popularity, being
only slightly less important (somewhat weaker correlation) for the program in
Unicamp. This observation reflects the importance of scientific events to pub-
licize recent results in such dynamic area. Yet, for the three Computer Science
programs, the average numbers of conference papers per scholar are around
three times higher than the corresponding average numbers of journal articles
(Table 2). The same holds for scholars in both Electrical Engineering programs:
despite the much larger average number of conference papers per scholar, the
number of journal articles is much more strongly correlated with scholar popular-
ity. This suggests that, although scholars in these two areas do find it necessary
to often publish in scientific events, more consolidated journal publications, even
if in much smaller number, still generate similar (or higher) popularity.

We also note that, unlike observed for other programs of Biological sci-
ences, conference papers do seem to be important for scholars in Bioinformatics

10 The Pearson linear correlation coefficients are slightly smaller but lead to similar
conclusions.

11 Recall that we do not have data on student supervision for Stanford scholars.
12 Differences under 5% are consideredties.
13 We used the t-test available in the SciPy library – http://scipy.org.

http://scipy.org
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Table 3. Spearman’s correlation between each productivity index and scholar popu-
larity for individual scholars (“*” indicates statistical significance with p-value < 0.1).

University Program Conference Journal Student

papers articles supervisions

UFMG Computer Science 0.616* 0.612* 0.437*

Electrical Engineering 0.450* 0.670* 0.481*

Mathematics 0.575* 0.234 0.138

Physics 0.174 0.645* 0.308*

Animal Science 0.312 0.314 0.318

Biochemistry and Immunology 0.124 0.526* 0.403*

Bioinformatics 0.462* 0.241 0.229

Cellular Biology 0.037 0.521* 0.467*

Ecology 0.614* 0.728* 0.496*

Neurosciences -0.370 0.263 0.147

Molecular Medicine -0.234 0.304 0.428

UNICAMP Computer Science 0.500* 0.645* 0.525*

Chemical Engineering 0.417* 0.752* 0.403*

Electrical Engineering 0.197 0.452* 0.076

Mathematics 0.347* 0.717* 0.377*

Physics 0.069 0.462* 0.173

Medical Sciences 0.185* 0.506* 0.401*

Stanford Computer Science 0.396* 0.384* –

Medicine 0.480* 0.672* –

(UFMG), possibly due to the presence of many computer scientists as faculty
members. Other results that are worth mentioning are the negative correla-
tions between conference papers and popularity for Neurosciences and Molecular
Medicine (UFMG), and the strong correlation between conference papers and
popularity for Mathematics at UFMG (unlike Unicamp). Although such results
might reflect some peculiarities of scholars affiliated to these programs, they
might also be due to the small coverage of such programs (e.g., Mathematics)
or small population sizes (e.g., NeuroSciences and Molecular Medicine). Indeed,
we note that the negative correlations are not significant with 90 % confidence.
We leave for future work to further analyze these peculiar results.

Finally, student supervision is also important to scholar popularity in specific
areas, particularly of Biological sciences, such as Cellular Biology and Biochem-
istry and Immunology (UFMG), and Medical Sciences and Chemical Engineering
(Unicamp). It is also important, to a lesser extent, to Computer Science.

5 Aggregated Popularity of Graduate Programs

Having analyzed the relative importance of each productivity index to the pop-
ularity of individual scholars, we now assess their importance to each graduate
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program. To that end, we aggregate the values for each index and for the pop-
ularity of all scholars affiliated to each program in each year, over the 16-year
period. Note that by summing up the citations and publications of all scholars
of a program, publications coauthored by multiple scholars of the program are
counted multiple times. Thus, we estimate the (aggregated) productivity and
popularity of each program in each year by taking the average values of each
metric across all scholars of the program. Given the great variability of all metrics
across different scholars (Table 2) considering such average values may smooth
out individual extremes, reflecting a better picture of each program as a whole.

Yet, as mentioned, scholars may have joined the selected programs after the
beginning of the analyzed period. To be fair to all programs, a scholar should not
be included in the computation of the program’s productivity and popularity in
the years that precede the scholar’s admission to that program. Unfortunately we
are able to do so only for the Brazilian scholars, as the years of their admissions
are extracted from the Lattes platform (see Sect. 3). Since we could not find this
information for Stanford scholars, we make a simplifying assumption that they
were affiliated of the selected programs throughout the 16-year period.

Figure 2 shows the time series of average productivity and average popularity
(in logarithm scale for better visualization) for six example programs: Computer
Science in all three universities, Biochemistry and Immunology (UFMG), Med-
ical Sciences (Unicamp), and Medicine (Stanford). For all six programs, and for
the others analyzed, we observe an increase in the average scholar popularity
over time. This may reflect an increase of visibility, thanks to a larger number of
scientific digital libraries and other mechanisms for publicizing scientific work.
A general increasing trend is also observed for the average number of student
supervisions, possibly reflecting the growth of incentives (e.g., scholarships) from
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Fig. 2. Time series of the average productivity and popularity of example programs.
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the Brazilian research supporting agencies during the period, particularly in the
2000s. Regarding publications, whereas the average number of journal articles
increased over the years for most programs, the trend in the number of conference
papers vary across programs. For some, e.g., Computer Science (UNICAMP and
Stanford) and Bioinformatics (UFMG), the numbers increased over the years,
but for most programs, no clear trend is observed (e.g., Fig. 2(e,f)).

We assess the relative importance of each productivity index to the popularity
of each program over the years by computing the correlations between the values
of each pair of metrics in each year14. Since the impact of publications and
student supervisions on popularity may be observed with some delay in time,
we compute the correlations between the (average) productivity of the program
in year i and its (average) popularity in year i+δ. Despite some variability, we
found that the results are qualitatively very similar for δ equal to 0, 1 and
2, possibly reflecting some degree of maturity of most programs such that their
productivity and popularity remain roughly stable over short time periods (up to
2 years). Thus, due to space constraints, we show results only for δ=2 in Table 4.
Once again, the strongest correlations for each program are shown in bold15,
and statistically significant correlations (p-value < 0.1) are marked with “*”.

In general, the per-program correlations are much stronger than those for
individual scholars (Table 3). By averaging the metrics over all scholars of a pro-
gram, we are less susceptible to the impact that individual differences have on
the programs (especially on the small ones). For example, the negative correla-
tions between conference papers and popularity observed for individual scholars
in Neurosciences and Molecular Medicine (UFMG) appear reasonably strong
(above 0.5 and statistically significant) at the program level. This suggests that
despite the great variability at the individual level, both programs tend to benefit
from a larger number of conference papers of their scholars (on average).

Also, unlike observed for individual scholars, student supervisions is the most
important factor for most programs in both Brazilian institutions. In the few
cases where it is not the most important index, its correlation with popularity
is still quite strong. For example, the correlations for Electrical Engineering,
Physics, Biochemistry and Immunology, and Cellular Biology (UFMG), as well as
for Medical Sciences (Unicamp) are above 0.9. Some of these strong correlations
are also observed at the individual level (see previous section). Others, such
as for Electrical Engineering, Physics and Ecology (UFMG), emerge only at
the program level. As mentioned, this might simply be due to the averaging
procedure. Yet, collaborations among professors within or cross research groups,
supported by sharing (formally or informally) student supervisions, may also
help to increase the importance of this factor in a collective perspective.

Finally, once again journal articles are as important as (and often more
important than) conference papers to most programs. As observed for individual
scholars, conference papers are also very important to the Computer Science pro-
grams, particularly at Unicamp and Stanford, and to Bioinformatics (UFMG).

14 Each point represents one year in this computation.
15 Differences under 5 % are considered ties.
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Table 4. Spearman’s correlation between each productivity index and popularity for
programs over the years (productivity in year i and popularity in year i + 2, “*”
indicates statistical significance with p-value < 0.1).

University Program Conference Journal Student

papers articles supervisions

UFMG Computer Science 0.578* 0.842* 0.824*

Electrical Engineering 0.723* 0.722* 0.920*

Mathematics -0.179 0.662* 0.552*

Physics 0.727* 0.689* 0.886*

Animal Science 0.519* 0.771* 0.812*

Biochemistry and Immunology 0.842* 0.974* 0.978*

Bioinformatics 0.837* 0.667* 0.846*

Cellular Biology 0.679* 0.717* 0.902*

Ecology 0.095 0.361 0.745*

Neuroscience 0.510* 0.757* 0.458*

Molecular Medicine 0.640* 0.835* 0.943*

UNICAMP Computer Science 0.913* 0.829* 0.824*

Chemical Engineering 0.257 0.916* 0.855*

Electrical Engineering 0.317 0.825* 0.581*

Mathematics 0.009 0.759* 0.836*

Physics -0.095 0.705* 0.871*

Medical Sciences 0.530* 0.626* 0.970*

Stanford Computer Science 0.929* 0.896* –

Medicine 0.228 0.930* –

However, for many programs, such as Mathematics (both universities), Ecol-
ogy (UFMG), Physics (UNICAMP), and Medicine (Stanford), the correlations
between conference papers and popularity are not significant. In those cases,
despite the trend of increasing scholar popularity, the average number of confer-
ence papers per scholar remained roughly stable over the years, suggesting that
this type of publication has little impact on the popularity of such programs.

6 Conclusions and Future Work

We have presented a cross-area study on the impact of key academic factors on
scholar popularity, considering a diverse set of top quality graduate programs in
Brazil and internationally, with more than 1,000 scholars and 880,000 citations,
over a 16-year period. Some of our key findings are: (i) scholars in technological
programs (e.g., Computer Science, Electrical Engineering, Bioinformatics) tend
to be the most “popular” ones in their universities (though exceptions exist);
(ii) international popularity in still much higher than that obtained by Brazilian
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scholars; (iii) when taken individually, the most important factor to popular-
ity is the number of journal articles, even in areas such as Computer Science
and Electrical Engineering, for which conferences are important venues for com-
municating research results; (iv) while student supervisions are only moderately
correlated with popularity at the individual level, it is one of the most important
factors to explain the popularity of programs, possibly due to the increasing moti-
vation for collaborations among scholars and students. Our findings are original
and thought-provoking, as cross-area analyses are rarely performed, and provide
insights into how to increase research impact for individual scholars and grad-
uate programs. Future work includes covering new universities and knowledge
areas, tackling self-citations, and designing popularity prediction models.
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Abstract. The evaluation of recommender systems is key to the successful
application of recommender systems in practice. However, recommender-
systems evaluation has received too little attention in the recommender-system
community, in particular in the community of research-paper recommender
systems. In this paper, we examine and discuss the appropriateness of different
evaluation methods, i.e. offline evaluations, online evaluations, and user studies,
in the context of research-paper recommender systems. We implemented dif-
ferent content-based filtering approaches in the research-paper recommender
system of Docear. The approaches differed by the features to utilize (terms or
citations), by user model size, whether stop-words were removed, and several
other factors. The evaluations show that results from offline evaluations some-
times contradict results from online evaluations and user studies. We discuss
potential reasons for the non-predictive power of offline evaluations, and discuss
whether results of offline evaluations might have some inherent value. In the
latter case, results of offline evaluations were worth to be published, even if they
contradict results of user studies and online evaluations. However, although
offline evaluations theoretically might have some inherent value, we conclude
that in practice, offline evaluations are probably not suitable to evaluate recom-
mender systems, particularly in the domain of research paper recommendations.
We further analyze and discuss the appropriateness of several online evaluation
metrics such as click-through rate, link-through rate, and cite-through rate.

Keywords: Recommender systems � Evaluations � Offline evaluation � User
study

1 Introduction

Thorough evaluations are paramount to assess the effectiveness of research-paper
recommender systems, and judge the value of recommendation approaches to be
applied in practice or as baseline in other evaluations. The most common evaluation
methods are user studies, offline evaluations, and online evaluations [1].

User studies typically measure user satisfaction through explicit ratings. Users
receive recommendations generated by different recommendation approaches, rate the
recommendations, and the community considers the approach with the highest average
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rating most effective [1]. Study participants are typically asked to quantify their overall
satisfaction with the recommendations. However, they might also be asked to rate
individual aspects of a recommender system, for instance, how novel or authoritative
the recommendations are [2] or how suitable they are for non-experts [3]. A user study
can also collect qualitative feedback, but this is rarely done in the field of (research
paper) recommender systems. Therefore, we will ignore qualitative studies in this
paper. We distinguish further between “lab” and “real-world” user studies. In lab
studies, participants are aware that they are part of a user study, which, as well several
other factors, might affect their behavior and thereby the evaluation’s results [4, 5]. In
real-world studies, participants are not aware of the study and rate recommendations for
their own benefit, for instance because the recommender system improves recom-
mendations based on the ratings (i.e. relevance feedback), or ratings are required to
generate recommendations (i.e. collaborative filtering).

Online evaluations originated from online advertisement and measure acceptance
rates of recommendations in real-world recommender systems. Acceptance rates are
typically measured by click-through rate (CTR), i.e. the ratio of clicked recommen-
dations to displayed recommendations. For instance, if a recommender system displays
10,000 recommendations and 120 are clicked, CTR is 1.2 %. Other metrics include the
ratio of downloaded or bought items. Acceptance rate is typically interpreted as an
implicit measure for user satisfaction. The assumption is that when a user clicks,
downloads, or buys a recommended item, the user liked the recommendation. Of
course, this assumption is not always reliable because users, for example, might buy a
book but after reading it yet rate it negatively. If the recommender system’s objective is
revenue, metrics such as CTR can be explicit measures of effectiveness, namely when
the operator receives money, e.g. for clicks on recommendations.

Offline evaluations typically measure the accuracy of a recommender system based
on a ground-truth, but also novelty or serendipity of recommendations can be measured
[6]. Offline evaluations were originally meant to identify a number of promising rec-
ommendation approaches [1]. These approaches should then be evaluated in detail with
a user study or online evaluation to identify the most effective approaches. However,
criticism has been raised on the assumption that offline evaluation could predict an
algorithm’s effectiveness in online evaluations or user studies. More precisely, several
researchers have shown that results from offline evaluations do not necessarily correlate
with results from user studies or online evaluations [7, 8]. This means that approaches
that are effective in offline evaluations are not necessarily effective in real-world rec-
ommender systems. As a consequence, McNee et al. criticised that “the research
community’s dependence on offline experiments [has] created a disconnect between
algorithms that score well on accuracy metrics and algorithms that users will find
useful” [9]. Several more researchers voiced criticism of offline evaluations. Jannach
et al. stated that “the results of offline [evaluations] may remain inconclusive or even
misleading” and “real-world evaluations and, to some extent, lab studies represent
probably the best methods to evaluate systems” [10]. Knijnenburg et al. reported that
“the presumed link between algorithm accuracy […] and user experience […] is all but
evident” [11]. Others believe that “on-line evaluation is the only technique able to
measure the true user satisfaction” [12]. The main reason for the criticism in the
literature is that offline evaluations ignore human factors, yet human factors strongly
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affect overall user satisfaction with recommendations. For instance, users may be
dissatisfied with recommender systems, if they must wait for too long to receive
recommendations [13], or the presentation is unappealing [1].

Despite the criticism, offline evaluations are the predominant evaluation method in
the recommender community [14]. This is also true in the field of research-paper
recommender systems, where the majority of recommendation approaches are evalu-
ated offline, and only 34 % of the approaches are evaluated with user studies and only
7 % with online evaluations [15, 16]. However, online evaluations and user studies are
also not without criticism. For instance, results of user studies may vary, depending on
the questions [17]. Zheng et al. showed that CTR and relevance do not always correlate
and concluded that “CTR may not be the optimal metric for online evaluation of
recommender systems” and “CTR should be used with precaution” [18]. In addition,
both user studies and online evaluations require significantly more time than offline
evaluations, and can only be conducted by researchers who have access to a recom-
mender system and real users, or at least some participants (e.g. students) to participate
in a user study.

2 Research Objective and Methodology

In the field of research-paper recommender systems, there is no research or discussion
about how to evaluate recommender systems. In addition, the existing comparisons in
other recommender disciplines focus on offline evaluations and user studies [19, 20], or
offline evaluations and online evaluations [18], but not on all three methods. Our
research goal hence was to explore the adequacy of online evaluations, user studies,
and offline evaluations. To the best of our knowledge, we are first to compare the
results of all three evaluation methods, and to discuss the adequacy of the methods and
metrics in detail. In addition, we are first to discuss the appropriateness of the evalu-
ation methods in the context of research-paper recommender systems, aside from our
previous paper on recommender system evaluation [21]. Compared to our previous
paper, the current paper is more comprehensive, covers three instead of two evaluation
methods, considers more metrics, is based on more data, and provides a deeper
discussion.

To achieve the research objective, we implemented different recommendation
approaches and variations in the recommender system of our literature management
software Docear. We evaluated the effectiveness of the approaches and variations with
an offline evaluation, online evaluation, and user study, and compared the results.

Docear is a free and open-source literature suite, used to organize references and
PDFs [22]. It has approximately 20,000 registered users and uses mind-maps to
manage PDFs and references. Since 2012, Docear has been offering a recommender
system for 1.8 million publically available research papers on the web [23]. Recom-
mendations are displayed as a list of ten research papers, showing the title of the
recommended papers. Clicking a recommendation opens the paper in the user’s web
browser. Figure 1 shows an example mind-map that shows how to manage PDFs and
references in Docear. We created categories reflecting our research interests (“Aca-
demic Search Engines”), subcategories (“Google Scholar”), and sorted PDFs by
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category and subcategory. Docear imported annotations (comments, highlighted text,
and bookmarks) made in the PDFs, and clicking a PDF icon opens the linked PDF file.
Docear also extracts metadata from PDF files (e.g. title and journal name) [24, 25], and
displays metadata when the mouse hovers over a PDF icon. A circle at the end of a
node indicates that the node has child nodes, which are hidden (“folded”). Clicking the
circle would unfold the node, i.e. make its child nodes visible again.

Docear users, who agree to receive recommendations, automatically receive rec-
ommendations every five days upon starting the program. In addition, users can request
recommendations at any time. To create recommendations, the recommender system
randomly chooses one of three recommendation approaches [23, 26]. The first
approach is classic content-based filtering, which utilizes terms from the users’
mind-maps [27–29]. The most frequently occurring terms are extracted from the nodes,
and research papers that contain these terms are recommended. For instance, if the
mind-map in Fig. 1 was used, terms such as Google, Scholar, Academic, and Search
would be used for the user modeling because these terms occur frequently in the
mind-map. Terms are weighted with TF-IDF, stop words are removed, and recom-
mendations are generated based on cosine similarity in the vector space. The second
approach utilizes citations in the same way that the first approach utilizes terms. In the
example mind-map in Fig. 1, the four PDF links and annotations would be interpreted
as citations. The citations would also be weighted with TF-IDF and documents from
the corpus that contain the same citations would be recommended. Both content-based
filtering approaches are automatically assembled by a number of random variables.
Details about this process are provided later in the paper. The third approach

Fig. 1. A screenshot of Docear, showing the management of research articles and references
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implements the stereotype concept, introduced by Rich in 1979 [30]. Based on this
approach, Docear generalizes that all users are researchers, which is not strictly true
since some use Docear only for its mind-mapping functionality. However, the very
nature of stereotyping is to generalize, and the majority of Docear’s users are
researchers. To give recommendations based on the stereotype approach, we manually
compiled a list of research articles that we assumed were relevant for researchers,
namely articles and books about academic writing. If the stereotype approach is ran-
domly chosen, the pre-compiled list of articles is recommended. We mainly chose the
stereotype approach as a baseline and to have an approach that is fundamentally
different from content based filtering. For more details on the architecture of the rec-
ommender system refer to [23].

For the offline evaluation, we considered papers that users cited in their mind-maps
to be the ground-truth. For each Docear user, we created a copy of their mind-maps,
and removed the paper that was most recently added to the mind-map. We then applied
a randomly selected recommendation approach to the modified mind-map. Overall, we
calculated 118,291 recommendation sets. To measure the accuracy of the algorithm, we
analyzed whether the removed paper was within the top10 (P@10) or top3 (P@3) of
the recommendation candidates. We also calculated the Mean Reciprocal Rank (MRR),
i.e. the inverse of the rank at which the removed paper was recommended. In addition,
we calculated nDCG based on the ten most recently added papers and 50 recom-
mendation candidates. Our evaluation method is similar to other offline evaluations in
the field of research-paper recommender systems, where the citations made in research
papers are used as ground-truth.

We intended to conduct two user studies – one lab study and one real-world study.
For the lab study, we wanted to recruit participants through our blog1. In our blog we
asked Docear’s users to start Docear, request recommendations, click each of them, and
read at least the abstract of each recommended paper. Users should then rate the
relevance of the recommendations from 1 to 5 stars, and if they wish, request new
recommendations and continue this process for as long as they like. The study was
intended to run from April to July 2014. We promoted the study in our newsletter
(8,676 recipients), on Facebook (828 followers), con Twitter (551 followers), and on
Docear’s homepage (around 10,000 visitors per month). Despite 248 people reading
the blog post, only a single user participated in the study. He rated three recommen-
dation sets, each with ten recommendations. Ratings of a single user are not suitable to
receive meaningful results. Hence, we consider this user study as a failure, and focus on
results of the real-world study. The real-world study was based on ratings that users
provided during their normal work with Docear. The best possible rating was 5, the
worst possible rating 1. Overall, 379 users rated 903 recommendation sets with 8,010
recommendations. The average rating was 2.82.

For the online evaluation, we analyzed data from Docear’s recommender system,
which displayed 45,208 recommendation sets with 430,893 recommendations to 4,700
users from March 2013 to August 2014. The acceptance rate was measured with the

1 http://www.docear.org/2014/04/10/wanted-participants-for-a-user-study-about-docears-recommender-
system/.
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following metrics: Click-Through Rate (CTR) measured the ratio of clicked recom-
mendations vs. delivered recommendations. Click-Through Rate over sets (CTRSet) is
the mean of the sets’ individual CTRs. For instance, if eight out of ten recommenda-
tions had been clicked in set I, and two out of five recommendations in set II, then CTR

would be 8þ2
10þ5 ¼ 66:67% but CTRSet would be

8=10þ2=5
2 ¼ 60%. We also calculated

CTR over users (CTRUser). CTRUser levels the effect that a few power users might
have. For instance, if users A, B, and C saw 100, 200, and 1,000 recommendations, and
user A clicked seven, user B 16, and user C 300 recommendations, CTR would be
7þ16þ300

100þ200þ1000 ¼ 24:85%, but CTRUser would be 7
100 þ 16

200 þ 300
1000 ¼ 12:36%, i.e. the

impact of user C would be weaker. However, CTRUser was only calculated for two
analyses (the reason is further discussed below). Link-Through Rate (LTR) describes
the ratio of displayed recommendations against those recommendations that actually
had been clicked, downloaded and linked in the user’s mind-map. Annotate-Through
Rate (ATR) describes the ratio of recommendations that were annotated, i.e. a user
opened the linked PDF in a PDF viewer, created at least one annotation (bookmark,
comment, or highlighted text), and imported that annotation in Docear. Cite-Through
Rate (CiTR) describes the ratio of documents for which the user added some biblio-
graphic data in the mind-map, which strongly indicates that the user plans to cite that
document in a future research paper, assignment, or other piece of academic work.

If not otherwise stated, all reported differences are statistically significant (p < 0.05).
Significance was calculated with a two-tailed t-test and v2 test where appropriate.

3 Results

We calculated the Pearson correlation coefficient for the different evaluation metrics.
Both CTR and CTRSet show a strong positive correlation with ratings (r = 0.78).
Correlation of all other metrics, both offline and online, with user ratings is between
0.52 (CiTR) and 0.67 (nDCG). This means that CTR and CTRSet are the most adequate
metrics to approximate ratings. If the goal is to approximate CTR, then ratings,
obviously, is the most adequate metric (r = 0.78), followed by LTR (r = 0.73). The
other metrics have rather low correlation coefficients; the worst are nDCG (r = 0.28)
and MRR (r = 0.30). Among the offline metrics, P@3 and P@10 correlate well with
each other (r = 0.92), which is to expect. MRR and nDCG also show a reasonable
strong correlation with each other (r = 0.71), while correlation of P@10 and MRR
(r = 0.56) and P@10 and nDCG (r = 0.55) is rather weak.

The user study and online evaluation both led to the same ranking of the three
recommendation approaches (Fig. 2): Term-based CBF performed best, i.e. CTR,
CTRSet, DTR, LTR, CiTR, and ratings were highest, citation-based CBF performed
second best, and the stereotype approach performed worst, but still had a reasonable
effectiveness. On average, LTR was around one third of CTR. For instance, LTR for
the stereotype approach was 1.46 % while CTR was 4.11 %. This means that one third
of the recommendations that had been clicked were actually downloaded and linked in
the mind-maps. ATR was around half of LTR for the CBF approaches. This means that
users annotated about half of the recommendations that they downloaded. However, for

158 J. Beel and S. Langer



the stereotype approach, ATR was only 0.18 %, i.e. 18 of LTR. Similarly, CiTR for the
stereotype approach was only 1

75 of LTR, while CiTR for term- and citation-based CBF
was around 1

4 of LTR. Apparently, stereotype recommendations were rarely annotated
or cited, yet users cited every fourth content-based recommendation that they down-
loaded. The offline evaluation led to the same overall ranking than the online evaluation
and user study. However, all four offline metrics attest that term-based CBF has sig-
nificantly better effectiveness than citation based CBF (around four to ten times as
effective), while user study and online evaluation only attest a slightly higher effec-
tiveness. In addition, the effectiveness of the stereotype approach in the offline eval-
uation is close to zero, while user study and online evaluation show a reasonable
effectiveness.

We researched not only the effectiveness of distinct recommendation approaches,
but also variables such as the extent of a user’s model (user model size). The user
model size describes how many terms (or citations) are stored to represent the users’
information needs. Whenever recommendations are requested, Docear randomly
selected a user model size between 1 and 1000 terms. For term-based CBF, the highest
ratings (3.26) were given for recommendations that were based on user models con-
taining 26 to 100 terms (Fig. 2). The offline metrics led to slightly different results and
showed the highest effectiveness for user models containing 101 to 250 terms.

Docear’s mind-maps often contain thousands of nodes. We assumed that analyzing
too many nodes might introduce noise into the user models. Therefore, Docear ran-
domly selected how many of the x most recently modified nodes, should be utilized for
extracting terms. Based on user ratings, analyzing between 50 and 99 nodes is most
effective (Fig. 2). As more nodes were analyzed, the average ratings decreased. CTR,
CTRSet, LTR and CiTR also showed an optimal effectiveness for analyzing 50 to 99
nodes. Based on ATR, the optimal number of nodes is larger, but results were statis-
tically not significant. The offline metrics indicate that analyzing a larger number of
nodes might be sensible, namely 100 to 499 nodes.

Another variable we tested was the node modification type (Fig. 2). The recom-
mender system chose randomly, whether to utilize only nodes that were newly created,
nodes that were moved, nodes that were edited, or nodes with any type of modification
(created, edited, or moved). Utilizing moved nodes only, resulted in the highest ratings
on average (3.31). The online metrics CTR, CTRSet, and LTR as well as the offline
metric MRR also have the highest effectiveness when utilizing moved nodes. Results
for ATR and CiTR differ, but are statistically not significant. Based on P@N, utilizing

Fig. 2. Results of the Evaluations
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all modified nodes is most effective, based on nDCG utilizing newly created nodes is
most effective.

When the recommender system removed stop-words, the average rating was 3.16
compared to 2.88 when no stop-words were removed (Fig. 2). All other metrics, except
ATR, also showed higher effectiveness when stop-words were removed, but, again,
results for ATR were statistically insignificant.

Docear’s recommender system is open to both registered and unregistered/
anonymous users2, and we were interested whether there would be differences in the
two users groups with respect to recommendation effectiveness. CTR and CTRSet show
a clear difference between the two user types (Fig. 2). Registered users had an average
CTR of 5.32 % while unregistered users had an average CTR of 3.86 %. CTRUser is
also higher for registered users (4.00 %) than for anonymous users (3.77 %), but the
difference is not that strong. LTR and ATR also show a (slightly) higher effectiveness
for registered users. The offline evaluation contradicts the findings of the online
evaluation: P@3, P@10, and MRR indicate that recommendations for registered users
were about half as effective as for anonymous users, and nDCG showed no statistically
significant difference between the user groups.

For each user, Docear randomly determined whether to display an organic label
(e.g. “Free Research Papers”, a commercial label (e.g. “Research Papers [Sponsored]”),
or to display no label at all. For each user a fix label was randomly selected once, i.e. a
particular user always saw the same label. The label had no impact on how recom-
mendations were generated. This means, if recommendation effectiveness would differ
for a particular label, then only because users would value different labels differently. In
the user study, there were no significant differences for the three types of labels in terms
of effectiveness: the ratings were around 2.9 on average (Fig. 2). Based on CTR,
CTRSet, and LTR, displaying no label was most effective. In addition, commercial
labels were slightly, but statistical significantly, more effective than organic labels.
Based on CTRUser, commercial recommendations were least effective, organic labels
were most effective, and ‘no label’ was second most effective. ATR and CiTR led to
statistically not significant results, and offline metrics could not be calculated for this
kind of analysis.

Two triggers in Docear lead to displaying recommendations. First, Docear displays
recommendations automatically every five days when Docear starts. Second, users may
explicitly request recommendations at any time. The user ratings for the two triggers
are similar (Fig. 2). Interestingly, the online evaluation shows a significantly higher
effectiveness for requested recommendations than for automatically displayed recom-
mendations. For instance, CTR for requested recommendations is 2.5 times higher than
for automatically displayed recommendations (9.14 % vs. 3.67 %). An offline evalu-
ation was not conducted because it had not been able to calculate any differences based
on trigger.

2 Registered users have a user account assigned to their email address. For users who want to receive
recommendations, but do not want to register, an anonymous user account is automatically created.
These accounts have a unique random ID and are bound to a user’s computer.
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4 Discussion and Conclusions

4.1 Adequacy of Online Evaluation Metrics

We used six metrics in the online evaluation, namely CTR, CTRSet, CTRUser, LTR,
ATR, and CiTR. Overall, CTR and CTRSet seem to be the most adequate metrics for our
scenario. They had the highest correlation with ratings, are easiest to calculate, were
more often statistically significant than the other metrics and are commonly used in other
research fields such as e-commerce and search engines. CTR also provided the most
plausible results for the stereotype recommendations: based on CTR, the stereotype
approach was reasonably effective, while the approach was ineffective based on ATR
and CiTR. The result based on CTR seems more plausible since the recommendations
were about academic writing and most of Docear’s users should be interested in
improving their writing skills. However, there is little reason for someone who is doing
research in a particular research field, to annotate or even cite an article about academic
writing even if the article was useful. Hence, ATR and CiTR were low, and judging
stereotype recommendations based on ATR or CiTR seems inadequate to us.

However, there are other scenarios in which ATR and CiTR might be more sensible
measures than CTR. For instance, imagine two algorithms called “A” and “B”. Both
are content-based filtering approaches but B also boosts papers published in reputable
journals.3 Most people would probably agree that algorithm B would be preferable to
algorithm A. In the online evaluation, users would probably see no difference between
the titles of the recommendations created with the two approaches, assuming that
authors publishing in reputable journals do not formulate titles that are significantly
different from titles in other journals. Consequently, recommendations of the two
algorithms would appear to be similarly relevant and received similar CTR. In this
example, CTR would be an inadequate measure of effectiveness and ATR and CiTR
might be more appropriate.

Measuring CTR, while displaying only the title of recommendations, was criticized
by some reviewers of our previous publications. The reviewers argued that titles alone
would not allow thorough assessment of recommendations and CTR could therefore be
misleading. In some scenarios, such as the example above with the two algorithms, one
being boosted by journal reputation, this criticism could indeed apply. However, in the
scenario of Docear, the results do not indicate that displaying only the title led to any
problems or bias in the results. At least for the content-based recommendations, CTR
correlated well with metrics such as LTR, i.e. metrics indicating that the users thor-
oughly investigated the recommendations.

Compared to CTR, CTRUser smoothed the effect of variables that strongly affected a
few users. For instance, CTRUser was highest for organic labels, lowest for commercial
labels, and mediocre for no labels – a result that one would probably expect. In contrast,
CTR was highest for no label, second highest for commercial recommendations, and
lowest for organic recommendations – a result that one would probably no expect. After
looking at the data in detail, we found that a few users who received many

3 For this example we ignore the question how reputability is measured.
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recommendations (with no label) “spoiled” the results. Hence, if the objective of an
evaluation was to measure overall user satisfaction, CTRuser was probably preferable to
CTR because a few power users will not spoil the results. However, applying CTRuser

requires more users than applying CTR since CTRuser requires that each user receives
recommendation based on the same parameters of the variables and not per recom-
mendation set. For instance, to calculate CTRuser, each user must always see the same
label, user models must always be the same size for a user, or recommendations must
always be based on terms or citations. In contrast, to calculate CTR, users may receive
recommendations based on terms and on citations, or user models could differ in size.
Consequently, to receive statistically significant results, CTRuser requires more users than
CTR. At least for Docear, calculating CTRuser for variables such as user model size,
number of nodes to analyze, features to utilize (terms or citations), and weighting
schemes is not feasible since we would need many more users than Docear currently has.

Considering the strong correlation of CTR and ratings, the more plausible result for
stereotype recommendations, and the rather low number of users being required, we
conclude that CTR is the most appropriate online metric for our scenario. This is not to
mean that in other scenarios other metrics might not be more sensible. Given our results
and examples, we suggest that a careful justification is needed in online evaluations
about which metric was chosen and why.

4.2 Online Evaluations vs. User Studies

Ratings in the user study correlated strongly with CTR (r = 0.78). This indicates that
explicit user satisfaction (ratings) is a good approximation of the acceptance rate of
recommendations (CTR), and vice versa. Only in two cases CTR and ratings con-
tradicted each other, namely for the impact of labels and the trigger. Based on these two
analyses, it seems that ratings and CTR may contradict each other when it comes to
evaluating human factors. For analyses relating to the recommendation algorithms
(user model size, number of nodes to analyze, etc.), CTR and ratings always led to the
same conclusions.

We argue that none of the metrics is generally more authoritative than another.
Ultimately, the authority of user studies and online evaluations depends on the
objective of the evaluator, and operator of the recommender system respectively. If, for
instance, the operator receives a commission per click on a recommendation, CTR was
to prefer over ratings. If the operator is interested in user satisfaction, ratings were to
prefer over CTR. Ideally, both CTR and ratings, should be considered when making a
decision about which algorithm to apply in practice or to choose as baseline, since they
both have some inherent value. Even if the operator’s objective was revenue, and CTR
was high, low user satisfaction would not be in the interest of the operator. Otherwise
users would probably ignore recommendations in the long run, and also stop clicking
them. Similarly, if the objective was user satisfaction, and ratings were high, a low
CTR would not be in the interest of the operator: a low CTR means that many
irrelevant recommendations are given, and if these could be filtered, user satisfaction
would probably further increase. Therefore, ideally, researchers should evaluate their
approaches with both online evaluation and user study. However, if researchers do not
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have the resources to conduct both types of evaluation, or the analysis clearly focuses
on recommendation algorithms with low impact of human factors, we suggest that
conducting either a user study or an online evaluation should still be considered “good
practice”.

4.3 Adequacy and Authority of Offline Evaluations

Our research shows only a mediocre correlation of offline evaluations with user studies
and online evaluations. Sometimes, the offline evaluation could predict the effective-
ness of an algorithm in the user study or online evaluation quite precisely. For instance,
the offline evaluation was capable of predicting whether removing stop-words would
increase the effectiveness. Also the optimal user model size and number of nodes to
analyze were predicted rather accurately (though not perfectly). However, the offline
evaluation remarkably failed to predict the effectiveness of citation-based and stereo-
type recommendations. If one had trusted the offline evaluation, one had never con-
sidered stereotype and citation-based recommendations to be a worthwhile option. The
uncertain predictive power of offline evaluations, questions the often proclaimed pur-
pose of offline evaluations, namely to identify a set of promising recommendation
approaches for further analysis.

We can only speculate about why offline evaluations sometimes can predict
effectiveness in user studies and online evaluations, and sometimes offline evaluations
have no predictive power. One possible reason is the impact of human factors. For
instance, on first glance we expected that Docear’s recommendation approaches create
equally relevant recommendations for both anonymous and registered users. However,
the offline evaluation showed higher effectiveness for anonymous users than for reg-
istered users while we saw the opposite in the online evaluation. Although we find
these results surprising, the influence of human factors might explain the difference: We
would assume that anonymous users are more concerned about privacy than registered
users4. Users concerned about their privacy, might worry that when they click a rec-
ommendation, some unknown, and potentially malicious website, opens. This could be
the reason that anonymous users, who tend to be concerned about their privacy, click
recommendations not as often as registered users, and CTR is lower on average.
Nevertheless, the higher accuracy for anonymous users in the offline evaluation might
still be plausible. If anonymous users tended to use Docear more intensively than
registered users, the mind-maps of the anonymous users would be more comprehensive
and hence more suitable for user modeling and generating recommendations, which
would lead to the higher accuracy in offline evaluations. This means that although
mind-maps of anonymous users might be more suitable for user modeling, the human
factor “privacy concerns” causes the low effectiveness in online evaluations.

If human factors have an impact on recommendation effectiveness, we must
question whether one can determine scenarios in which human factors have no impact.
Only in these scenarios, offline evaluations would be an appropriate tool to

4 If users register, they have to reveal private information such as name and email address. If users are
concerned about revealing this information, they probably tend to use Docear as anonymous user.
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approximate the effectiveness of recommendation approaches in online evaluations or
user studies. We doubt that researchers will ever be able to reliably predict whether
human factors affect the predictive power of offline evaluations. In scenarios like our
analysis of registered vs. anonymous users, it is apparent that human factors may play a
role, and that offline evaluations might be not appropriate. For some of our other
experiments, such as whether to utilize terms or citations, we could see no plausible
influence of human factors, yet offline evaluations could not predict the performance in
the user study and online evaluation. Therefore, and assuming that results of offline
evaluations have no inherent value, we would propose abandoning offline evaluations,
as they cannot reliably fulfil their purpose. However, offline evaluations, online eval-
uations, and user studies typically measure different types of effectiveness. One might
therefore argue that comparing the results of the three methods is like comparing
apples, peaches, and oranges, and that the results of each method have some inherent
value. For online evaluations and user studies, such an inherent value doubtlessly exists
(see previous section), but does it exist for offline evaluations?

An inherent value would exist if those who compiled the ground-truth, better knew
which items were relevant than current users who decide to click, download, or rate an
item. This situation is comparable with a teacher-student situation. Teachers know
which books their students should read, and although students might not like the books,
or had not chosen the books themselves, the books might be the best possible choice to
learn about a certain subject. Such a teacher-student situation might apply to offline
evaluations.

Ground-truths inferred, for instance, from citations, theoretically could be more
authoritative than online evaluations or user studies. For instance, before a researcher
decides to cite a document – which would add the document to the ground-truth – the
document was ideally carefully inspected and its relevance was judged according to
many factors such as the publication venue, the article’s citation count, or the
soundness of its methodology. These characteristics usually cannot be evaluated in an
online evaluation or user study. Thus, one might argue that results based on
personal-collection datasets might be more authoritative than results from online
evaluations and user studies where users just had a few seconds or minutes at best, to
decide whether to download a paper. Assuming that offline evaluations could be more
authoritative than user studies and online evaluations, the following question arises:
How useful are recommendations that might objectively be most relevant to users when
users do not click, read, or buy the recommended item, or when they rate the item
negatively? In contrast to teachers telling their students to read a particular book, a
recommender system cannot force a user to accept a recommendation. We argue that an
algorithm that is not liked by users, or that achieves low CTR, can never be considered
useful. Only if two algorithms performed similarly or if both approaches had at least a
mediocre performance in an online evaluation or user study, an additional offline
evaluation might be used to decide which of the two algorithms is more effective.
However, this means that offline evaluations had to be conducted in addition to user
studies or online evaluations, and not beforehand or as only evaluation method.
Consequently, a change in the current practice of recommender systems evaluation was
required.
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While offline evaluations with ground-truths inferred from e.g. citations look
promising on first glance, there is a fundamental problem: ground-truths are supposed
to contain all items that are relevant for recommendation. To compile such a
ground-truth, comprehensive knowledge of the domain is required. It should be
apparent that most users do not have comprehensive knowledge of their domain (which
is why they need a recommender system). Consequently, ground-truths are incomplete
and contain only a fraction of relevant items, and perhaps even irrelevant items. If the
ground-truth is inferred from citations, the problem becomes even more apparent.
Many conferences and journals have space restrictions that limit the number of cita-
tions in a paper. This means that even if authors were aware of all relevant literature –
which they are not – they would only cite a limited amount of relevant articles.

Citation bias enforces the imperfection of citation-based ground-truths. Authors cite
papers for various reasons and these do not always relate to the paper’s relevance to
that author [31]. Some researchers prefer citing the most recent papers to show they are
“up-to-date” in their field. Other authors tend to cite authoritative papers because they
believe this makes their own paper more authoritative or because it is the popular thing
to do. In other situations, researchers already know what they wish to write but require
a reference to back up their claim. In this case, they tend to cite the first appropriate
paper they find that supports the claim, although there may have been more fitting
papers to cite. Citations may also indicate a “negative” quality assessment. For
instance, in a recent literature review we cited several papers that we considered of little
significance and excluded from an in-depth review [16]. These papers certainly would
not be good recommendations. This means that even if authors were aware of all
relevant literature, they will not always select the most relevant literature to cite.

When incomplete or even biased datasets are used as ground-truth, recommender
systems are evaluated based on how well they can calculate such an imperfect
ground-truth. Recommender systems that recommend papers that are not contained in
the imperfect dataset, but that might be equally relevant, would receive a poor rating.
A recommender system might even recommend papers of higher relevance than those
in the offline dataset, but the evaluation would give the algorithm a poor rating. In other
words, if the incomplete status quo – that is, a document collection compiled by
researchers who are not aware of all literature, who are restricted by space and time
constraints, and who typically do biased citing – is used as ground-truth, a recom-
mender system can never perform better than the imperfect status quo.

We consider the imperfection to be a fundamental problem. To us, it seems that the
imperfection is also the most plausible reason why the offline metrics could not predict
e.g. the effectiveness of citation-based and stereotype recommendations in the online
evaluations and user study. As long as one cannot identify the situations in which the
imperfection will affect the results, we propose that inferred ground-truths should not
be used to evaluate research-paper recommender systems.

4.4 Limitations

We would like to note some limitations of our research. The offline dataset by Docear
may not be considered an optimal dataset due to the large number of novice users.

A Comparison of Offline Evaluations, Online Evaluations, and User Studies 165



A repetition of our analysis on other datasets, with more advanced users, may lead to
more favorable results for offline evaluations. Nevertheless, as pointed out, inferred
ground-truths may never be perfect and probably always suffer from some bias, space
restrictions, etc. We also focused on research-paper recommender systems. Future
research should analyze the extent to which the limitations of offline datasets for
research-paper recommender systems apply to other domains. This is of particular
importance since ground-truths in other domains may fundamentally differ from the
ground truths being used for research-paper recommender systems. For instance, we
could imagine that datasets with real ratings of movies are more appropriate than some
ground-truth that was inferred from e.g. citations. We also believe that the adequacy of
CTR, LTR, ATR, and CiTR need more research and discussion. Although we are quite
certain that CTR is the most adequate online metric for our scenario, other scenarios
might require different metrics.

Please note: We make most of the data that we used for our analysis publicly
available [23]. The data should allow replicating our calculations, and performing new
analyses beyond the results that we presented in this paper.
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Abstract. Recent developments in affective computing have provided more
options in the way online education can be delivered. However, research on how
affective computing can be used in online education is lacking. The research
objectives are twofold: to investigate the influence of affective EAs on students’
motivation, enjoyment, learning efficacy and intention to use, and to uncover
factors influencing their intention to use an online tutorial with affective EAs. To
achieve this, 190 tertiary students participated in a between-subjects experiment
(text-only vs. affective-EAs). Students benefited from the affective EAs in the
tutorial as indicated by the increased learning motivation and enjoyment.
Moreover, relevance, confidence, satisfaction, affective enjoyment, and behav-
ioral enjoyment were found to be significant predictors for intention to use.

Keywords: Affective embodied agent � Enjoyment � Information literacy �
Intention to use � Knowledge retention � Motivation � Online tutorial

1 Introduction

With the proliferation of and increased accessibility to information brought by the
Internet, information literacy (IL) has become a critical skill to be acquired. IL edu-
cation has thus become the shared responsibility of all educators and information
providers [1]. While face-to-face instruction is the most widely adopted method in IL
education, online education has been on the rise for the past few years. Compared to
face-to-face instruction, online education is not constrained by location or time, can be
tailored to fit the learning pace of each student, and is a suitable conduit for lifelong
learning. However, the affective aspects of online education are still a largely unre-
solved area although it is widely known that learning is associated not only with
cognitive ability but also with affect [2]. Thus to be effective, online education cannot
neglect the affective aspects of learning.

Affective aspects can be infused into online learning systems through interface
characters, also referred to as “agents” [3]. An embodied agent (EA) refers to a life-like
agent, i.e., one with a physical face and body [3]. Accordingly, an affective EA is
defined as one that is capable of eliciting certain affective experiences from users
through multiple modalities such as speech, facial expressions and body gestures [4].
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Studies have found that the use of affective EAs in a pedagogical role can not only
increase students’ learning motivation and learning efficacy, but also help them over-
come negative feelings such as boredom or frustration during the learning process [3].

Despite their potential, there is a dearth of research in using affective EAs in online
IL education. Students’ development of IL skills is often impeded by negative affective
feelings such as fear of the library, worry that the needed information cannot be found
[7]. There is much to be learnt in this area, and the present study is a step in this
direction, investigating students’ learning attitudes, enjoyment and knowledge retention
towards an online tutorial with affective EAs. In particular, the online IL tutorial
addresses the affective aspects of IL education, and differs from existing ones which
primarily focus on imparting cognitive knowledge to students.

Equally important, users’ motivation and enjoyment have been found to be strong
predictors of intention to use new technologies [6]. However, their influence in IL
education has not been established [7]. Although previous studies have suggested that
the use of affective EAs could significantly increase students’ learning motivation and
enjoyment [7], a deeper understanding of students’ attitudes towards online IL edu-
cation is required to improve its usage. IL education differs from other educational
domains as it involves higher-order thinking skills, skills activated when individuals
encounter unfamiliar problems, uncertainties, confusions or discrepancies, such as
before they start information seeking [8]. The concern over students’ affective states
should also be reflected in online IL instruction. Therefore, the objectives of the present
paper are two-fold. The first is to evaluate the impact of affective EAs in IL tutorials on
students’ learning motivation, enjoyment, knowledge retention, and intention to use.
The second is to investigate the influence of motivation and enjoyment on students’
intention to use such a tutorial. Additionally, a widely used IL model, the Information
Search Process (ISP) Model, was employed to structure the tutorial [9].

2 Literature Review

Online education has been gaining popularity by libraries to teach IL. For example,
Western Michigan University created an online IL tutorial called ResearchPath. It
incorporated elements of animation, video, audio, and interactivity to provide a range
of stimuli for students. ResearchPath was evaluated against a previous version, and
students expressed a stronger satisfaction and preference for it [10]. Such satisfaction
may lead to more positive perceptions and attitudes towards the library.

The relative lack of consideration of users’ affect is a main limitation of online IL
education [11]. In the new movement to take into consideration of affective states in
online IL education, the ISP Model is one of the seminal works [9]. Although called an
ISP Model, its scope covers most of what is included in IL education models and
standards. Therefore, it is treated as an encompassing IL education model here [12].

The ISP Model highlighted a user’s affective states during the information seeking
process, and regarded information seeking as a constructive process, which involves
not only thoughts and actions, but also feelings. It is divided into six stages: task
initiation, topic selection, prefocus exploration, focus formulation, information col-
lection and search closure. It predicts that in the early stages of searching, negative
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feelings are common, especially when users have little knowledge of what is available
or when the search problem is not clear. However, as the search progresses, and the
awareness increases, the level of satisfaction and confidence increases correspondingly.
At the end, the users will feel a sense of relief or satisfaction when the required
information is found, or disappointment and anxiety when it was not.

Studies have shown that the use of affective EAs can foster students’ engagement in
online learning [7]. It can minimize the communicative gaps in interactions between
human and computers, thus increasing learners’ motivation [3, 7]. With EAs, learners
are more motivated to make sense of what is being presented to them, and more likely
to process the information deeply. Moreover, affective EAs can ease possible negative
affect during learning. For example, [16] designed an affective EA to help users recover
from negative affective states (such as frustration) that resulted from interactions with
computer systems. They found that the use of affective EAs eased such negative
affective states more effectively compared with a text-only condition. The ability to
reduce negative affect is especially important in our present study, as negative affect is
common in the information seeking process [17]. In prior work, [7] studied the use of
affective EAs in IL education, and found that students in the affective-EAs group were
more motivated and derived more enjoyment in acquiring IL knowledge compared to
those in neutral-EAs and no-EAs groups. However, that study did not investigate the
EAs’ impact on students’ intention to use IL tutorials, and the roles that motivation and
enjoyment play. Studying these relationships would be beneficial to facilitate the
integration of affective EAs into IL education.

3 Methodology

3.1 Hypotheses Development

It has been argued that motivation is probably one of the most important components of
learning, and a catalyst to achieving one’s goals [15]. In our study, the ARCS Model
was used as a tool for measuring the motivational support provided by IL tutorial. The
model suggests that learning motivation is dependent of four perceptual components:
attention (learners’ response to perceived instructional stimuli), relevance (the extent
that instructions are associated with prior learning), confidence (learners’ positive
expectation towards their performance) and satisfaction (the extent that learners are
allowed to practice newly acquired knowledge) respectively.

Enjoyment refers to a general positive disposition towards and liking of the media
content [21]. In this study, measuring enjoyment will help understand how the use of
affective EAs in an IL tutorial will impact students’ reactions on learning. It is a
multifaceted concept, encompassing affective enjoyment (the willingness to invest
emotionally in the experience), cognitive enjoyment (the willingness to develop skills
and solve problems) and behavioral enjoyment (the willingness to participate on a
behavioral level) [21]. Further, although it has been pointed out that the instructional
effectiveness of using affective EAs is sometimes due to its novelty rather than to the
real benefit of increased knowledge retention by students, knowledge retention is still
an important construct to measure, because it is the most direct and immediate result
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from the intervention [3]. Lastly, intention to use refers to the degree to which the
participants have formulated plans to perform or not perform a specified behavior in the
future [6]. Here, it refers to students’ intention to use the IL tutorial. Based on the
discussion above, we propose the following hypotheses:

H1: The use of affective EAs in an IL tutorial will provide more (a) attention,
(b) relevance, (c) confidence, (d) satisfaction to students in IL learning than without.

H2: The use of affective EAs in an IL tutorial will provide more (a) affective enjoy-
ment, (b) cognitive enjoyment, (c) behavioral enjoyment to students than without.

H3: The use of affective EAs in an IL tutorial will improve knowledge retention to
students in IL learning than without.

H4: The use of affective EAs in an IL tutorial will increase students’ intention to use
the tutorial than without.

With regards to the second research objective, intention to use has frequently been
used as an equivalent for the actual performance of the behavior, as the two have an
immediate causal relationship [6]. Studies have shown that if students can be motivated
in the early stages of learning, they are more likely to engage in sustained learning
behaviors [15]. Moreover, enjoyment has been found to be a determinant of behavioral
intention to use information systems [6]. Therefore, we expect that students’ usage
intention is positively associated with motivation and enjoyment derived from the IL
tutorial with affective EAs. Thus two more hypotheses are proposed:

H5: (a) Attention, (b) relevance, (c) confidence, (d) satisfaction, is positively associ-
ated with intention to use the affective IL tutorial.

H6: (a) Affective enjoyment, (b) cognitive enjoyment, (c) behavioral enjoyment, is
positively associated with intention to use the affective IL tutorial.

3.2 Design of the Information Literacy Tutorial

A 15 min online IL tutorial was created, featuring a novice female student learning how
to search for academic information and a teaching helping her: Amy (see Fig. 1) and
Ms. Tan (see Fig. 2), respectively. They maintained a visual presence throughout the
tutorial, and conversations and instructions were presented in speech bubbles (see
Fig. 3). This mirrors the approach taken by [18].

Fig. 1. Student EA (Amy)
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The structure of the tutorial was adopted from the ISP Model, and its storyline
mirrored its stages closely. At the start, Amy is presented with a list of topics from
which she could choose to write a literature review. She selects the topic of storytelling,
and is immediately aware of the lack of knowledge, and of the need for information.
This awareness is frequently accompanied by feelings of uncertainty and apprehension
[9]. Ms. Tan guided Amy from the start, assuring her that she is not alone in feeling
uncertain. Amy starts to look for information, and this stage is typically marked by
feelings of confusion, uncertainty, and doubt. Ms. Tan shows empathic emotions and
employed empathic words, such as “This is normal” to encourage Amy. Additionally,
Ms. Tan introduces Amy to the skills required to retrieve more relevant information,
such as the use of Boolean operators, and the techniques of backward and forward
chaining. For Amy, the next stage involves the gathering of more information, which is
accompanied by an increased level of confidence. As the assignment nears completion,
Amy feels relieved and a sense of satisfaction. Finally, as Amy prepares to begin
writing, her search process concludes [9].

As part of our study, a text-only version of the tutorial was also created (see Fig. 4).
In this version, the two EAs were absent, with only textual instructions presented in
rectangular dialog boxes. The content remained exactly the same.

3.3 Experimental Design and Research Sampling

A between-subjects design was used to address the first research objective and the
participants were divided into the affective-EAs condition and text-only condition.

Fig. 2. Teacher EA (Ms. Tan)

Fig. 3. Affective-EAs Tutorial Fig. 4. Text-only Tutorial
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A matched-subjects design was employed, where individuals in one condition were
roughly matched on their gender and educational background with those in the other
condition. This approach is consistent with other studies such as [19, 20].

Recruitment was conducted in two major local universities. Participation was
voluntary and anonymous, and no one withdrew during the study. The study was
conducted with multiple batches of participants in a controlled laboratory setting. First,
participants were briefed on the purpose of the study. After signing the online consent
form, they were directed to the study’s main website. From this site, they were then
assigned to one of the two tutorials based on their gender and educational background.
Upon completion of the tutorial, participants were asked to complete an online survey
questionnaire. The whole study lasted approximately 25 min, and each participant was
given $5 as a token of appreciation. In total, 190 students (both undergraduate and
graduate) participated in the study.

3.4 Posttest Instrument

The questionnaire survey comprised six sections. The first collected demographic
information such as age, gender, computer experience, and perceived computer
knowledge. Next, participants were asked for their subjective opinions of the tutorial,
and for suggestions on improvement. The other four sections are explicated below.

• Motivation. The ARCS Model was adapted to suit this study’s purpose [15]. It
consisted of 36 five-point Likert-scale items, in which 12 measure attention, nine
measure relevance, nine measure confidence and six measure satisfaction.

• Enjoyment. Enjoyment was assessed with 12 five-point Likert-scale items from a
survey questionnaire by [5] as it has been validated across various studies.

• Knowledge retention. Knowledge retention was evaluated via 13 questions, all of
which were developed by the authors. It includes five multiple-answers questions,
six true-or-false questions, and two fill in the blank questions. Example questions
include: “Which of the following are the typical information sources for academic
information?” and “Citations are important in academic writing because …” The
questions were developed after testing and refinement with potential participants.

• Intention to use. Three five-point Likert-scale items were used to measure intention
to use, all of which were adopted from an existing survey instrument from [6].

4 Results

4.1 Sample Description

The sample consisted of 68 (35.79 %) males and 122 (64.21 %) females. There were 33
males and 62 females in the affective-EAs condition, and 35 male and 60 females in the
text-only condition. The sample age ranged between 18 and 30, with an average of
21.21 years. With regards to their educational background, more than half (57.37 %)
were from arts, humanities and social science, around a quarter (25.26 %) were from
engineering, and the rest 18.42 % were from natural science.
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4.2 Factor and Reliability Analyses

Prior to analyzing the data, principle component analyses were carried out to ensure
that items under each construct were more related to its own construct. Only items that
were highly loaded (0.5 and above) were retained in the following analyses.

• Motivation. Four factors emerged from the factor analysis, with Cronbach’s alpha
values of 0.805 (M = 3.39, SD = 0.82) for attention, 0.842 (M = 3.20, SD = 0.73) for
relevance, 0.872 (M = 3.22, SD = 0.90) for confidence and 0.856 (M = 3.53,
SD = 0.76) for satisfaction.

• Enjoyment. The factor analysis yielded three factors, with Cronbach’s alpha value
of 0.887 (M = 2.62, SD = 0.68) for affective, 0.903 (M = 3.68, SD = 0.85) for
cognitive and 0.837 (M = 2.79, SD = 0.30) for behavioral enjoyment.

• Intention to Use. The factor analysis yielded a single category with Cronbach’s
alpha value of 0. 83 (M = 3.30, SD = 0.94) for intention to use.

4.3 Comparison of Tutorials

The results from the independent samples t-test are summarized in Table 1. There were
significant differences between the affective-EAs and text-only conditions with respect
to attention, t (188) = 2.80, p < 0.01; relevance t (188) = 2.01, p = 0.04; satisfaction,
t (188) = 3.35, p = 0.01; affective enjoyment, t (188) = 3.27, p = 0.01; and intention to
use t (188) = 2.97, p < 0.01. On the other hand, there were no statistically significant
differences between confidence, cognitive enjoyment, behavioral enjoyment, and
knowledge retention.

Table 1. Summary of independent t-test results (affective-EAs vs. text-only condition)

Variables Affective-EAs
(n = 95)

Text–only
(n = 95)

Mean SD Mean SD

Motivation
H1a Attention** 3.52 0.38 3.36 0.43
H1b Relevance* 3.62 0.50 3.48 0.45
H1c Confidence 3.23 0.44 3.24 0.56
H1d Satisfaction** 3.40 0.45 3.16 0.52
Enjoyment
H2a Affective** 2.87 0.85 2.48 0.79
H2b Cognitive 3.82 0.65 3.59 0.85
H2c Behavioral 2.89 0.68 2.69 0.76
H3 Knowledge Retention 1.09 0.32 1.10 0.29
H4 Intention to Use** 3.24 0.74 2.88 0.61

Notes: *Statistically significant differences at p < 0.05; **Statistically significant differences at
p < 0.01

Connecting Emotionally: Effectiveness and Acceptance of an Affective IL Tutorial 175



4.4 Investigation of User Acceptance

A multiple linear regression analysis was performed, where the subconstructs of
motivation and enjoyment were entered as the independent variables, and intention to
use as the dependent variable. The results are summarized in Table 2.

The results revealed that 65 % of the variance was accounted for in the model.
Among the motivation measures, hypotheses 5a, 5b, and 5d were supported. Only
attention was not significantly associated with intention to use, while the rest were
significant: relevance (β = 0.17, p < 0.01), confidence (β = 0.14, p < 0.05) and
satisfaction (β = 0.18, p < 0.01). With regards to the measures on enjoyment,
hypotheses 6a and 6c were supported. Affective enjoyment (β = 0.20, p < 0.05) and
behavioral enjoyment (β = 0.16, p < 0.05) were significant, while cognitive enjoyment
was not significantly positively associated with usage intention of the affective IL
tutorial.

5 Discussion

5.1 Comparison of Tutorials

Motivation. Unsurprisingly, results showed that participants who used the affective
EAs paid more attention to the tutorial than those who did not, consistent with [14] and
[22]. The behaviors of the EAs in the tutorial contributed to the increased attention
level, and prompted participants to engage in learning. For example, one participant
from the affective-EAs condition remarked “It is visually appealing as it has a variety
of graphics”. Interestingly, participants from both conditions rated high on relevance
items, although the affective EAs condition seemed to have a slight, albeit statistically
nonsignificant edge. Comments about the high relevance of the educational content in
the two tutorials include “It can be applicable to my academics”.

Table 2. Summary of hypotheses test in affective-EAs condition (n = 95)

Hypotheses Standardized β t-values R2 Results

Motivation
H5a Attention .03 .45 ×

H5b Relevance .17 2.5** √

H5c Confidence .14 2.6* √

H5d Satisfaction .18 3.4** √

Enjoyment
H6a Affective Enjoyment .20 3.8* √

H6b Cognitive Enjoyment .02 .31 ×

H6c Behavioral Enjoyment .16 2.5* √

.65**

Note: * Statistically significant differences at p < .05; ** Statistically
significant differences at p < .01
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As in relevance, participants reported a low level of confidence across both
experimental conditions. This result seems to differ from past work where the use of
affective EAs was found to increase the confidence and perceived learning efficacy
[20]. This might be because the overwhelming amount of educational content in the
tutorial undermined the students’ confidence, as many lamented that “There is too
much content in the tutorial”. Additionally, participants in the affective EAs condition
were more satisfied with the tutorial than those from the text-only condition. This is
also confirmed by comments such as “It is very informative and insightful at the same
time in an engaging way I learnt something about what would have been really dry”.

Enjoyment. Participants who interacted with the affective EAs derived more affective
enjoyment from the tutorial than those who did not. This concurs with related research
(e.g., [18] ), demonstrating that affective EAs have a positive impact on affective
enjoyment. The positive reinforcement of behaviors by EAs can also increase the level
of user enjoyment in the tutorial. In this study, participants connected with the EAs in
the tutorial, and this experience resulted in an increase in enjoyment level, which was
confirmed by comments such as “The avatar makes the presentation alive and more
realistic”, and “It is fun to see avatars in an academic presentation”.

In contrast, participants experienced high levels of cognitive enjoyment when going
through the tutorials. This might be because the tutorial content was perceived to be
highly relevant and educational to participants. For example, one participant remarked
that “It was very different from a plain PowerPoint slide, which was nice to see”.
Likewise, participants had similar levels of behavioral enjoyment. Given that this
tutorial was deliberately simple by design, users only had to click to it. The behavioral
enjoyment aspect will thus need to be further enhanced in the IL tutorial.

Knowledge Retention. There were no statistically significant differences between the
two conditions. In fact, students from both conditions scored equally unsatisfactorily,
suggesting that the increase in learning performance transcends affective EA mecha-
nisms. A likely reason is that the novelty of incorporating EAs in IL instruction caused
students to engage in superfluous cognitive activities. Students were more involved
with how the tutorial was presented than what was presented in the tutorial [14].
Although many participants in the affective-EAs condition remarked that using affec-
tive EAs in IL tutorials was “cute and attractive”, and “unusual and refreshing”, their
knowledge retention was no better than those from the text-only condition.

Another possible reason was that there was a lack of audio cues. It has been found
that in order to understand the materials, learners had to hold auditory information in
addition to the textual information on the screen [25]. When asked about how to
improve the tutorial, some participants wrote that “It would be nice to have sound
effects”. Notwithstanding the low level of knowledge retention, some participants wrote
that they did benefit from the tutorial. For example, one participant mentioned: “The
tutorial answered some questions I have about finding references”.

Intention to Use. Participants in the affective EAs condition were more likely to use
the IL tutorial with affective EAs than those from text-only condition. Since intention to
use has been found to be the single best predictor of actual system usage [6], the
findings indicate that affective EAs can foster actual usage of the IL tutorial.
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Participants in the affective-EAs condition were more motivated and derived more
enjoyment, thus it is natural that they were more likely to use an IL tutorial. This
finding is supported by participants’ comments in affective-EAs condition such as
“Learning such a tutorial would be useful to us”, contrasted with some negative
feedback such as “It could have been more engaging and interactive, rather than just
lengthy words” from text-only condition.

5.2 Investigation of User Acceptance

The Influence of Motivation. In terms of the influence of motivation on intention to
use, three out of four subconstructs were found to be significant predictors of usage
intention. The findings showed that relevance had a positive effect on intention to use
an IL tutorial with affective EAs. Students were surprised that “IL can be so relevant to
our studies”, and the knowledge “will be useful for future”. The result is consistent with
previous studies [6]. In this study, the results could be explained by the deliberate
tutorial design decisions. Compared to other IL tutorials focusing on teaching
library-specific knowledge (e.g. location of collections, types of services), a general
model was used in our tutorial as an overarching structure, and general information
seeking strategies were taught. This enabled students to relate their own information
seeking process to this tutorial, despite their diverse educational backgrounds.

Further, confidence was identified as a significant predictor of intention to use. The
use of affective EAs positively impacted the perception of the difficulty level of the
learning content, thus students felt more confident about the learning process [13]. Prior
research has also found that confidence can impact perceived self-efficacy, and thus
increases intention to use [6]. This point was reflected in the IL tutorial, where Ms. Tan
provided encouragement to Amy, and emphasized that she could succeed if effort was
put in. Another important finding is that satisfaction significantly predicted intention to
use the affective EA tutorial, consistent with prior studies [23]. In this case, user
satisfaction may come from the innovative use of affective EAs in teaching IL, as one
participant commented that, “There were encouraging comments after each slide to
reinforce a positive attitude in the student”.

Surprisingly, attention was found to have a non-significant influence on intention to
use an IL tutorial with affective EAs. Although the tutorial with affective-EAs attracted
more attention, participants did not view this as a signal in intention to use. We
speculate that this demonstrates the pragmatism of students as and they rated relevance
over attractiveness in terms of online learning systems. For instance, one participant
stressed the importance of relevance in the tutorial “The materials have to be very
relevant, or no matter or interesting the tutorial is, it is not useful”.

The Influence of Enjoyment. In terms of the impact of enjoyment on intention to use,
affective and behavioral enjoyment were found to be significant predictors of students’
intention to use the IL tutorial with affective EAs. This finding extends previous work
which found that enjoyment was a significant predictor of intention to use educational
systems [24], and provided a more nuanced perspective by closely examining the
impact of the three different dimensions of enjoyment use.
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The significant influence of affective enjoyment on intention to use confirms the
importance of affect in online education [11]. Moreover, this finding affirms the
importance of creating an affective learning environment where emotional support and
help are provided to alleviate frustration and anxiety in the learning process [7, 15]. In
the context of this study, such an environment was supported through the simulated
conversation between the student and teacher, as well as the encouraging words from
the teacher to reassure the student.

Moreover, behavioral enjoyment was found to be a significant predictor. It is
reasonable to believe that the behaviors of the EAs in the tutorial prompted participants
to engage in learning. Additionally, although the main action needed for going through
the IL tutorial is to read and click on to get to the next page, the positive results
indicates that simple interaction styles may be all that is necessary when creating
effective online tutorials [16]. However, cognitive enjoyment was not significant in
predicting usage intention. The reason might be similar to that of confidence. Students
felt overloaded by the amount of IL knowledge provided in the tutorial. Thus an
important lesson learnt in this study is that content should be appraised for quantity.

6 Conclusion

Informed by the recent developments in affective EAs, this study incorporated them
into an IL tutorial to increase students’ learning motivation and enjoyment, as well as to
ease potential negative feelings during the information seeking process. The ISP Model
was utilized as a theoretical framework in the IL tutorial.

From a research perspective, this study affirms the effectiveness of using affective
EAs to increase students’ motivation and enjoyment in online education. These
empirical findings are important as they show how librarians can rethink library
instruction programs to cater to the needs of students. Relatedly, this study highlights
the role of affect in the context of online education, which has been neglected in
previous educational systems. This study shows that when affect is incorporated, stu-
dents perceive such systems to be more motivational and enjoyable. Therefore, it
indicates that students indeed pay attention to the affective aspects in online learning.

In addition, the findings have implications for practitioners such as curriculum
designers and library professionals. First, this study addresses the criticism of the lack
of affect in online education by using affective EAs, thus aligning IL instruction with
students’ expectations. The learning environment created by affective EAs was found
to be motivational and enjoyable, since it was an environment that students were
accustomed to and could readily engage in. Second, the tutorial was constructed from
rudimentary elements of a graphical user interface, such as dialog boxes, buttons, and
text. It is possible to create affective EAs without employing complicated technologies
but still be effective, illustrated by the improvement in user motivation and enjoyment.
This has valuable implications to libraries or other interested institutions without
resources for sophisticated software development.

Although the study has yielded valuable insights, there are several limitations that
may reduce generalizability of the results. First, the topic in the IL tutorial was confined
to storytelling, thus students from other educational backgrounds may not have been
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able to relate well to the content. Some participants may prefer topics from their own
disciplines. Hence, future studies could incorporate other topics and domains, either
general or library specific, to accommodate students with diverse backgrounds and
interests. Further, the amount of content in the tutorials was probably heavy for stu-
dents, as indicated by students’ laments on the undermined confidence in the subjective
feedback. Future work should balance the amount of knowledge in the tutorial and
avoid overloading students. In spite of these limitations, this paper affirms the
importance of affect in online education, and points to the promise of using affective
EAs in increasing students’ learning motivation and enjoyment in online education.
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Abstract. The Functional Requirements for Bibliographic Records
(FRBR), an emerging model in the bibliographic domain, provide inter-
esting possibilities in terms of cataloguing, representation and semantic
enrichment of bibliographic data. However, the automated transforma-
tion of existing catalogs to fit this model is a requirement towards a
wide adoption of FRBR in libraries. The cultural heritage community
proposed a notable amount of FRBRization tools and projects, thus mak-
ing it difficult for practitioners to compare and evaluate them. In this
paper, we propose a synthetic and relevant classification of the FRBRiza-
tion techniques according to specific criteria of comparison such as model
expressiveness or specific enhancements.

1 Introduction

A large majority of current IT systems used by librarians to manage their bibli-
ographic records are based on old standards like the well-known MAchine Read-
able Cataloguing (MARC) format, designed in 1965 and used around the world
in different versions like MARC21 or UNIMARC. Although these formats are ref-
erences in libraries, they suffer from many fields with ambiguous semantic (e.g.
7xx fields in MARC21) and from a lack of mechanisms to represent complex
relationships between records, i.e., bibliographic families composed by different
executions and many related works. Furthermore, librarians nowadays have to
deal with a large amount of storage formats (e.g., ebook, streams) and new
data sources. This may result in bad cataloguing practices, numerous typing
errors and finally increasing cataloguing costs [12]. However, best practices from
Semantic Web encourage the reuse of data which implies, in the context of cul-
tural heritage data, to improve interoperability of bibliographic catalogs [3].

In response to the discussions around major librarian’s topics such as reduc-
ing cataloguing costs and enhancing the representation of bibliographic families,
the IFLA Study Group published, in 1998, new recommendations for catalogu-
ing and a set of concepts to represent bibliographic data in the context of the
Functional Requirements for Bibliographic Records (FRBR) [20]. FRBR offers a
flexible framework to represent any cultural content in library [18], new benefits
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for improving searching and visualization [13] and new possibilities for semantic
enrichment of cultural entities [8]. The adoption of FRBR in cultural institutions
requires different issues to be solved like the transformation of legacy data into
the new entity-relationship model, a process mainly called FRBRization [1,31].
The last decade has seen the emergence of a significant amount of FRBRization
tools and projects, thus making it difficult for practitioners to gather relevant
information [34].

This paper presents a survey of FRBRization techniques, both research
projects and full commercial tools. To the best of our knowledge, our work is
the first classification of these techniques according to criteria such as the type
of transformation, the model expressiveness and its enhancements (see Sect. 4).
This classification is useful for practitioners who need the keys to quickly under-
stand and identify suitable techniques w.r.t. their requirements. The rest of the
paper is organized as follows: Sect. 2 introduces preliminaries about FRBR and
FRBRization, then we present the related work in Sect. 3. Our classification is
detailed in Sect. 4. Section 5 concludes the article.

2 Preliminaries About FRBR and FRBRization

FRBR provides a set of concepts organized in an entity-relationship structure
to represent bibliographic families and subject authority data of any cultural
material with no ambiguity [10]. The main contribution of FRBR is that it
deeply redefines the notion of what an intellectual work is and its representation
[5]. Entities are divided into three groups: the first group focuses on the record’s
representation, the second one is about related persons or corporate body and
the third group represents what a work is about. Contrary to legacy models,
several levels of metadata can be used to describe each bibliographic record [23].

As illustrated in Fig. 1, the first group is composed of entities Work (the
most abstract object which represents an intellectual or artistic idea), Expres-
sion (the realization of a Work in various intellectual forms, such as a transla-
tion), Manifestation (the physical representation of an Expression in terms of
material attributes) and Item (a single example of a Manifestation, for example
a single book on a library’s shelf). The components of the second group represent
humans, groups or organizations and have been later gathered under the Agent
name. In Fig. 1, each entity from the first group has a link with an Agent. The
third and last group of the FRBR model concerns the subject relation of a work.
It allows the model to answer the question of what a Work is about and to align
several Works according to specific criteria (e.g., same topic, review of).

The Functional Requirements for Authority Data (FRAD) [24] and the Func-
tional Requirements for Subject Authority Data (FRSAD) [32] have later been
added to FRBR to cover authority data and complex relationships between enti-
ties respectively. For instance, Fig. 1 depicts examples of these improvements like
the new entity Family from FRAD or the new concepts of Thema and Nomen
from FRSAD. These three functional requirements, FRBR, FRAD and FRSAD
are called the FRBR Family and must be seen as a single architecture for the
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Fig. 1. Conceptual representation of the FRBR Family Model

new cataloguing concepts. Because the FRBR model have been created regard-
less of technological constraints a large amount of provided concepts covers a too
large scope for being used in practical implementations. In other words, FRBR
must not be used directly as a final object model. Thus, there is a branch of the
FRBR researches which is focused on modelling practical ontologies based on
FRBR but adapted to the user needs [11,27].

The adoption of a FRBR-based model in existing systems is known as the
FRBRization process. Such a transformation relates to the well known challenges
of data integration and data conversion [2]. This study focuses on a specific part
of the process which aims at identifying, creating and connecting FRBR entities
from existing records. In this context, FRBRization is widely regarded as a
complete metadata migration framework rather than a simple algorithm [15].
The initial phases of a FRBRization process have been formalized as follows:
pre-processing to harvest and normalize the input catalog, extraction to generate
the FRBR entities and relationships and post-processing with deduplication and
adaptation of data for visualization [1]. The next section presents the different
attempts of surveys and classifications for FRBRization techniques.

3 Related Work

One of the earliest survey about FRBRization was conducted at the Online
Computer Library Center (OCLC) [13]. Although focused on the benefits of
FRBR cataloguing, it also reviews the major solutions which implemented this
model. However, the projects are simply listed along with their properties and
available technical details to mainly illustrate the contrast between a growing
interest in FRBRization and the lack of successful tools.

Another notable work is the observation of the whole landscape of FRBR
implementations in libraries by Zhang & Salaba [33]. The existing implementa-
tions have been classified according to the following categories: the full-scale sys-
tems (i.e., that are mainly FRBRized systems), the prototypes or experimental



188 J. Decourselle et al.

systems and the algorithms and software that are essentially tools to FRBRize
catalogs. The scope of the study is large since all kinds of FRBR-related projects
are covered. Although exhaustive (at that time), such a broad classification is
not sufficient to understand technical features between two different FRBRiza-
tion approaches.

Researchers from the TelPlus1 project have also worked on a survey to intro-
duce and list FRBR experiments [30]. They have presented, with a rich descrip-
tion, all the relevant projects related to FRBR ordered in high level sections. The
conversion tools are introduced under a Research section and presented as a list.
More recently, Aalberg et al. presented a list of FRBRization projects [2]. For
each project, they studied the possible issues raised during the transformation of
records, and more specifically in terms of common structures. The authors were
able to propose solutions for interpreting these structures and to FRBRize them
correctly. However, the list of projects is not exhaustive since it mainly aims at
illustrating structural problems.

To summarize, existing surveys presented the state of the art of FRBRization
techniques, but mainly as an unsorted list. In addition, the techniques can be
described with a specific goal in mind (e.g., illustrating problems of conversion).
The properties and features of each technique are provided textually, which
does not facilitate a quick comparison. In the next section, we propose the first
classification dedicated to FRBRization techniques.

4 A Novel Classification of FRBRization Techniques

This survey aims at exploring the various issues faced by existing FRBRization
techniques, bringing a more precise view of this migration process and facilitat-
ing the comparison of existing solutions through a multi-criteria classification.
Because many projects gravitate around FRBR, we do not consider the Inte-
grated Library Systems (ILS) which do not include a transformation tool. This
choice is justified with regards to current and future challenges on FRBRization
such as scalability and semantic enrichment. Besides, our classification focuses on
semi-automated techniques, i.e., any FRBRization solution in which most of the
algorithm proceeds without human intervention. This excludes manual projects
which have not detailed any automated process to transform their catalog, for
instance the Austlit project [4] or Data.BNF [19].

Our classification makes use of three criteria of comparison:

– Type of FRBRization which relates to the methods for identifying FRBR
entities from the legacy model. Two strategies are found in the literature. The
former consists of grouping physical form of records by comparing descriptive
keys (e.g., a concatenation of author names and title) to deduce more abstract
levels (see Sect. 4.1). The latter aims at interpreting the original fields of the
records (e.g., with mapping rules) to build the FRBR entities and relationships
(see Sect. 4.2).

1 http://www.theeuropeanlibrary.org/confluence/display/wiki/TELplus+project.

http://www.theeuropeanlibrary.org/confluence/display/wiki/TELplus+project
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– Model Expressiveness that deals with the models designed to receive
FRBRized data. Three variations are presented: a limited model means that
the main entities from the first group of FRBR are not completely imple-
mented, a standard model indicates that the FRBRization technique takes
into account the entities and relations from the three groups of the basic
FRBR model and an enhanced model corresponds to specific implementations
where significant changes have been made to the initial FRBR model.

– Specific Enhancements used to improve the quality or the performance of
the FRBRization process. It may include additional steps, improvements of
algorithms or interoperability enhancements (see Sect. 4.3).

Figure 2 depicts the FRBRization techniques classified according to our crite-
ria. For instance, the FRBRization project TelPlus is classified under rule-based
interpretation of fields, standard model and it includes clustered deduplication
and evaluation metrics as specific enhancements. The rest of this section pro-
vides details for each technique according to these criteria.

Fig. 2. Classification of the FRBRization Techniques, with the Type of FRBRization
in light-grey circled boxes, the Model Expressiveness in dark-grey circled boxes, the
Solutions in white squared boxes and the Specific Enhancements in light-grey squared
boxes

4.1 Grouping Records at a More Abstract Level

When FRBRizing, it appears that a large part of the MARC records corresponds
to the FRBR Manifestation entity. In such a case, the most complex task is to
produce Work and Expression entities from the MARC records. Thus, the initial
intuition is to group the derived Manifestations into relevant clusters which
represent a more abstract level. A common solution deals with the detection
of the Work entities based on generated description keys from Manifestation
attributes, and to deduce the primal Expression that links the Works to the
Manifestations.

Among the first projects about FRBRization, the studies from OCLC
describe how to automatically group records at a more abstract level [5]. The
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well-known Work-Set algorithm, applied in FictionFinder and WorldCat’s
catalog [16], was designed to produce “sets of Works” for MARC records based
on the generation and the comparison of normalized keys [17]. This process is
based on three main steps to build these keys: constructing an author portion,
constructing a title portion and grouping these portions according to four spe-
cific patterns. Each portion is built according to mappings with MARC fields
and matching with authority files. These studies reveal two major issues from
this technique: the precision about the semantic level of the deduced Works (e.g.,
a too large clustering may lead to groups at more higher level than the original
FRBR Work) and the difficulty to identify the variations of a same Work at
Expression level.

Another experience in the grouping records category is PRIMO from Ex
Libris [25]. This commercial discovery tool provides FRBRization features by
proposing transformation options like automatic grouping of records under a
single Work. In addition, the FRBRization includes a pre-processing step which
consists in harvesting catalog data into an intermediate model so that records
can be cleaned. We cannot provide more details about PRIMO since techni-
cal information are not available, for example about deduplication and model
expressiveness.

As a summary, the techniques based on grouping Manifestations under Works
can be seen as a reorganization of the catalog rather than a real transformation.
Furthermore, even if the patterns (based mainly on title and authors fields)
are useful for clustering records, they are not sufficient to detect all the complex
relationships that can exist between entities and must be completed by additional
processes using the original fields to fully exploit the capabilities of FRBR.

4.2 Interpreting Each Fields of the Original Records

The second type of FRBRization aims at building a FRBR catalog by mainly
applying mapping rules between the initial catalog metadata and the FRBR
attributes. In the context of MARC catalogs, such a process is basically per-
formed by reading each record’s field and identifying whether it matches any rule.
Depending on the quality and completeness of the input catalog data, the rules
have to be more or less complex to create not only the FRBR entities but also
the different relationships that link them. It is worth noting that a single MARC
record usually generates more than one FRBR entity. Indeed, a MARC record
contains information for different FRBR entities. Conversely, information about
the same FRBR entity may appear in several MARC records, in particular when
the second and the third FRBR groups are considered. In the rest of this section,
we describe the major projects based on this kind of extraction technique.

The LC Display Tool is one of the first prototype for FRBRization provided
by the researchers from the Library of Congress in 2003 [28]. This solution takes
as input MARC21 records and it can produce FRBR XML and HTML. The
process uses MARCXML as an intermediate format to benefit from the XML
format and from the MARC leader fields. Rules stored in XSL files are applied
to the MARCXML catalog to clean the data and to generate FRBR entities.
The process returns a list of Works, each of them hierarchically linked to one
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Expression and one Manifestation and containing title and author attributes.
This representation focuses on the main entities from the first group of the
FRBR model which is a very limited expression of the capabilities of FRBR. Such
choices for displaying results have also raised early issues in terms of visualization
of FRBR entities. Indeed the hierarchical organization of XML (e.g., if using
HTML) combined with the large amount of relationships available in FRBR
may produce very large files which makes it more difficult to read.

The TelPlus project [21] allowed the realization of a semi-automatic trans-
formation process for MARC records. The FRBRization is based on a pre-
processing stage for correcting and enriching records, a rule-based extraction
step and a deduplication phase. Several issues are raised by this study such as
the minimum information needed in each record to guarantee a good quality
of the process, the large amount of duplicate FRBR entities generated and the
high complexity of some mapping rules. They face the first issue by providing
a list of requirements to filter the records in input. The second one (i.e., dupli-
cates entities) is managed with a clustered deduplication process (see Sect. 4.3).
They deal with the last issue (i.e., complex rules) by using an extension of the
extraction tool from Aalberg [1] to enable the implementation of more complex
rules. The experiments have been performed on a large number of heterogeneous
records (from TelPlus project) and the output model used is a quite standard
version of initial FRBR model designed in RDF2

LibFRBR is another rule-based implementation built in the context of
FRBRizing the Chinese Koha system [9]. This project includes a FRBRization
tool written in Perl which can harvest data in MARC21 or CMARC, extract
FRBR entities from the three groups and store them in FRBRXML or in the
Koha database. There are only few information about the model used by the
tool which seems to be close of the standard initial FRBR model. A cataloguing
interface for performing corrections on the transformed data and for cluster-
ing equivalent FRBR entities has been implemented and evaluated. Compared
to previous tools, the advantages of LibFRFR reside both in the edition of the
mapping rules (which are not hard-coded) and in the cataloguing interface which
involves librarians in the process.

Virtua VTLS is also a solution which provide a rule-based interpretation
of input fields to extract FRBR concepts [14]. A specificity of this commercial
tool is that MARC records can coexist with FRBR entities, i.e., FRBR is imple-
mented as an optional layer. Although only few technical informations are given
about the FRBRization, many options and user interfaces have been presented
to analyse MARC records and FRBRize the catalog. Furthermore, the FRBR
model has been extended to allow complex relationships between different works
of a same bibliographic family (e.g., Super Works).

The Variations or V/FRBR project, dedicated to musical content, brings
a new FRBRization tool with an extended FRBR implementation [26]. A major
proposal of this project deals with the model because three XML-based schemas
have been released: a strict version of FRBR and FRAD entities, an extended

2 FRBR in RDF, http://vocab.org/frbr/core.html.

http://vocab.org/frbr/core.html
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model which globally allows to add more meta-information to the previous strict
model and the V/FRBR model which is based on the extended model in which
attributes have been adapted to the musical context. The other contribution
is a Java-based tool that has been designed to FRBRize musical data to build
a FRBRized OPAC called Scherzo [22]. The results of the project show that
FRBRization may also succeed in real-world contexts by using sophisticated
extraction rules. However, the mapping rules were apparently hardcoded even if
a complete documentation have been freely provided with the project.

In eXtensible Catalog (XC) [6], FRBRization is handled by the Metadata
Service Toolkit with the goal of improving the quality of the migration. This
open-source tool is composed of a pre-processing phase with mechanisms to
harvest and normalize records (from OAI-PMH repositories3), a transformation
phase to migrate the normalized data (FRBRization) and an aggregation phase
to detect and merge duplicate entities [7]. In this project, the Metadata Service
Toolkit is a component inside a full ILS solution, and the implemented model
(the XC schema) has been extended, mainly with the Holding entity, i.e., a
specific implementation of the FRBR Item entity to handle MARC21 Holding
records. Several interesting challenges of FRBRization are faced by XC in terms
of input model management and normalization of extracted data (see Sect. 4.3).

FRBR-ML [29] is an extended version of Aalberg’s FRBRization tool [1].
In addition to the transformation aspects, it aims at promoting interoperability
between different models such as MARC and FRBR. Thus, this new system is
built on an XML based intermediate model which was designed to ease exporting
data in various semantic formats. The FRBRized records are represented with
an hybrid semantic format which may use external attributes from the Linked
Open Data.

To summarize, all these rule-based solutions cover various model needs.
FRBRization techniques based on enhanced model may be more complex to
design but offer a better completeness in terms of transformed data. Further-
more, a major part of the solutions has managed to improve the quality of their
transformation at different steps. At the beginning of the process, some have
chosen to involve the user feedback with an intuitive interface to create or refine
the rules and to ease building the output model. At the end of the process, sev-
eral solutions have provided an aggregation phase to find and merge duplicate
records. It is a critical step especially when rules are applied on fields that may
contain duplicate values.

4.3 Specific Enhancements

The last criterion of our classification is about specific enhancements, mainly
designed for tackling quality or performance issues. These enhancements have
been isolated from the standard features presented previously because they don’t
represent a fundamental step of the initial FRBRization process but are needed
to face the metadata migration challenges (see Sect. 2).

3 OAI-PMH, https://www.openarchives.org/pmh/.

https://www.openarchives.org/pmh/
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The FRBR model and its extensions are suitable for the representation of
many information in the cultural heritage domain. However, the original model
only provides a limited set of attributes and relationships labels which are mainly
concepts. Thus, to cover the practical requirements of librarians and to enhance
related information, it may be useful to include additional attributes while
modelling with FRBR. Several tools are able to integrate vocabularies from other
models. For instance, Virtua VTLS uses RDA vocabulary and rules4 to provide a
more structured and interoperable catalog. Similarly, eXtensible Catalog extends
its models with elements from RDA and Dublin Core [6].

The exploitation of added entries from the initial data has been widely
studied to find solutions for extracting data stored in the MARC21 7xx fields5.
Such fields may contain additional authors, geographic names, information about
Agents at the Expression level (e.g., cover drawer, translator) and the challenge
is to store this information in the correct FRBR entity. Variations [26] and
eXtensible Catalog [6] roughly use the same method for exploiting these added
entries: creation of new FRBR entities from specific fields (e.g., in MARC21 700,
710 or 740 with a second indicator equal to 2 ). Variations may create several
levels of Works6 while eXtensible Catalog can directly create a new Expression
and its parent Work7. In FRBR-ML, the idea for disambiguating information
contained in the MARC21 7xx fields is to analyse similar records that may not
contain the ambiguity [29]. This search is performed either in the same collection,
in external collections (z39.50 or SRU/SRW) or in knowledge bases such as the
Linked Open Data cloud8 (LOD).

An interesting enhancement for FRBR catalogs is the semantic enrich-
ment, i.e., the addition of extra information such as new attributes or relation-
ships. Using the potential of external data can both enhance the completeness
of the process and also improve the validation of the results. However, this task
involves many new issues because of the heterogeneity of the databases that
can be used. For instance, using both information from structured sources (e.g.,
LOD) and non-structured sources (e.g., websites) involve effective and efficient
matching tools at schema and instance levels. FRBR-ML performs matching
to external knowledge bases (LOD cloud) for discovering the semantic type of
an ambiguous field (e.g., person, location) and detecting missing relationships
between FRBR entities [29]. As for eXtensible Catalog, it can perform a specific
data fusion process to merge the attributes from equivalent entities [7].

Descriptive keys are used for comparing records and for detecting duplicates,
thus improving quality [7,9,21,29]. The issue is to find the most relevant pat-
terns for descriptive keys. In the Work-Set project, the OCLC has proposed
four patterns to fulfil this goal [16]. For instance, one of the patterns is the com-

4 Virtua does not provide any public specification about its use of RDA.
5 MARC21 7xx fields, http://www.loc.gov/marc/bibliographic/bd70x75x.html.
6 Converting MARC to FRBR, http://www.dlib.indiana.edu/projects/vfrbr/

projectDoc.
7 XC, https://code.google.com/p/xcmetadataservicestoolkit/wiki/TranserviceIntro.
8 Linked Open Data cloud, http://linkeddata.org/.

http://www.loc.gov/marc/bibliographic/bd70x75x.html
http://www.dlib.indiana.edu/projects/vfrbr/projectDoc
http://www.dlib.indiana.edu/projects/vfrbr/projectDoc
https://code.google.com/p/xcmetadataservicestoolkit/wiki/TranserviceIntro
http://linkeddata.org/
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bination of author name and title. These four OCLC patterns are still a reference
for the generation of descriptive keys for bibliographic content, and they have
been applied in the most recent FRBRization techniques.

The deduplication, which aims at detecting duplicate records, is one of the
most time consuming step because of the Cartesian product applied between all
records. The clustered deduplication enhancement impacts efficiency by
reducing the execution time of the deduplication. In the TelPlus project, each
FRBR entity produces a set of keys (according to the patterns for descriptive
keys from OCLC [16]). The intuition is to group in the same cluster all entities
that share at least one identical value for one of their keys. The last step identi-
fies duplicates inside clusters by comparing their keys and computing similarity
values with thresholds.

Evaluation of the FRBRization process is crucial, but it requires the defin-
ition of evaluation metrics. TelPlus proposes a metric for the evaluation of
the aggregation level (i.e., the percentage of duplicate entities extracted). The
FRBR-ML project [29] defines three metrics to measure the degree of complete-
ness (i.e., the amount of information lost during FRBRization), the minimality
rate (i.e., the amount of redundant information, at the property, record and col-
lection levels) and the extension rate (i.e., the amount of enriched information).

Finally, our classification enables the identification of relevant techniques
according to the type of FRBRization and the model expressiveness. Com-
pared to the initial FRBRization process, most tools have proposed specific
enhancements either for effectiveness (quality aspects) or efficiency (performance
aspects).

5 Conclusion

This paper introduces a survey about FRBRization tools and projects to provide
a more comprehensive view of this process. To the best of our knowledge, this
is the first classification according to criteria such as the type of FRBRization
and the model expressiveness. Our contribution is useful both for librarians
who need to choose a FRBRization technique and for IT company working on
cultural heritage data who plan to design mature FRBRization tools. According
to the results of our study, we advocate that the FRBRization process must be
refined to cover the most recent challenges of metadata migration. For instance,
involving user feedback at the initialization phase (e.g., rule selection) can reduce
human mistakes. Furthermore, the quality of the process can be enhanced by
providing additional steps at the post-processing phase such as an automatic
evaluation step or a semantic enrichment step based on external sources.
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Abstract. Digital libraries are nowadays expected to contain more than books
and articles. All relevant sources of information for a scholar should be avail-
able, including research data. However, does literature retrieval work for data
sets as well? In the context of a requirement analysis of a data catalogue for
quantitative Social Science research data, we tried to find answers to this
question. We conducted two user studies with a total of 53 participants and
found similarities and important differences in the users’ needs when searching
for data sets in comparison to those already known in literature search. In
particular, quantity and quality of metadata are far more important in data set
search than in literature search, where convenience is most important. In this
paper, we present the methodology of these two user studies, their results and
challenges for data set retrieval system that can be derived thereof. One of our
key findings is that for empirical social scientists, the choice of research data is
more relevant than the choice of literature; therefore they are willing to put more
effort into the retrieval process. Due to our choice of use case, our initial findings
are limited to the field of Social Sciences. However, because of the similar
characteristics for data sets also in other research areas, such as Economics, we
assume that our results are applicable for them as well.

1 Introduction

Inspired by the successes of Bioinformatics, much research infrastructure has been built
in the last few years to allow all scientific disciplines to archive and share scientific data
sets. This infrastructure has been extraordinarily successful, in the sense that there are
now much more data sets available than ever before. The trend of journals to force
authors to share their data sets before publishing their articles based on these data sets
also contributes to that. DataCite1, probably the biggest catalogue, lists over two
million data sets. With the increase of available data sets, the finding of information
becomes more difficult for the researcher and thus, an important issue for further
research in the field of data set retrieval. Even with a large time budget simple reading
through everything is no longer a viable option. Most of the current data catalogues

1 https://www.datacite.org/.
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utilise systems which were originally designed for literature or web site searches, e.g.
SOLR2. But do these data set retrieval systems really satisfy users’ needs? We con-
ducted two user studies and found answers to that question. In a lab study with 7
participants and in telephone interviews with 46 participants we focussed on data set
retrieval for a specific domain, the Social Sciences.

In this paper, we describe the methodology of the user studies, discuss the results
and derive challenges that developer of data set retrieval systems are facing. Although
we assessed user behaviour in a particular system for social scientists, we believe that
many of our observations are transferable to other similar systems in different domains.
In particular, our key insight is that users are willing to put higher effort in the
searching and selecting process of data sets than they do when searching for literature.
They also expect high-quality metadata to support this process. We assume that this is
true for other data retrieval scenarios as well.

2 Motivation

For the Social Sciences there are different relevant archives that provide research data
sets. The most relevant international archives for Social Science research data are the
ICPSR3 in the USA, the UKDA4 in Great Britain and the NESSTAR5 software. One of
the most known data catalogue in Germany is the DBK6. Other rather highly specia-
lised data catalogues only provide one data set or a collection of data sets (SOEP7).
Many archives are now linked to each other, exchange metadata and share infra-
structure and sometimes even software. Almost all current archives now have some sort
of online representation of their data. Typically, those systems are similar to nowadays
digital literature retrieval systems. There are some systems that attempt to transcend
this general trend and try to develop tailored services for data sets. E.g. OECD and
NESSTAR focus on browsing and visualisation of the data. Others focus on rich
metadata for the data sets, like the ICPSR and most specialised archives. The retrieval
component is an integral part of all systems.

When treating metadata of data sets like metadata of publications the integration of
such information in a library system can be made easily [15]. When taking a closer look
at both types of metadata (cf. Fig. 1), it can be seen that there are some basic simi-
larities. However, in order to use data for scientific analyses, researchers need more
detailed information about the data set and its structure. It has to be understood which
values belong to which question and in which context the data has been captured.
Furthermore, for the reusability of data sets and the comparability of results gained

2 http://lucene.apache.org/solr/.
3 https://www.icpsr.umich.edu.
4 http://www.data-archive.ac.uk/.
5 http://www.nesstar.com/ NESSTAR is the meta-search portal of many European archives.
6 https://dbk.gesis.org/dbksearch/index.asp?db=e.
7 http://www.diw.de/en/diw_02.c.221180.en/research_data_center_soep.html.
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through analysis based on the data set it is essential to know which other analyses have
been already performed with the data set.

3 Related Work

That there is a need for sharing data for reuse is an almost common agreement in the
scientific community (e.g. see [9]) However, to the best of our knowledge no studies on
the behaviour of users of data set repositories in the field of the Social Sciences have
been published yet. However, studies on systems in related fields, such as History [7]
or in the Humanities [6] have been made. The results of these studies show that the
users asked first for more accessibility, then for more and richer metadata and then for
more convenience, including domain-specific applications. This stands in strong con-
trast to literature retrieval, where convenience is by far the most commonly named
requirement [4]. Established theory on information seeking [17] stresses the time
constraints. Optimising task speed, usability and simplicity has ever since been a major
driver in the development of information system user interfaces. Accordinglg, [5]
points out that the importance of convenience is highly dependent on the context.

In the field of the Social Sciences, there are a few studies performed to understand
the seeking behaviour of this target group in general (e.g. [14, 18]). However, data set
retrieval is often not an explicit subject of discussion. Most of the presented results
focus on literature retrieval. In our research, we try to fill this gap by applying
standardised methods for collecting information about user requirements and user
behaviour. While Diane Kelly [12] provides a good overview of different evaluation
techniques in the field of interactive information retrieval in general, we present in the
following the methods that are relevant for our conducted studies. One method is the
“simulated work task situation” introduced by Borlund and Ingwersen [2]. A short
cover story is used to describe a realistic information seeking situation that motivates
the test person to use the system under investigation. Results gained through this
method reflect real information needs [3]. In case of our data set retrieval system, this is
a task such as “Find one or more relevant data sets that fit your actual research topic”.
In the context of the simulated work task situation the “Think-aloud” method [8] can be

Fig. 1. Comparison of metadata between publications and data sets. In both cases, we restricted
ourselves to what could arguably be the most relevant fields.
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deployed to learn more about the users’ current needs and requirements. Subjects are
asked to articulate what is on their minds when using the system. This data can be
captured by recording software and inexpensive computer microphones. While
applying this technique it has to be kept in mind that participants might have difficulties
to put their thoughts in words [12].

Interviews belong to the most common form to gather data that indicate user needs
[16, S. 221]. The interviews are often made face-to-face but also telephone interviews
serve this purpose. Interviews can be divided into structured, semi-structured or
unstructured interviews depending on how strict the interviewer is following the
interview guide. After gathering the data the analysis of the qualitative data follows.
Usually, the responses are assigned to set of categories to be able to summarise them.
The quality of the analysis depends on how the data are collected. A transcription of
interviews followed by an analysis based on these notes is better than an analysis based
on notes that are taken during a non-recorded interview [12].

4 Research Context

In an on-going project for integrating access to different sources of information
(publications, data sets, web sites, etc.) we follow a user-centred design approach [10].
According to the first step “specify context of use” [10], we performed an analysis of
the data catalogue of GESIS - Leibniz-Institute for the Social Sciences8, called DBK.
The DBK contains study descriptions and the associated data sets. Its main function is
to serve as a central point for downloading and purchasing data sets, including the legal
and commercial infrastructure for handling sensitive and confidential data. It also
serves as a reference guide for additional documentation and metadata. The information
about a data set in the database contains bibliographic citation, content and method-
ology descriptions, lists of errata and versions, the list of primary publications about the
data set and the link to the associated questionnaires and codebooks as well as the link
to the data set download. So far, a comprehensive list about publications that are based
on the data set is not available. This metadata for each data set is displayed in a detailed
view (see Fig. 2). The search function of the DBK is a full text search based on a set of
predefined fields of the relational database it is built upon. The underlying software is
Open Source9.

To gain some preliminary insights into the users’ behaviours, we started our
investigations with a query log and session analysis based on the web servers logging
files. We were able to identify some differences to the typical query pattern that we
know from our literature system sowiport10. Known-item queries constitute roughly
two thirds of all queries, which is much more than in the case of our literature system.
Additionally, session analysis shows that many users come in through direct links, but

8 http://www.gesis.org/.
9 https://dbk.gesis.org/DBKfree2.0/Defaulten.htm.
10 http://sowiport.gesis.org/.
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then spend a long time on the page with detailed information about the data set (see
Fig. 2), by-passing the search engine completely.

When searching, author names, a kind of information users of our literature system
often search for, are not used. Although these insights already exposed some infor-
mation about the differences of literature and data set retrieval, we decided to perform
more detailed user studies based on semi-structured interviews to get a clearer picture
on the information seeking process and the users’ intentions themselves.

5 Methodology of the User Studies

We conducted two studies, a lab study with seven participants and telephone interviews
with 46 participants. Our goals were, to find out how Social Science researchers
actually search for data sets, what their requirements are, how they achieve their goals
and whether they are satisfied with the search path they used. The studies were con-
ducted with German-speaking users of the DBK.

5.1 Lab Study Setup

The lab studies were performed in single sessions where each participant sat together
with an experimenter in front of a computer. After a short introduction the participants
were asked to use the DBK to search for one or more data sets fitting their current
research questions. They were observed while using the DBK for ten minutes and were
asked to think aloud, while working on their individual tasks. The audio as well as the
screen were recorded. Afterwards, we conducted a semi-structured interview during
which the participants were encouraged to use the data catalogue to recall some actions
they had performed in the past or to examine functions they had not used before. These
single sessions took about 45 min each.

Fig. 2. Detailed view of a data set.
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5.2 Telephone Interview Setup

In addition to the lab study, telephone interviews were conducted. It was the same
interview guide as used in the lab study. The questioning was recorded and transcribed
afterwards. The telephone calls took between 7 and 25 min. In contrast to the lab
interviews, the participants were not asked to use the DBK, but they were allowed to if
they wanted. However, we expected that they answered the question based on their
memory of recent use of the portal.

5.3 Subjects

For the telephone interviews, DBK users were asked by email (sent out to about 600
registered users), if they were willing to take part in a questioning. The interviews were
conducted with 46 participants (11 female, 35 male). The youngest interview partner
was 26 and the oldest 80 years old (mean age 41). Ten participants worked or used to
work as a professor at a University, 18 were postdocs, 17 held a master or an equivalent
degree and one held a bachelor degree. The main research interests lay in Social
Sciences (20) or Political Sciences (12).

For the lab study, seven participants (3 female, 4 male) were recruited from the
sample above, based on geographical closeness. They were between 26–43 years old.
The group consisted of six PhD candidates and one postdoc. Their research interests
were in Social Sciences (4) and Political Sciences (3). It must be mentioned that six of
them had affiliations with GESIS, e.g. as research assistants, which may have intro-
duced an institutional bias. However, since the lab participants were much more critical
about the catalogue than the telephone interviewees, we believe that this bias at least
did not result in underreporting of problems.

6 Results of the User Study

Based on the transcriptions of the interviews we summarised and analysed users’
behaviour as well as their requirements on a data set retrieval system. In this paper, we
focus mainly on the responses that help us to answer the question “Are there any
Differences in Data Set Retrieval compared to well-known Literature Retrieval?”
Detailed information about further results will be presented in another context. As the
interview structure was the same in both studies the results are presented together. The
interview guidelines were not followed strictly in all cases, e.g. when a preceding
answer clearly made a follow-up question irrelevant. This occurred rarely, though. The
numbers of responses to each question never dropped below 38.

6.1 Lab Study Observations

Participants of the lab study were asked to search for data sets relevant to their research
by using the catalogue. The most often used strategy was to use the simple search as an
entry point and then to browse through the often very long result list. In most cases the
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initial query was not refined. The subjects inspected each entry dutifully. They
sometimes consulted additional documentation, such as questionnaires, to evaluate the
relevance of entries. Two participants entered previously known survey programmes
and then proceeded with browsing through the result list in a similar manner as the
other participants did. All, except one participant, found a relevant data set within the
allotted ten minutes, however, in many cases, it was implied that further investigations
would be needed to properly assess its applicability. Most participants felt that there is
a lack of additional filtering options. However, the filtering possibilities offered, were
not used at all. It should be noted here that there were no complaints on the rather
lengthy process of evaluating relevance. In digital library systems, the users are much
quicker to judge positive document relevance, e.g. 26.49 s on average in the system
described in [11]. From our experience of the lab study, we claim that for data sets this
time is much higher. As our participants felt that it was part of the normal research
process.

6.2 Frequency of Use

In our interview, the first questions aimed at assessing the participants’ frequency of
usage of the DBK. With the exception of those subjects, who use the DBK for teaching
most participants used the system rarely (1-3 times per year, also cf. Fig. 3). Since all
participants were active researchers, we assume that they use library systems much
more often.

6.3 Metadata of Data Sets Vs. Metadata of Literature

The results of our user study provide insight in the relevance of the different metadata
for data sets. In the following we summarise the key findings in pointing out the
differences of metadata for data sets and literature which seem to be quite similar at the
first glance. For data sets, it can be said that the title is in most cases more a brand name
than an accurate description of the contents. Furthermore, the publication year is
irrelevant for data sets. Highly relevant, on the other hand, is the time frame to which
the data refers to. What the abstract is for the publication the list of keywords and the
table of content are for the data sets. Both metadata provide keywords but with a
different granularity. For a publication, it is important in which journal or proceedings

Biweekly Not specified 

Once a month So far only once

Bimonthly Every 4 years (German election) 

4-6 times per year 1-3 times per year

Fig. 3. Frequency of usage
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it is published and for the data set, this information can be seen as the context in which
the data are collected for example under the umbrella of the comprehensive survey
programme. While for publications the authors are very important, for data sets the
primary investigators seem to play a rather minor role for the data set search process.
Not one participant mentioned them in the interviews.

Furthermore, data set retrievers rely on the additional documentation like code-
books, method reports or questionnaires to be able to analyse the data. The quality of
these documentations is essential. Other aspects that are very important for the users of
data sets are the mode of questioning, the sampling size and the involved countries.

Similar to references for publications data set often based on specific item and
scales. Documentation about these not only helps to understand the data collecting
process, but also helps to estimate the quality of the data. Related literature that cited a
data set is at least as important as it is in literature search systems. It might be even
more important as the question if a research question has already been answered (a use
case proposed by the participants) based on a certain data set could be answered by
looking at the citing. The participants reported that searching for such publications is
rather cumbersome, so far. Furthermore, in case the studies were performed in different
countries and not all data sets are available in the presented catalogue, they would
appreciate having a link to where to find the corresponding data sets.

6.4 Additional Functionalities

In addition to the questions about their search behaviour in the DBK and the more
general questions about data set retrieval, we asked the participants about their opinion
on a few new features for the DBK. The answers are summarised in Table 1.

The features that we have prepared for judgement, were motivated by the experi-
ences with our literature search engine. Most answers are unremarkable, except that
both user accounts and email reminders have such a high acceptance rate. Most in-
terviewees strongly demanded free access for as many things as possible and did not
mind receiving emails.

Table 1. Answers to the questions about new feature ideas for the DBK.

Would you like to have… Yes No Undecided

A list of the Top 10 Downloads? 27 % 62 % 11 %
The information of how often each individual data set was
downloaded?

19 % 62 % 19 %

A comment function? 30 % 53 % 17 %
A user account? 55 % 45 % –

A list that shows data sets downloaded by researches who
also downloaded the currently observed data set?

82 % 18 % –

An email-reminder asking for publications that you might
have written based on the downloaded data set?

94 % 6 % –
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6.5 Perceived Usability

It is important to mention that the comments regarding usability are quite different from
participants of the lab study and the telephone interviews. In the lab study literally
everyone complained about the inconvenience of the search functionality. In the
telephone interviews, only one person seemed to be able to remember the inconvenient
search. The general sentiment was that the DBK is an extremely useful tool. The users
appreciate the access to the data sets as well as the high-quality metadata so much that
any intricateness in the search functionality seems to be of marginal importance.
Nevertheless, for starting the search process most of them expect a Google-like input
field with Boolean search, autocomplete function, search term suggestion and an
auto-correct on spelling mistakes as a bare minimum.

7 Open Challenges

From the general answers above, some challenges arise that were mentioned multiple
times by the participants. In this section, we present a few selected issues, as they seem
rather typical for data set retrieval.

7.1 Search Within the Metadata

Metadata of data sets can be quite extensive, so much that the line between metadata
and digital objects in their own right is hard to draw. There are documentations like
questionnaires and codebooks, but also method reports and even publications, which
are linked because they describe the genesis of the data set. So far, these documents are
often displayed together with a data set, but they are not included in the retrieval
process of the DBK. However, at least 20 % of the participants of both studies men-
tioned that they would prefer a search opportunity for questionnaires, and 15 % would
like to have this for codebooks.

This is a complicated issue. Variable labels and questions are both highly repetitive
and much more common than the more relevant data sets. When providing data sets,
questionnaires and codebooks are all together in one result list, the data sets thus recede
into the background. This is a known problem for systems that offer such services. It
works for catalogues with few studies, but the currently used visualisation approaches
do not scale well. Probably, a complete new retrieval approach has to be chosen on
another level.

7.2 Categorisation/Grouping of Data Sets

The most relevant data sets in the Social Sciences belong to comprehensive survey
programmes in which the data collections are repeated periodically and often in several
countries. For each individual collection, one or more new data sets are created and
henceforth exist as separate records in the data catalogue. Although the DBK has a
group structure and provides a group search function to address this, these functions
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were not used during the lab study. For example, the most popular study archived in the
DBK is the Eurobarometer (it is also the most common query). Related to it are 621
data sets and 23 groups. Here most relationships are not clearly defined or sometimes
even unknown. This complicates the creation of a suitable representation of the stored
data. In addition, the way in which survey programmes publish their data is highly
heterogeneous, making a standardised display even harder. The challenges of imple-
menting such a system are outlined in [13]. Some of the participants suggested a
hierarchical representation within the result list. So that they can easily skip results
from survey programmes they are not interested in, or, on the other hand, so that they
get an overview of results that belong together.

7.3 Interlinking Between Data Sets and Publications

The users are very interested to know how often and by whom a data set has been cited.
Whenever possible, links to publications related to a data set should be included into the
data set retrieval system. Both self-reported as well as automatically extracted citation
[1] could significantly improve interlinking and, thus, improve the user experience of
data set retrieval systems. Since these publication lists can become quite large, breaking
the citation down to the specific variables was suggested, but this is again information
that is not always available.

Another critical point is the timeliness of such publication lists. A few of the
interviewees worry that the list in the data retrieval system is not as complete and
current as a list that Google scholar could provide them. They suggested a link to
Google scholar with predefined search terms including the DOI as an alternative and/or
supplement to any list that might be compiled through self-reporting or text mining. All
links should be clearly split to differentiate between secondary analysis and sources for
the study. Many studies base some of their methodology on pre-existing research, e.g.
they use scales and questions from databases or published research.

7.4 Registration and Personalisation

All forms of registration and login are explicitly frowned upon by 19 % of the par-
ticipants. But this is a general issue and not limited to data set retrieval. Echoing similar
principles in digital library systems, all metadata should be and actually is free, only the
content is restricted, oftentimes for legal reasons. This implies that all documentations
(including codebooks and questionnaires) should be freely accessible, as users tend to
only register when they can be sure that the data set is relevant for them.

Inspecting the actual data set for quality and relevance is the last resort step, users
avoid as long as possible. Not only is it time-consuming to go through registration and
possibly legal requirements, without proper documentation, the data set is very likely
unusable anyway. Yet, even with documentation, opening a data set for the first time
often holds some surprises, ranging from software incompatibilities to mismatches
between documentation and actual data. In this context, one participant even suggested
providing an example data set with only a few fake data to get an impression what
he/she has to expect and therefore to minimise the downloading effort.
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Some sort of community function would allow users to help other users, but this is
seen critical by almost half of the interviewees. They fear unqualified rumours to be
given attention. A helpline towards qualified personal, or ideally the data set providers,
would be much preferred. As the time user spend with analysing data sets is often quite
long they are highly interested in notifications about changes in their downloaded data
sets.

8 Conclusion

In this paper, we study the requirements users have for a data set retrieval system in the
Social Sciences and compare those to the well-known requirements in Digital Libraries.
Based on two user studies with altogether 53 participants, we could find similarities,
but also differences. The need to know who cited a publication of interest respectively
who published an article based on a data set of interest can be seen as the main
common requirement users have on both retrieval systems. On the other hand, the
underlying difference is: Choosing a data set is a much more important decision for
a researcher than choosing a piece of literature. Therefore, they are willing to spend
much more time on the selection process. As a consequence,

– Metadata quality and quantity is most important. Data without description is use-
less. Often, decision criteria for relevance are hidden inside lengthy documentation.
Compared to the state-of-the-art, users wish for more metadata, in particular better
structure and visualisation of the relationship between data sets, more links to
additional resources, both on the context of the data set and its reception by the
community.

– Researchers are dedicated to the research data they choose, even long after they
have downloaded it. They appreciate updates and news, as well as suggestions for
what might be new relevant data sets for them. Many are also willing to spend time
on improving the metadata when so prompted. For example, they are willing to
provide secondary literature.

– As for literature, users expect an optimal support while entering their search terms
with search term suggestions, autocomplete function, etc. Furthermore, since users
visit the catalogue so rarely it is important that a function is as self-explanatory as
possible, or it will not be used.

We believe that the differences are mainly caused by the different importance
papers and data sets have for the researchers. Research data sets are much more
decisive for research activity than any literature is. Many empirical scientists spend
their whole academic career analysing one essential study. Any time spent on choosing
the correct data set is therefore time well-spent.

Typical information retrieval UIs, in contrast, are optimised to improve conve-
nience, often understood as implementing time-saving mechanisms. The user of data
set retrieval systems gives priority to the quality and completeness of the metadata as
well as the data sets. While they prefer indeed a more comfortable search input field,
they are less interested in getting fast results. This finding offers new possibilities for all
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the ideas in information retrieval that failed at the convenience barrier and spawn new
research ideas in an environment where time does not matter (much).
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Abstract. Digital Libraries are used on contexts beyond organization,
archival and search. Here, we use them to extract bibliography data
for proposing a new productivity index that emphasizes the venue and
the year of the publication. Also, it changes the evaluation perspective
from a researcher alone (index based on one’s own publications) to one’s
contribution to a whole community. Overall, our results show that the
new index considers researchers’ features that other well known indexes
disregard, which allows a broader researchers’ productivity analysis.

1 Introduction

Digital Libraries (DL) have been used on contexts beyond organization, archival
and search. For instance, given the widespread research on social networks and
the valuable data from DL, academic social networks may be built based on the
coauthorship relations within DL: nodes represent scholars and edges their aca-
demic relationships. Then, it is possible to analyze those networks and uncover
important information. Indeed, recent studies have considered the performance
of each researcher individually as well as measured the degree of influence among
research areas and contributions from researchers, providing interesting and
meaningful visions of the academic environment [8,15,18,19].

Regarding a researcher performance, a very popular metric is the h-index [12]:
the largest number h for which the researcher has h publications with at least h
citations each. Despite its popularity, the h-index is inadequate for comparing the
achievements of individual researchers, research groups, institutions, or countries
[2,23]: (i) it disregards publications with less than h citations and more than one
publication with h citations; (ii) it does not consider recent publications with
potential impact but without enough citations; and (iii) it disregards venues’
singularities, such as year of publication and citations per work ratio.

Here, we address such flaws by defining the tc-index (temporal community-
based index), a novel approach for assessing researchers’ productivity based on
the evolution of communities. A community is the set of authors who published
in the same venue (note that it can also be extended to other concepts of com-
munity). Overall, the tc-index explores two properties: (i) different communities
have different patterns (e.g., an h-index of 10 in Networks is different from a 10 in
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Fig. 1. Publications considered by tc-index and h-index (both) and h-index alone for
Christos Faloutsos (left) and for everybody grouped by h-index (right) (Color figure
online).

the Computing Theory community, as discussed in [16]); and (ii) the timing for
citing a work depends on its publishing year (i.e., old publications have more
time to be cited). Therefore, it is rather unfair to evaluate research contribution
with only one bibliometric perspective [2,3,6,16,23].

The main contribution and novelty of tc-index is that each publication is
compared to similar ones considering a threshold of community contribution.
Such definition is illustrated by Fig. 1. In the left, we take 41 publications of
one known researcher (Christos Faloutsos) and observe the following: (i) 30 of
those 41 form his h-index (red circles and green triangles); (ii) 22 are considered
important to their communities, and 8 that form his h-index (green triangles)
do not outperform the similar ones from a community perspective. Then, at the
right, for all works of all authors in our dataset distributed by h-index, it shows
tc-index filtering the publications that are important due to their contribution to
the communities. In addition, there is a large number of publications that form
the researchers’ h-index, but, in a community context, do not outperform the
similar ones (green triangles). Hence, tc-index changes the evaluation perspective
of one researcher (index based on one’s own publications) to a whole community,
i.e., it emphasizes the contributions of a publication to its community.

Next, Sect. 2 provides background on assessing academic research. Section 3
introduces tc-index for ranking researchers based on their communities impact
over time. Sections 4 and 5 describe the experimental methodology and our
analysis. Then, Sect. 6 addresses the experimental validation of tc-index. Finally,
Sect. 7 discusses our conclusions and future work.

2 Related Work

Analyzing data extracted from Digital Libraries (e.g., citation analysis, rank-
ing and bibliographic networks) is essential for understanding the evolution of
science [1,4]. However, ranking researchers by publication impact is not easy.
Based on the analysis of academic social networks, an earlier study proposed
weak ties as links that join different groups by building bridges within the net-
work [10]. Ranking is then possible by measuring the weak tie coefficient of each
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researcher. Likewise, Newman [19] measures the influence on the information
flow among individuals through high scores of brokering ; Burt [7] calls brokers
the people who build social capital through structural holes in the networks;
and Guimerà et al. [11] show that a newcomer on the network improves the
research teams success. Similar to those, our approach captures the importance
of researchers involved in different communities (parts of a network). As shown
in Sect. 6, our metric aggregates a more diverse set of researchers from multiple
communities in a global ranking. Hence, it is able to capture the researchers who
are building bridges and connecting different network communities.

Broadly, studies of academic social networks emphasize the collaborations
between researchers [19], their productivity [1,9,16,17] and the communities
formed [5,20–22]. For instance, Glauber et al. [9] explore the scholar popularity
within CS communities; Biryukov and Dong [5] show that short-time researchers
(less than five year careers) dominate the DBLP communities; and Silva et al. [21]
analyze the flows of research contribution based on collaborations around venues
according the venues’ quality. Here, we further explore the relation researcher-
community in order to propose a fairer ranking strategy based on the analysis
of publications that are grouped according to their venue and year.

Regarding productivity indices, they usually consider the number of citations
received, volume, h-index [12], its variations and others [6]. There are also new
approaches based on networks structure, to improve fairness provided by bib-
liometry only. For instance, Silva et al. [22] propose a community-based index for
ranking venues by the external relationships of their members. Lima et al. [16]
focus on ranking researchers across multiple areas and their different publication
patterns. Here, we propose a new indicator for ranking researchers by exploring
the community context of a publication as well as its visibility.

Overall, the aforementioned studies explored the Digital Libraries in their
publications attributes. Our approach is one step closer to more robust produc-
tion evaluation, since it considers the link researcher-community and the sets
formed by similar publications regarding venue and time.

3 Temporal Community-Based Index

Base Concepts. Let R be a set of researchers, and W the set of works pro-
duced by R. Each researcher r ∈ R has a set of published works Wr ⊂ W, for
1 ≤ r ≤ |R|. Also, let V be the set of all venues in a digital library. Then, a
community Cv, for 1 ≤ v ≤ |V|, is a partition of R that contains the set of
researchers who published in venue v. Hence, W can also be partitioned into
sets Wv, for 1 ≤ v ≤ |V|, with the works published in venue v for all researchers
at Cv.

The main novelty of tc-index is to consider the temporal aspect of commu-
nity evolution in a given time window t. The year is the time granularity so that
Cv(y) is the community formed at year y and Wv(y) the works published by each
member of community Cv(y)1. The set of all years in which v was published is Yv.
1 Note that other time granularities are possible (bi-annual, etc.).



212 T.H.P. Silva et al.

The goal is then to consider the same venue at the same year for a fairer com-
parison of indicators from all researchers’ works in Wv(y).

tc-index. We introduce the temporal community-based index (tc-index), a new
metric for assessing a researcher r productivity, given by

tc-index(r) =
∑

∀v∈V

∑

∀y∈Yv

∑

∀w∈Wv(y)

1(.), (1)

where:

1(.) =

{
1, if w ∈ Wr and ctw(y) ≥ h-index(Wv(y))
0, otherwise

, (2)

ctw(y) is the total number of citations of work w, and h-index(Wv(y)) is the
h-index of venue v, both at year y. The h-index() function relates to the venue
and is used as threshold to determine how w compares to others in the set Wv(y).

By definition, tc-index enables assessing the researcher productivity for com-
paring the impact of his/her works with a group formed by similar works (venue
and year of publication). Thus, the productivity evaluation is fairer because it
enables to compare recent works to other recent works (same temporal visibility)
and, at same time, it avoids comparing works with different publication patterns.
In other words, we assume that the better a researcher productivity, the more
likely his/her works tend to outperform others within their communities.

4 Experimental Methodology

We now discuss the methodology underlying our experimental evaluation.

Publication Dataset. Without loss of generality, we use the communities from
the ACM’s Special Interest Groups2, because most ACM’s SIGs conferences are
top-tier in Computer Science (CS) and top researchers on CS publish in them.
Table 1 shows the set of SIGs considered, their related conferences and statistics.
We collected their sets of publications within [2001,2010] from DBLP3. Citations
were collected from Google Scholar by matching a 4-tuple (title, year, authors,
venue). At the end, the dataset contains about 20 thousand authors, slightly
more than 11 thousand papers with more than a half million citations.

As expected, each SIG has its own characteristics and publication profiles.
For instance, SIGAPP has the expressive number of approximately 6,7 thousand
authors, whereas SIGAda has only 169 different authors. Moreover, SIGBio has
only 123 papers and the lowest rate of total of citation by authors, whereas
SIGCOMM has highest rates of total of citations by paper and by authors.

Ranking Baseline. We also consider two well known bibliometric indices as
baselines: citation count and h-index (widely used in online research-oriented
search engines such as Google Scholar, Microsoft Academic Search and AMiner).
2 ACM Special Interest Groups: http://www.acm.org/sigs.
3 DBLP: http://www.informatik.uni-trier.de/∼ley/db.

http://www.acm.org/sigs
http://www.informatik.uni-trier.de/~ley/db
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Table 1. DBLP statistics of ACM SIGs conferences within [2001,2010].

SIG/Conf. Aut. Pap. Aut.
Pap.

Cit. (THS) Cit.
Aut.

Cit.
Pap.

SIGAPP/SAC 6732 3078 2.19 45.19 6.71 14.68
SIGIR 2313 1528 1.51 85.25 36.86 55.79

SIGMOD 2196 1098 2 103.92 47.32 94.65
SIGKDD/KDD 2172 1075 2.02 109.31 50.33 101.69

SIGCSE 1957 1143 1.71 23.06 11.78 20.17
SIGMETRICS 1053 449 2.35 31.20 29.63 69.49

SIGSPATIAL/GIS 1011 423 2.39 9.03 8.93 21.35
SIGACCESS/ASSETS 849 418 2.03 7.86 9.25 18.79

SIGUCCS 838 655 1.28 1.68 2 2.56
SIGCOMM 816 338 2.41 104.73 128.35 309.86

SIGMOBILE/MOBICOM 748 276 2.71 66.88 89.41 242.31
SIGecom 581 347 1.67 17.83 30.69 51.39
SIGITE 468 317 1.48 2.01 4.29 6.34
SIGDOC 460 316 1.46 3.04 6.61 9.62

SIGBio/BCB 394 123 3.2 0.29 0.74 2.37
SIGAda 169 135 1.25 0.71 4.21 5.27

All 20470 11719 1.75 611.99 29.9 52.22

Evaluation Ground-Truth. Ranking the researchers is a challenging task and
there is no world wide ranking for scientists in their research field. Nonetheless,
alternative ranks appeared in: Hirsch [12] used the Nobel prize winners and
Lima et al. [16] used grant receivers for Brazilian researchers. Likewise, we use
a ranking based on the recognition of contributions and/or innovations from
ACM (Association for Computing Machinery), such as the ACM Awards (given
by specifics SIGs) and the distinct member grades to recognize the professional
accomplishments of ACM’s members (fellow, distinguished and senior)4.

Evaluation Metrics. The validation process is to compare the ranking formed
by the 137 winners of ACM Awards against our index and the baselines. We
expect the winners appearing in the first positions of any ranking. For example,
a perfect top-50 ranking would be formed by 50 winners of ACM Awards. The
comparative metrics are defined as follows.

Ranking Comparison. To compare our metric to the baselines, we apply
Spearman’s rank correlation to analyze the rank positions [13], ρ, and Jaccard
distance to measure dissimilarity between two sets (intersection over union).
The main goal is to verify if our approach brings novelty, both in terms of new
researchers and new works, to ranking task.

Ranking Precision. To further investigate effectiveness, we use precision and
the discounted cumulative gain (DCG). The former is defined as the rate between
researchers’ relevance and number of rank positions n (precision@n). The latter
measures the ranking quality and applies a log-based discount factor to penalize
relevant items in lower positions. Formally, the DCG at position k is defined as
DCG@k =

∑k
i=1

2reli−1
log2(i+1) , where reli is the relevance of the item at the i -th

position [14].
The performance evaluation is presented from two perspectives. We analyze

the dissimilarities for tc-index and the baselines, and investigate if the tc-index
brings novelty to the rankings (Sect. 5). Then we validate it as to ranking relevant
researchers against the baselines (Sect. 6).

4 ACM memberships: http://awards.acm.org/grades-of-membership.cfm.

http://awards.acm.org/grades-of-membership.cfm
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Table 2. Spearman correlation of top
50 researchers: tc-index and h-index
(ρtch), tc-index and citation count
(ρtcc), h-index and citation count (ρhc).
Results in bold for strong and very
strong, in black for moderate value, and
shaded cells for weak correlation.

ρtch ρtcc ρhc
SIGAda 0.94 0.98 0.90

SIGCOMM 0.82 0.76 0.83
SIGUCCS 0.70 0.87 0.85

SIGMOBILE 0.68 0.61 0.49
SIGBio 0.67 1.00 0.67

SIGecom 0.55 0.75 0.49
SIGMOD 0.54 0.74 0.39
SIGAPP 0.47 0.71 0.63
SIGCSE 0.44 0.79 0.69
SIGITE 0.43 0.82 0.66
SIGKDD 0.42 0.89 0.41
SIGDOC 0.38 0.77 0.67

SIGSPATIAL 0.33 0.89 0.44
SIGMETRICS 0.31 0.71 0.28

SIGIR 0.26 0.80 0.54
SIGACCESS 0.20 0.95 0.23

Global 0.61 0.39 0.57

Table 3. Jaccard distance between 50
top-ranked researchers of tc-index and
h-index (T H), tc-index and citation
count (T C), and h-index and citation
count (HC).

T H T C HC
SIGAPP 0.64 0.56 0.78
SIGCSE 0.54 0.38 0.6

SIGUCCS 0.46 0.02 0.46
SIGITE 0.42 0.02 0.4

SIGSPATIAL 0.4 0.5 0.54
SIGIR 0.32 0.32 0.5

SIGACCESS 0.26 0.3 0.4
SIGDOC 0.26 0.18 0.38
SIGMOD 0.26 0.38 0.32
SIGKDD 0.22 0.42 0.46

SIGMETRICS 0.18 0.5 0.48
SIGecom 0.16 0.34 0.44

SIGMOBILE 0.12 0.62 0.68
SIGCOMM 0.08 0.44 0.5

SIGAda 0.06 0.04 0.04
SIGBio 0.04 0 0.04

Global 0.26 0.58 0.62

5 Analysis

This section presents a broad analysis of tc-index. First, we analyze the correla-
tion between its ranking and the baselines (Sect. 5.1) and discuss the dissimilar-
ities among top-ranked researchers (Sect. 5.2). We also analyze the publications
that contribute to each index (Sect. 5.3).

5.1 Global and Community Ranking Correlations

We quantify the correlations between the 50 top-ranked researchers according
to tc-index, h-index and citation count using the Spearman’s coefficient. We
analyze both the global researcher ranking, which considers all publications in
the dataset, as well as each SIG separately. Table 2 presents the results: correla-
tions in bold refer to strong and very strong (≥ 0.7), in black refer to moderate
(0.4 ≤ ρ < 0.7), and shaded refer to weak correlation value (ρ < 0.4).

On the global analysis (table’s last line), the correlation between tc-index and
h-index (ρtch) is moderate (0.61). It means that tc-index has a high agreement
in ranking positions with h-index, but brings new positioning to researchers in
the ranking (Sect. 6 further analyzes effectiveness). On the other hand, the cor-
relation between tc-index and citation (ρtcc) is just 0.39, whereas the correlation
between h-index and citation (ρhc) is 0.57 (close to tc and h indices).

Most correlation values ρtch for SIGs are moderate and weak, suggesting a
tendency of independence between tc and h indices. Exceptions are SIGAda and
SIGCOMM, with very strong ρtch values. SIGAda correlation can be explained
by its small number of researchers (169), which does not allows much space for
changes in the top-50 ranking. SIGCOMM strong value is due to the community
profile: the majority of works considered by h-index surpasses similar works in its
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own community. Considering tc-index and citation, most correlations are strong
and very strong. Such result is very interesting because the global correlation is
not valid for specific SIGs. Note that for global values, citation ranking is more
likely to present outliers (many citations received by few works).

Overall, tc-index differs from the baselines by bringing different positioning
and new researchers to the top-ranking. Hence, there is an independence between
tc and h indices in most of cases, and an independence between tc-index and
citation in the global context. Also, the results clearly show the differences and
peculiarities of each SIG according to the rankings and, thus, corroborate to a
complementary use of bibliometric indicators for a more complete analysis.

5.2 Ranking Similarities

In this section we verify if tc-index brings new researchers to its resulting ranking,
i.e., if the sets of researchers at the top rankings are dissimilar. Specifically, let
T be the set of 50 top-ranked researchers sorted by tc-index, H by h-index
and C by citation count. Table 3 shows their dissimilarity according to Jaccard.
As expected, most dissimilarities are low because the top-researchers tend to
have theirs works outperforming the others in each community. Note also that
there are 26 % different researchers between tc-index and h-index sets (T H) in
the global context, as well as more than 20 % for most SIGs. The dissimilarities
are bigger for comparisons against the citation count.

There are very low dissimilarities (less than 10 %) between tc-index and
h-index for SIGAda, SIGBio and SIGCOMM. Except for SIGCOMM, the dis-
similarities of these SIGs considering the citation count are lower, showing a
common behavior for all. Moreover, SIGAda and SIGBio have few reaserchers
(less than 400) and the Spearman correlation among all indices (as in the previ-
ous section) is very high for SIGAda and at least moderate for SIGBio. Consid-
ering SIGCOMM, in fact, there is a common behavior in the ranking by tc-index
and h-index. SIGCOMM is further discussed in the upcoming sections.

A peculiar case is SIGAPP with more than 50 % of dissimilarity for all
indices. SIGGAPP is the biggest community (6.7+ thousand researchers), but
such behavior is not noticeable in other large SIGs. One explanation is the SIG
structure, which has a large and diverse number of tracks and, hence, a non-
concentraded core of researchers (as those in specific-area SIGs).

5.3 Dissimilarities Between Index Contributing Publications

We now analyze the level of dissimilarity between the set of works that contribute
to tc-index and h-index scores, denoted by Wtc and Wh, respectively. Table 4
shows the Jaccard dissimilarities between sets Wtc and Wh for researchers who
are in the top-50 (R50), top-100 (R100) and complete (Rall) rankings. Dissimi-
larity tends to increase when more researchers are considered and consequently
more works contribute to indices values. Hence, in the global context, the dis-
similarities are 41 % for R50 and 92 % for R100. Such result is expected because
the better the researcher is, the more likely his/her works are to outperform the
others within the same community.
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Table 4. Jaccard distance (dissimilar-
ity) between sets formed by works con-
sidered in tc-index and h-index on: top
50, top 100, and for All researchers.

R50 R100 Rall
SIGBio 0.41 0.69 0.92
SIGAPP 0.67 0.74 0.89
SIGUCCS 0.58 0.61 0.89
SIGCSE 0.61 0.64 0.76
SIGITE 0.63 0.64 0.76
SIGAda 0.18 0.42 0.68
SIGIR 0.47 0.51 0.68

SIGSPATIAL 0.5 0.54 0.67
SIGDOC 0.42 0.49 0.66

SIGACCESS 0.4 0.46 0.63
SIGMOD 0.38 0.41 0.55
SIGKDD 0.39 0.43 0.54

SIGMETRICS 0.26 0.3 0.42
SIGecom 0.25 0.28 0.41

SIGCOMM 0.06 0.08 0.17
SIGMOBILE 0.12 0.09 0.14

Global 0.23 0.27 0.68

Table 5. Global ranking by tc-index
and relative positions on the baselines:
bold for the winners of ACM Awards
(by innovations and/or contributions),
� ACM fellow, ‡ ACM distinguished sci-
entist, † ACM senior member, ∗ winner
of test of time paper award.

tc-index h-index Citation
Jiawei Han� 1o 1o 12o

Scott Shenker*� 2o 4o 1o

Philip S. Yu� 3o 2o 13o

ChengXiang Zhai*‡ 4o 3o 18o

W. Bruce Croft*� 5o 6o 19o

Christos Faloutsos*� 6o 5o 17o

Wei-Ying Ma‡ 7o 7o 44o

Ion Stoica*� 8o 10o 2o

Zheng Chen† 9o 8o 56o

Hari Balakrishnan*� 10o 12o 4o

Surajit Chaudhuri� 11o 9o 85o

Jennifer Rexford� 12o 20o 55o

Dina Katabi*� 13o 32o 14o

Qiang Yang‡ 14o 23o 89o

Donald F. Towsley*� 15o 41o 137o

Except for SIGCOMM and SIGMOBILE, dissimilarities are large, and low
values respond to each community’s features. For example, researchers constantly
publish in the same SIGs and their works tend to have more impact when com-
pared to the other works published by their peers at the same year. Overall, there
are many cases of dissimilarity that reinforce the independence between tc-index
and h-index/citation. This means that tc-index may be used as a complementary
measure for broadly understanding researchers’ productivity.

6 Experimental Validation

After comparing tc-index to h-index and citation count, we now validate tc-index
against a ground truth composed by award winning researchers. We consider the
accuracy of the global ranking (all 16 SIGs) and the representativeness of SIGs.

6.1 Global Ranking

This set of experiments is divided in two parts. First, we consider the 20,470
researchers from all 16 SIGs and their global rankings. Then, we consider the
137 winners of the ACM Awards given by the SIGs.

Evaluating top-rank researchers. We rank 20,470 researchers (16 SIGs) with
tc-index and baselines. We then contrast the top-positions to the winners of
ACM SIG Awards and ACM member distinctions in Table 5. Note that tc-index
ranks Jiawei Han at the first position. Likewise, h-index also ranks him at the
first position, whereas citation count ranks him at 10th position. A more subtle
finding is that tc-index ranks 6 (40 %) winners of ACM SIG awards, 11 (73 %)
ACM fellow members, 3 (20 %) ACM distinguished scientists, 1 (6.7 %) ACM
senior member, and 8 (53 %) winners of test of time paper award.
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Fig. 2. Comparison among h-index, citation count and tc-index rankings by preci-
sion@k (left) and nDCG@k (right).

Another interesting difference is that the top-15 researchers according to
tc-index are placed between the [1st, 41st] positions according to h-index, and
between [1st, 137th] positions according to the citation count ranking. Likewise,
there is a significant overlap between the top-10 researchers by tc-index and
h-index (although in a slightly different order). Another large difference is given
to Donald F. Towsley ranking positions: 15th by tc-index, 41st by h-index and
137th by citation count. This case suggests that tc-index is able to capture rele-
vant information apparently ignored by both h-index and citation count.

Ranking winners of ACM SIG Awards. We now analyze ranking the 137
ACM award winners. We expect the winners to appear in the first positions of
any ranking (i.e., a perfect top-50 rank would be formed by 50 award winners).
Figure 2 compares the ranking produced by tc-index to those by h-index and cita-
tion in terms of attained precision@k (Fig. 2 left) and nDCG@k (Fig. 2 right).
For precision, tc-index outperforms (slightly) or ties with h-index up to k = 7
and there are variations within the last positions. However, precision gives the
same weight to everybody in the rank. For example, in precision@25, a relevant
researcher at 1st and in 25th positions have the same importance. Nonetheless,
our goal is to get the relevant researchers in the first positions. Then, nDCG com-
plements such analysis by giving logarithmic penalties to researchers according
to their position. Now, tc-index consistently outperforms both h-index and cita-
tion; with the exception of nDCG@1 in which all metrics are equal. Both h-index
and citation have worse results because they rank relevant researchers in lower
positions. Overall, tc-index successfully measures the impact of researchers’ con-
tributions and identifies outstanding researchers in their communities.

6.2 Community-Based Ranking

We now divide the rankings according to theirs SIGs (i.e., we rank the researchers
within each SIG individually). Table 6 shows the top-10 rankings provided by
tc-index and their related positions for h-index and citation. Overall, tc-index
produces top-10 rankings that include 40 % (SIGKDD) and 20 % (SIGCOMM,
SIGIR and SIGMOD) of ACM Award winners, and 70 % (SIGCOMM) and 20 %
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Table 6. Community rankings by tc-index and the positions in h-index (H) and cita-
tion count rankings. In bold, the winners of ACM Awards (by innovations and/or
contributions). � ACM fellow. ‡ ACM distinguished scientist. † ACM senior member.
∗ Winner of test of time paper award.

SIGKDD SIGCOMM SIGIR SIGMOD
no tc-index H Cit. tc-index H Cit. tc-index H Cit. tc-index H Cit.
1 Jiawei Han� 1o 3o Scott Shenker*� 1o 1o W. B. Croft*� 1o 1o S. Chaudhuri� 1o 16o

2 C. Faloutsos� 2o 2o Ion Stoica*� 2o 2o C. Zhai*‡ 2o 2o Alon Y. Halevy� 4o 4o

3 Philip S. Yu� 3o 9o Dina Katabi*� 3o 11o Wei-Ying Ma‡ 3o 6o M. Garofalakis‡† 5o 12o

4 E. J. Keogh 7o 10o H. Balakrishnan*� 4o 4o S. T. Dumais� 4o 3o H. V. Jagadish� 12o 36o

5 J. Kleinberg*� 19o 1o Ratul Mahajan* 5o 14o Qiang Yang‡ 10o 10o Samuel Madden* 8o 1o

6 Bing Liu* 10o 5o G. Varghese� 6o 15o Hang Li 11o 13o Philip S. Yu� 17o 3o

7 I. S. Dhillon� 15o 8o Sylvia Ratnasamy* 7o 6o Tie-Yan Liu† 17o 11o J. F. Naughton*� 13o 6o

8 P. Smyth� 11o 26o Srinivasan Seshan 8o 17o Hua-Jun Zeng 37o 9o Kian-Lee Tan 11o 26o

9 Jian Pei† 4o 27o Jennifer Rexford� 9o 21o James Allan 5o 19o Divesh Srivastava� 6o 13o

10 C. Zhai‡ 16o 29o Paul Francis* 13o 9o C. L. A. Clarke 6o 20o Dimitris Papadias 9o 15o

(SIGKDD, SIGIR and SIGMOD) of test of time award. For instance, Jon M.
Kleinberg (SIGKDD) is 15th by tc-index and 19th by h-index, whereas H.V.
Jagadish (SIGMOD) is 4th by tc-index and 12nd by h-index. Regarding the
number of citations, Jon M. Kleinberg is ranked at first, but the advantage of
citation count is not noticed for the remaining winners.

Moreover, both tc-index and h-index have a perfect match for the first nine
positions of SIGCOMM. For other SIGs, the top-10 ranked by tc-index are placed
between the [1st, 19th] (SIGKDD), [1st, 13rd] (SIGCOMM), [1st, 37th] (SIGIR),
and [1st, 17th] (SIGMOD) by h-index rankings. Ranges for citation rankings are
even broader for all cases, mostly because its sensitivity to few works with many
citations. Also, one of the most discrepant case is H. V. Jagadish, who is placed
in 4th by tc-index, 12nd by h-index and 36th by citation. Finally, except for
SIGCOMM, the results show diversity in the top rankings, which reinforces the
complementary use of tc-index for a more complete analysis.

6.3 Representativeness of SIGs

Finally, we investigate the presence of researchers from specific SIGs in the global
rank context. Hence, we count the number of researchers in a 202 (of a total
of 20,470 researchers) top-rank according with each SIG5. The link researcher-
SIG exists if the author has at least one work published there. For instance,
if a researcher has twenty publications in SIGMOD and one in SIGKDD, then
he/she contributes to both SIGs (independent of the number of publications).

Table 7 shows the number of authors in the global ranking according with
each SIG. For instance, SIGACCESS has 5 researchers at global ranking for tc-
index, 4 for h-index and no one for citation. In general, tc-index has a more demo-
cratic presence in the global ranking with 460 counts, whereas h-index has 449
and citation has 407. Also, there are at least 29 counts in all metrics for researchers
from SIGCOMM, SIGIR, SIGKDD, SIGMETRICS, SIGMOBILE and SIGMOD.
Nonetheless, tc-index is the only that includes at least one researcher from all

5 We consider the first 202 researchers because at position 202nd, there is at least one
representative from each SIG according to at least one metric.
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Table 7. Number of researchers from each SIG in the 202 top-ranked for a global
context for tc-index (T ), h-index (H) and citation (C).

T H C
SIGKDD 90 91 65
SIGMOD 87 93 75

SIGIR 64 84 44
SIGCOMM 55 39 76

SIGMETRICS 50 38 46
SIGMOBILE 36 29 68

SIGAPP 22 30 9
SIGecom 19 14 13

SIGSPATIAL 15 15 5
SIGCSE 8 6 4

SIGACCESS 5 4 0
SIGBio 3 4 2

SIGDOC 3 2 0
SIGAda 1 0 0
SIGITE 1 0 0

SIGUCCS 1 0 0

Sum 460 449 407

SIGs; whereas h-index does not include researchers from SIGAda, SIGITE and
SIGUCCS, and citation the same ones plus SIGACCESS and SIGDOC. These
results imply that tc-index, by considering the same year-base community, can
capture the impact of researchers from different SIGs better than h-index and cita-
tion. Also, tc-index has the largest representativeness and, hence, the community
concept brings a more diverse set of researchers in the top ranks.

7 Concluding Remarks

We have proposed a new productivity index that emphasizes the venue and the
year of the publication, exploiting community aspects of research work. Our
main findings are summarized as: tc-index differs from the baselines by bringing
new positioning and researchers to the top-ranking; there is an independence
between tc and h indices in most cases for SIGs analysis, and an independence
between tc-index and citation in the global context; tc-index captures differ-
ences and peculiarities of each SIG according to the rankings, corroborating a
complementary use of bibliometric indicators for a more in depth analysis; and
tc-index has the largest SIGs representativeness, bringing a more diverse set of
researchers to the top rankings. Furthermore, extending our approach to consid-
ering other digital libraries and analyzing other research communities should be
straightforward.

For digital libraries, our work contributes in showing the potential for explor-
ing their contents to acquire new knowledge from community-based analysis. In
the future, we expect to add features as tc-index to existing academic-oriented
systems that work over scientific digital libraries.
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Abstract. Web archives have become a significant repository of our
recent history and cultural heritage. Archival integrity and accuracy is a
precondition for future cultural research. Currently, there are no quan-
titative or content-based tools that allow archivists to judge the quality
of the Web archive captures. In this paper, we address the problems of
detecting off-topic pages in Web archive collections. We evaluate six dif-
ferent methods to detect when the page has gone off-topic through subse-
quent captures. Those predicted off-topic pages will be presented to the
collection’s curator for possible elimination from the collection or cessa-
tion of crawling. We created a gold standard data set from three Archive-
It collections to evaluate the proposed methods at different thresholds.
We found that combining cosine similarity at threshold 0.10 and change
in size using word count at threshold −0.85 performs the best with accu-
racy = 0.987, F1 score = 0.906, and AUC = 0.968. We evaluated the
performance of the proposed method on several Archive-It collections.
The average precision of detecting the off-topic pages is 0.92.

Keywords: Archived collections · Experiments · Analysis · Document
filtering

1 Introduction

The Internet Archive [1] (IA) is the largest and oldest of the various Web
archives, holding over 400 billion Web pages with archives as far back as 1996 [2].
Archive-It1 is a collection development service operated by the Internet Archive
since 2006. Archive-It is currently used by over 340 institutions in 48 states, and
features over 9B archived Web pages in nearly 2800 separate collections.

Archive-It provides their partners with tools that allow them to build themed
collections of archived Web pages hosted at Archive-It. This is done by the user
manually specifying a set of seeds, Uniform Resource Identifiers (URIs) that
should be crawled periodically (the frequency is tunable by the user), and to what
depth (e.g., follow the pages linked to from the seeds two levels out). Archive-It
also creates collections of global events under the name Internet Archive Global
Events. The seed URIs are manually collected by asking people to nominate URIs
that are related to these events, or are selected by the collection’s curator(s).
1 https://archive-it.org/.

c© Springer International Publishing Switzerland 2015
S. Kapidakis et al. (Eds.): TPDL 2015, LNCS 9316, pp. 225–237, 2015.
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The Heritrix [3] crawler at Archive-It crawls/recrawls these seeds based on
the predefined frequency and depth to build a collection of archived Web pages
that the curator believes best exemplifies the topic of the collection. Archive-It
has deployed tools that allow a collection’s curators to perform quality control
on their crawls. However, the tools are currently focused on issues such as the
mechanics of HTTP (e.g., how many HTML files vs. PDFs and how many 404
missing URIs) and domain information (e.g., how many .uk sites vs. .com sites).
Currently, there are no content-based tools that allow curators to detect when
seed URIs go off-topic.

In this paper, we evaluate different approaches for detecting off-topic pages in
the archives. The approaches depend on comparing versions of the pages through
time. Three methods depend on the textual content (cosine similarity, intersec-
tion of the most frequent terms, and Jaccard coefficient), one method uses the
semantics of the text (Web-based kernel function using a search engine), and two
methods use the size of pages (the change in number of words and the content
length). For evaluation purposes, we built our gold standard data set from three
Archive-It collections, then we employed the following performance measure-
ments: accuracy, F1 score, and area under the ROC curve (AUC). Experimental
results show that cosine similarity at the 0.15 threshold is the most effective sin-
gle method in detecting the off-topic pages with 0.983 accuracy. We paired several
of the methods and found that the best performing combined method across the
three collections is cosine at threshold 0.10 with word count at threshold −0.85.
Cosine and word count combined improved the performance over cosine alone
with a 3 % increase in the F1 score, 0.7 % increase in AUC, and 0.4 % increase in
accuracy. We then used this combined method and evaluated the performance
on a different set of Archive-It collections. Based on manual assessment of the
detected off-topic pages, the average precision of the proposed technique for the
tested collections is 0.92.

2 Motivating Example

We can define off-topic pages as the web pages that have changed through time
to move away from the initial scope of the page. There are multiple reasons for
pages to go off-topic, such as hacking, loss of account, domain expiration, owner
deletion, or server/service discontinued [4]. Expired domains should return a
404 HTTP status that will be caught by Archive-It quality control methods.
However, some expired domains may be purchased by spammers who desire all
the incoming traffic that the site accrued while it was “legitimate”. In this case,
the Web page returns a 200 HTTP response but with unwanted content [5].

Figure 1 shows a scenario of a page going off-topic for several reasons. In
May 2012, http://hamdeensabahy.com, which belonged to a candidate in Egypt’s
2012 presidential election, is originally relevant to the “Egypt Revolution and
Politics” collection (Fig. 1(a)). Then, the page went back and forth between on-
topic and off-topic many times for different reasons. Note that there are on-topic
pages between the off-topic ones in Fig. 1. In the example, the site went off-topic

http://hamdeensabahy.com
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(a) May 13, 2012: The page

started as on-topic.

(b) May 24, 2012: Off-topic

due to a database error.

(c) June 5, 2014: The site has

been hacked.

Fig. 1. A site for one of the candidates from Egypt’s 2012 presidential election.

because of a database error on May 24, 2012 (Fig. 1(b)), then it returned on-
topic again. After that, the page went off-topic between late March 2013 and
early July 2013. The site went on-topic again for a period of time, then it was
hacked (Fig. 1(c)), and then the domain was lost by late 2014. Today, http://
hamdeensabahy.com is not available on the live Web.

The web page http://hamdeensabahy.com has 266 archived versions, or
mementos. Of these, over 60 % are off-topic. While it might be useful for histo-
rians to track the change of the page in Web archives (possibly the hacked ver-
sion is a good candidate for historians), the 60 % off-topic mementos such as the
ones in Fig. 1(b)-(c) do not contribute to the Egypt Revolution collection in the
same way that the on-topic archived Web site in Fig. 1(a) does. Although the for-
mer can be kept in the IA’s general Web archive, it is a candidate to be purged
from the Egyptian Revolution collection, or at the very least it should not be con-
sidered when summarizing the collection. Sites like http://hamdeensabahy.com
that currently are not available on the live Web do not contribute to the collec-
tion, and assisting curators to identify and remove such pages is the focus of this
paper.

3 Background

Despite the fact that Web archives present a great potential for knowledge dis-
covery, there has been relatively little research that is explicitly aimed at mining
content stored in Web archives [6]. In this section, we highlight the research that
has been conducted on mining the past Web. First we define the terminology
that will be adopted throughout the rest of the paper.

3.1 Memento Terminology

Memento [7] is an HTTP protocol extension which enables time travel on the
Web by linking the current resources with their prior state. Memento defines sev-
eral terms that we will use throughout. A URI-R identifies the original resource.
It is the resource as it used to appear on the live Web. A URI-R may have 0

http://hamdeensabahy.com
http://hamdeensabahy.com
http://hamdeensabahy.com
http://hamdeensabahy.com
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Table 1. Description of the Archive-It collections, including manual labeling of on and
off-topic URI-Ms.

Collection Name Occupy Movement
2011/2012

Egypt Revolution
and Politics

Human Rights

Collection ID 2950 2358 1068

Curator Internet Archive
Global Events

American
University in
Cairo

Columbia
University
Libraries

Time span 12/03/2011-
10/09/2012

02/01/2011-
04/18/2013

05/15/2008-
03/21/2013

Total URI-Rs 728 182 560

Total URI-Ms 21,268 18,434 6,341

Sampled URI-Rs 255 (35 %) 136 (75 %) 198 (35%)

Sampled URI-Ms 6,570 6,886 2,304

Off-topic URI-Ms 458 (7 %) 384 (9 %) 94 (4%)

URI-Rs with off-topic
URI-Ms

67 (26 %) 34 (25 %) 33 (17%)

or more mementos (URI-Ms). A URI-M identifies an archived snapshot of the
URI-R at a specific datetime, which is called Memento-Datetime, e.g., URI-
M i =URI-R@ti. A URI-T identifies a TimeMap, a resource that provides a list
of mementos (URI-Ms) for a URI-R with their Memento-Datetimes

3.2 Related Work

Mining the past Web is different from Web content mining because of the tempo-
ral dimension of the archived content [6,8]. Despite nearly two decades of Web
history, there has not been much research conducted for mining Web archive
data. The benefit of utilizing the Web archives for knowledge discovery has been
discussed many times [6,9,10]. Below, we outline some of the approaches that
have been used for mining the past Web using data in Web archives.

Jatowt and Tanaka [6] discussed the benefits of utilizing the content of the
past Web for knowledge discovery. They discussed two mining tasks on Web
archive data: temporal summarization and object history detection. They also
presented different measures for analyzing the historical content of pages over a
long time frame for choosing the important versions to be mined. They used a
vector representation for the textual content of page versions using a weighting
method, e.g., term frequency. They presented a change-detection algorithm for
detecting the change in the past versions of a page through time. In a later study,
Jatowt et al. [11] proposed an interactive visualization system called Page His-
tory Explorer (PHE), an application for providing overviews of historical content
of pages and also exploring their histories. They used change detection algorithms
based on the content of archived pages for summarizing the historical content
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of the page to present only the active content to users. They also extended the
usage of term clouds for representing the content of the archived pages.

Francisco-Revilla et al. [12] described the Walden’s Paths Path Manager
system, which checks a list of Web pages for relevant changes using document
signatures of paragraphs, headings, links, and keywords. Ben Saad et al. [13]
claimed that using patterns is an effective way to predict changes, and then
used this prediction to optimize the archiving process by crawling only important
pages.

Spaniol and Weikum used Web archive data to track the evolution of entities
(e.g., people, places, things) through time and visualize them [14]. This work is
a part of the LAWA project (Longitudinal Analytics of Web Archive data), a
focused research project for managing Web archive data and performing large-
scale data analytics on Web archive collections. Jatowt et al. [10] also utilized the
public archival repositories for automatically detecting the age of Web content
through the past snapshots of pages.

Most of the previous papers used the change of web pages for optimizing the
crawl or visualization. Despite the existence of crawl quality tools that focus on
directly measurable things like MIME types, response codes, etc., there are no
tools to assess if a page has stayed on-topic through time. The focus of this paper
is assisting curators in identifying the pages that are off-topic in a TimeMap, so
these pages can be excluded from the collections.

4 Data Set

In this section we describe our gold standard dataset. We evaluate our tech-
niques using the ODU mirror of Archive-It’s collections. ODU has received a
copy of the Archive-It collections through April 2013 in Web ARchive file for-
mat (WARC) [15]. The three collections in our dataset differ in terms of the
number of URI-Rs, number of URI-Ms, and time span over which the Web
pages have been archived (ending in April 2013). The three collections, which
include pages in English, Arabic, French, Russian, and Spanish, are described
below. The details are provided in Table 1.

Occupy Movement 2011/2012 covers the Occupy Movement protests and
the international branches of the Occupy Wall Street movement.

Egypt Revolution and Politics covers the January 25th Egyptian Revolution
and Egyptian politics, contains different kinds of Web sites (e.g., social media,
blogs, news, etc.).

Human Rights covers documentation and research about human rights that
has been created by non-governmental organizations, national human rights
institutions, and individuals.

We randomly sampled 588 URI-Rs from the three collections (excluding URI-
Rs with only one memento). Together, the sampled URI-Rs had over 18,000
URI-Ms, so for each of the sampled URI-Rs, we randomly sampled from their
URI-Ms. We manually labeled these 15,760 mementos as on-topic or off-topic.
The bottom portion of Table 1 contains the results of this labeling.
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5 Research Approach

In this section, we explain the methodology for preparing the data set and then
the methodology for applying different measures to detect the off-topic pages.

5.1 Data Set Preprocessing

We applied the following steps to prepare the gold standard data set: (1) obtain
the seed list of URIs from the front-end interface of Archive-It, (2) obtain the
TimeMap of the seed URIs from the CDX file2, (3) extract the HTML of the
mementos from the WARC files (hosted at ODU), (4) extract the text of the
page using the Boilerpipe library [16], and (5) extract terms from the page, using
scikit-learn [17] to tokenize, remove stop words, and apply stemming.

5.2 Methods for Detecting Off-Topic Pages

In this section, we use different similarity measures between pages to detect
when the aboutness(URI-R) over time changes and to define a threshold that
separates the on-topic and the off-topic pages.

Cosine similarity. Cosine similarity is one of the most commonly used similar-
ity measures in information retrieval. After text preprocessing, we calculated the
TF-IDF, then we applied cosine similarity to compare the aboutness(URI-R@t0)
with aboutness(URI-R@t).

Jaccard similarity coefficient. The Jaccard similarity coefficient is the size of
the intersection of two sets divided by the size of their union. After preprocessing
the text (step 5), we apply the Jaccard coefficient on the resulting terms to
specify the similarity between the URI-R@t and URI-R@t0.

Intersection of the most frequent terms. Term frequency (TF) refers to
how often a term appears in a document. The aboutness of a document can
be represented using the top-k most frequent terms. After text extraction, we
calculated the TF of the text URI-R@t, and then compared the top 20 most
frequent terms of the URI-R@t with the top 20 most frequent terms of the
URI-R@t0. The size of the intersection between the top 20 terms of URI-R@t
and URI-R@t0 represents the similarity between the mementos. We name this
method TF-Intersection.

Web-based kernel function. The previous methods are term-wise similarity
measures, i.e., they use lexicographic term matching. But these methods may
not suitable for archived collections with a large time span or pages that contain
a small amount of text. For example, the Egyptian Revolution collection is from
February 2011 until April 2013. Suppose a page in February 2011 has terms
like “Mubarak, Tahrir, Square” and a page in April 2013 has terms like “Morsi,
Egypt”. The two pages are semantically relevant to each other, but term-wise
2 http://archive.org/web/researcher/cdx file format.php.

http://archive.org/web/researcher/cdx_file_format.php
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the previous methods might not detect them as relevant. With a large evolu-
tion of pages through a long period of time, we need a method that focuses on
the semantic context of the documents. The work by Sahami and Heilman [18]
inspired us to augment the text of URI-R@t0 with additional terms from the
web using a search engine to increase its semantic context. This approach is
based on query expansion techniques, which have been well-studied in informa-
tion retrieval [19]. We used the contextually descriptive snippet text returned
with results from the Bing Search API. We call this method “SEKernel”.

We augment the terms of URI-R@t0 with semantic context from the search
engine as follows:

1. Format a query q from the top 5 words of the first memento (URI-R@t0).
2. Issue q to the search engine SE.
3. Extract the terms p from the top 10 snippets returned for q.
4. Add the terms of the snippets p to the terms of the original text of the first

memento to have a new list of terms, ST = p∪URI-R@t0.
5. ∀t ≥ 1, calculate the Jaccard coefficient between the expanded document ST

and the terms of URI-R@t.

If we apply this method on the previous example, we use terms “Mubarak,
Tahrir, Square” as search keywords to generate semantic context. The resulting
snippet will have new terms like “Egypt, President”, which term-wise overlaps
with the page that contains “Morsi, Egypt”.

Change in size. We noticed that the size of off-topic mementos are often much
smaller in size than the on-topic mementos. We used the relative change in size
to detect when the page goes off-topic. The relative change of the page size can
be represented by the content length or the total number of words (e.g., egypt,
tahrir, the, square) in the page. For example, assume URI-R@t0 contains 100
words and URI-R@t contains 5 words. This represents a 95 % decrease in the
number of words between URI-R@t0 and URI-R@t.

We tried two methods for measuring the change in size: the content length
(bytes) and the number of words (WordCount). Although using the content
length, which can be extracted directly from the headers of the WARC files,
saves the steps of extracting the text and tokenization, it fails to detect when
the page goes off-topic in the case when the page has little to no textual content
but the HTML forming the page template is still large. There are many cases
where the page goes off-topic and the size of the page decreases or in some
cases reaches 0 bytes, e.g., the account is suspended, transient errors, or no
content in the page. One of the advantages of using the structural-based methods
over the textual-based methods is that structural-based methods are language
independent. Many of the collections are multi-lingual, and each language needs
special processing. The structural methods are suitable for those collections.
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Table 2. Evaluating the similarity approaches, averaged over the three collections.

Similarity Measure Threshold FP FN FP+FN ACC F1 AUC

Cosine 0.15 31 22 53 0.983 0.881 0.961

WordCount −0.85 6 44 50 0.982 0.806 0.870

SEKernel 0.05 64 83 147 0.965 0.683 0.865

Bytes −0.65 28 133 161 0.962 0.584 0.746

Jaccard 0.05 74 86 159 0.962 0.538 0.809

TF-Intersection 0.00 49 104 153 0.967 0.537 0.740

Cosine|WordCount 0.10|−0.85 24 10 34 0.987 0.906 0.968

Cosine|SEKernel 0.10|0.00 6 35 40 0.990 0.901 0.934

WordCount|SEKernel −0.80|0.00 14 27 42 0.985 0.818 0.885

6 Evaluation

In this section, we define how we evaluate the methods presented in Sect. 5.2 on
our gold standard data set. Based on these results, we define a threshold th for
each method for when a memento becomes off-topic.

6.1 Evaluation Metrics

We used multiple metrics to evaluate the performance of the similarity measures.
We considered false positives (FP), the number of on-topic pages predicted as
off-topic; false negatives (FN), the number of off-topic pages predicted as on-
topic; accuracy (ACC), the fraction of the classifications that are correct; F1

score (also known as F-measure), the weighted average of precision and recall;
and the ROC AUC score (AUC), a single number that computes the area under
the receiver operating characteristic curve [20].

6.2 Results

We tested each method with 21 thresholds (378 tests for three collections) on
our gold standard data set to estimate which threshold for each method is able
to separate the off-topic from the on-topic pages. In order to determine the best
threshold, we used the evaluation metrics described in the previous section. To
say that URI-R@t is off-topic at th = 0.15 means that the similarity between
URI-R@t and URI-R@t0 is < 0.15. On-topic means the similarity between URI-
R@t and URI-R@t0 is ≥ 0.15.

For each similarity measure, there is an upper bound and lower bound for
the value of similarity. For Cosine, TF-Intersection, Jaccard, and SEKernel, the
highest value is at 1 and the lowest value is at 0. A similarity of 1 represents a
perfect similarity, and 0 similarity represents that there is no similarity between
the pages. The word count and content length measures can be from −1 to +1.
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The negative values in change of size measures represent the decrease in size,
so -1 means the page has a 100 % decrease from URI-R@t0. When the change
in size is 0 that means there is no change in the size of the page. We assume
that a large decrease in size between URI-R@t and URI-R@t0 indicates that the
page might be off-topic. Therefore, if the change in size between URI-R@t and
URI-R@t0 is less than −95 %, that means URI-R@t is off-topic at th = −95%.

Table 2 contains the summary of running the similarity approaches on the
three collections. The table shows the best result based on the F1 score at the
underlying threshold measures averaged on all three collections. From the table,
the best performing measure is Cosine with average ACC = 0.983, F1 = 0.881,
and AUC = 0.961, followed by WordCount. Using SEKernel performs better
than TF-Intersection and Jaccard. Based on the F1 score, we notice that TF-
Intersection and Jaccard similarity are the least effective methods.

There was consistency among the values of th with the best performance
of TF-Intersection, Jaccard, and SEKernel methods for the three collections,
e.g., for all the collections, the best performance of the SEKernel method is at
th = 0.05. However, there was inconsistency among the values of th with the best
performance for each collection for Cosine, WordCount, and Bytes measures. For
the methods with inconsistent threshold values, we averaged the best thresh-
olds of each collection. For example, the best th values of Cosine for Occupy
Movement collection, Egypt Revolution collection, and Human Rights collection
are 0.2, 0.15, 0.1 respectively. We took the average of the three collections at
th = 0.2, th = 0.15, and th = 0.1, then based on the best F1 score, we specified
the threshold that has the best average performance.

Specifying a threshold for detecting the off-topic pages is not easy due to
differences in the nature of the collections. For example, long running collections
such as the Human Rights collection (2009–present) have more opportunities for
pages to change dramatically, while staying relevant to the collection. There is
more research to be done in exploring the thresholds and methods. We plan to
investigate different methods on larger sets of labeled collections, so that we can
specify the features that affect choosing the value of the threshold.

6.3 Combining the Similarity Measures

We tested 6,615 pairwise combinations (15 method combinations ×21×21 thresh-
old values). A page was considered off-topic if either of the two methods declared
it off-topic. Performance results of combining the similarity approaches are pre-
sented in the bottom portion of Table 2. We present the three best average
combinations of the similarity measures based on F1 score and AUC. Perfor-
mance increases with combining Cosine and WordCount (Cosine|WordCount)
at th = 0.1| − 0.85. There is a 36 % decrease in errors (FP+FN) than the best
performing single measure, Cosine. Furthermore, Cosine|WordCount has a 3 %
increase in the F1 score over Cosine. Cosine|SEKernel at th = 0.1|0.0 has a 2 %
increase in F1 over Cosine, while WordCount|SEKernel at th = −0.80|0.00 has
lower performance than Cosine.
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In summary Cosine|WordCount gives the best performance at th = 0.1|−0.85
across all the single and combined methods. Moreover, combining WordCount
with Cosine does not cause much overhead in processing, because WordCount
uses tokenized words and needs no extra text processing.

Table 3. The results of evaluating Archive-It collections through the assessment of the
detected off-topic pages using Cosine|WordCount methods at th = 0.10| − 0.85.

Collection ID Time Span URI-Rs URI-Ms Affected TP FP P

URI-Rs

Global Food Crisis 2893 10/19/2011-10/24/2012 65 3,063 7 22 0 1.00

Government in Alaska 1084 12/01/2006-04/13/2013 68 506 4 16 0 1.00

Virginia Tech Shootings 2966 12/08/2011-01/03/2012 239 1,670 2 24 0 1.00

Wikileaks 2010 Document

Release Collection

2017 07/27/2010-08/27/2012 35 2,360 8 107 0 1.00

Jasmine Revolution -

Tunisia 2011

2323 01/19/2011-12/24/2012 231 4,076 31 107 7 0.94

IT Historical Resource

Sites

1827 2/23/2010-10/04/2012 1,459 10,283 34 45 14 0.76

Human Rights

Documentation

Initiative

1475 04/29/2009-10/31/2011 147 1,530 20 39 15 0.72

Maryland State Document

Collection

1826 03/04/2010-12/03/2012 69 184 0 - - -

April 16 Archive 694 05/23/2007-04/28/2008 35 118 0 - - -

Brazilian School Shooting 2535 04/09/2011-04/14/2011 476 1,092 0 - - -

Russia Plane Crash Sept

7,2011

2823 09/08/2011-09/15/2011 65 447 0 - - -

7 Evaluating Archive-It Collections

We applied the best performing method (Cosine|WordCount) with the suggested
thresholds (0.1| − 0.85) on unlabeled Archive-It collections. We chose different
types of collections, e.g., governmental collections (Maryland State Document Col-
lection, Government in Alaska), event-based collections (Jasmine Revolution-
Tunisia 2011, Virginia Tech Shootings), and theme-based collections (Wikileaks
2010 Document Release Collection, Human Rights Documentation Initiative).
Table 3 contains the details of the 11 tested collections. We extracted the tested
collections from the ODU mirror of Archive-It’s collections. The number of URI-
Rs in the table represents those URI-Rs with more than one memento.

The results of evaluating Cosine|WordCount are shown in Table 3. For the
reported results for each TimeMap for each method, we manually assessed the FP
and TP and then calculated the precision P = TP/(TP + FP ). We cannot com-
pute recall since we cannot know how many off-topic mementos were not detected
(FN). Precision is near 1.0 for five collections. Precision = 0.72 for the “Human
Rights Documentation” collection, with 15 FP. Those 15 URI-Ms affected three
TimeMaps. An example of one of the affected TimeMaps (https://wayback.
archive-it.org/1475/*/http://www.fafg.org/) contains 12 FPs. The reason is that
the home page of the site changed and newer versions use Adobe Flash. The 14

https://wayback.archive-it.org/1475/
https://wayback.archive-it.org/1475/
http://www.fafg.org/
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FPs from the “IT Historical Resource Sites” collection affected 5 URIs because
the content of the pages changed dramatically through time. There are four col-
lections that have no reported off-topic pages. Two of these collections, “Brazil-
ian School Shooting” and “Russia Plane Crash”, span only one week, which is
typically not enough time for pages to go off-topic. The third collection with no
detected off-topic mementos is the “Maryland State Document” collection. Per-
haps this collection simply had well-chosen seed URIs.

In summary, Cosine|WordCount at th = 0.1| − 0.85 performed well on
Archive-It collections with average P = 0.92. Studying the FP cases has given
us an idea about the limitations of the current approach, such as detecting
URIs with little to no textual content or URIs whose topics change significantly
through time.

8 Conclusions and Future Work

In this paper, we present approaches for assisting the curator in identifying off-
topic mementos in the archive. We presented six methods for measuring similar-
ity between pages: cosine similarity, Jaccard similarity, intersection of the most
20 frequent terms, Web-based kernel function, change in number of words, and
change in content length. We tested the approaches on three different labeled
subsets of collections from Archive-It. We found that of the single methods, the
cosine similarity measure is the most effective method for detecting the off-topic
pages at th = 0.15. The change in size based on the word count comes next
at th = −0.85. We also found that adding semantics to text using SEKernel
enhanced the performance over Jaccard. We combined the suggested methods
and found that, based on the F1 score and the AUC, Cosine|WordCount at
th = 0.10|−0.85 enhances the performance to have the highest F1 score at 0.906
and the highest AUC at 0.968. We tested the selected thresholds and methods on
different Archive-It collections. We tested the performance of Cosine|WordCount
at th = 0.10| − 0.85 by applying them on 11 Archive-It collections. We man-
ually assessed the relevancy of the detected off-topic pages and found that
the average precision = 0.92. In summary, evaluating the suggested approach,
Cosine|WordCount at th = 0.10| − 0.85, for detecting the off-topic pages in the
archives has shown good results with 0.92 precision. The presented approach
will help curators to judge their crawls and also will obviate users from getting
unexpected content when they access archived pages.

This is a preliminary investigation of automatically detecting the off-topic
pages from web archives. There is more research to be done in exploring the
thresholds and methods. For example, the nature of collection, such as the time
span, might affect choosing the threshold. Users will be able to adjust the meth-
ods and thresholds as command-line parameters. The code and gold standard
data set are available at https://github.com/yasmina85/OffTopic-Detection.

Our future work will continue to improve detection by using larger data sets
and more collections with different features. The methods presented here detect
off-topic pages within the context of a single TimeMap. The next step is to

https://github.com/yasmina85/OffTopic-Detection
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compute a model of the topic of the collection, in part to more easily detect
seeds that begin off-topic.
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Abstract. The ever growing number of textual historical collections
calls for methods that can meaningfully connect and explore these. Dif-
ferent collections offer different perspectives, expressing views at the time
of writing or even a subjective view of the author. We propose to con-
nect heterogeneous digital collections through temporal references found
in documents as well as their textual content. We evaluate our approach
and find that it works very well on digital-native collections. Digitized
collections pose interesting challenges and with improved preprocess-
ing our approach performs well. We introduce a novel search interface
to explore and analyze the connected collections that highlights differ-
ent perspectives and requires little domain knowledge. In our approach,
perspectives are expressed as complex queries. Our approach supports
humanity scholars in exploring collections in a novel way and allows for
digital collections to be more accessible by adding new connections and
new means to access collections.

1 Introduction

A huge amount of digital material has become available to study our recent
history, ranging from digitized newspapers and books to, more recently, web
pages about people, places and events. Each collection has a different perspective
on what happened and this perspective depends partly on the medium, time and
location of publication. For example, Lensen [10] analyses two contemporary
novels about the second World War and shows that the writers have a different
attitude towards the war than previous generations when it comes to issues of
perpetratorship, assignation of blame and guilt. We aim to connect collections
and support exploration of these different perspectives.

In this work, we focus on the second World War (WWII), as this is a defining
event in our recent history. Different collections tell different stories of events in
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WWII and there is a wealth of knowledge to be gained in comparing these.
Reading a news article on the liberation of the south of the Netherlands in a
newspaper collaborating with the occupiers gives the impression that it is just a
minor setback for the occupiers. A very different perspective on the same events
emerges from the articles in an illegal newspaper of the resistance, leaving the
impression that war is ending soon. To complete the picture, these contemporary
perspectives can be compared to the view of an historian who—decades later—
wrote fourteen books on WWII in the Netherlands and to the voice of thousands
of Wikipedians, all empowered with the benefit of hindsight.

We present an interactive search application that supports researchers (such
as historians) in connecting perspectives from multiple heterogeneous collections.
We provide tools for selecting, linking and visualizing WWII-related material
from collections of the NIOD, the National Library of the Netherlands, and
Wikipedia. Our application provides insight into the volume, selection and depth
of WWII-related topics across different media, times and locations through an
exploratory interface. iod We connect digital collections via implicit events, i.e.
if two articles are close in time and similar in content, we consider them to be
related. Newspaper articles are associated with a clear point in time, the date
they were published. However, not all collections have such a clear temporal
association. We therefore infer these associations from temporal references (i.e.,
references in the text to a specific date). Our novel approach to connecting
collections can deal with these extracted temporal references.

We provide two insightful visualizations of the connected collections: (1) an
exploratory search interface that provides insight into the volume of data on a
particular WWII-related topic and (2) an interactive interface in which a user
can select two articles/pages for a detailed comparison of the content. Our aim
is to provide historical researchers with the means to explore perspectives, not
to analyze these for them. These perspectives are expressed in our application
through what we call query contrasts. These contrasts are, in essence, sets of
filters over one or more collections, that are added to search queries and con-
sistently visualized throughout the interface. Example uses of such contrast are
comparing newspaper articles versus Wikipedia articles (across collections) or
local newspaper versus national newspapers (within a collection).

We focus on events and collections related to WWII. However, as our app-
roach and application can be applied to other digital collections and topics,
our work has broader implications for digital libraries. Our main contributions
are twofold: (1) we propose and evaluate an approach to connect digital collec-
tions through implicit events, and (2) we demonstrate how these connections
can be used to explore and analyze perspectives in a working application. Our
work is based entirely on open data and open-source technology. We release
the extracted temporal references as Linked Open Data and our application as
open-source software, for anybody to reuse or re-purpose.

The remainder of this paper is organized as follows. We discuss related work
in Sect. 2. Next, we describe our approach to connecting digital collections in
Sect. 3. Section 4 describes our exploratory and comparative interfaces. We pro-
vide a worked example in Sect. 5, after which we conclude in Sect. 6.
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2 Related Work

We discuss related work on studying historical perspectives, on connecting digital
collections and on exploring and comparing collections.

Historical Perspectives. Historical news has often been used to study public
opinion. For example, Van Vree [18] studied the Dutch public opinion on Ger-
many in the period 1930–1939 based on articles from four newspapers, selected
to represent distinct population groups. More recently, Lensen [10] showed how
two contemporary novels exhibit new perspectives on WWII. Typically, scholars
from the humanities study these perspectives on a small scale. Au Yeung and
Jatowt [2] studied how the past is remembered on a large scale. They find refer-
ences to countries and years in over 2.4 million news articles written in English
and study how these are referred to. Using topic modeling they find significant
years and topics and compute similarities between countries. Our work provides
scholars with the means to explore their familiar research questions on different
perspectives on a large scale, without doing this analysis for them.

Connecting Digital Collections. With more collections becoming digitally avail-
able, researchers have increasingly attempted to find connections between col-
lections. Common is to link items based on their metadata. When items are
annotated with concepts from a thesaurus or ontology, ontology alignment can
be used to infer links between items. An example is MultimediaN E-culture,
where artworks from museums were connected based on alignments between
thesauri used to annotate the collections [16]. An approach that does not rely on
the presence of metadata is to infer links based on textual overlap of items. For
example, Bron et al. [3] study how to create connections between a newspaper
archive and a video archive. Using document enrichment and term selection they
link documents that cover same or related events. Similarly, in the PoliMedia
project [9] links between political debates and newspapers articles are inferred
based on topical overlap. As in our approach, both used publication date to
filter documents in the linking process. However, how to score matches using
these dates and combine them with temporal references is an open problem.
Alonso et al. [1] survey trends in temporal information retrieval and identify
open challenges, that include how to measure temporal similarity and how to
combine scores for textual and temporal queries.

Exploratory Search. To support scholars in studying historical perspectives, we
propose an exploratory search interface. In exploratory search [11], users interac-
tively and iteratively explore interesting parts of a collection. Many exploratory
search systems have been proposed; we discuss a few that are closely related
to our work. Odijk et al. [14] proposed an exploratory search interface to sup-
port historians in selecting documents for qualitative analysis. Their approach
addresses questions that might otherwise be raised about the representativeness,
reproducibility and rigidness of the document set. de Rooij et al. [8] collected
social media content from four distinct groups: politicians, journalist, lobbyist
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and the public and proposed a search interface to explore this grouped content.
Through studying the temporal context and volume of discussion over time, one
could answer the questions of who put an issue on the agenda.

Comparing Collections. To support media studies researchers, Bron et al. [4] pro-
pose a subjunctive search interface that shows two search queries side-by-side.
They study how this fits into the research cycle of media studies researchers.
They find that when using the proposed interface, the researcher explore more
diverse topics and formulate more specific research questions. ManyPedia [12]
allows users to explore different points of view by showing two Wikipedia articles
from different languages side-by-side. A similar approach was used to synchro-
nize cross-lingual content [13] on Wikipedia. Similar to the work described above,
we provide exploratory search tools that emphasizes different perspectives. Our
work differs in that our application provides an end-to-end solution, from con-
necting multiple collections to exploring and comparing.

3 Connecting Digital Collections

In this section, we describe how we connect multiple heterogeneous digital collec-
tions. Simply put, we connect documents from different collections via implicit
events using time and content. If we consider two newspaper articles from differ-
ent newspapers, but published on the same day and with considerable overlap
in content, we can infer that it is likely that they cover the same event. How-
ever, not all our sources are as neatly dated as the newspapers are. For these,
we need to extract the relevant dates based on the document content (detailed
in Sect. 3.2). We present and validate our approach to connecting collections in
Sects. 3.4 and 3.5 respectively. First, we describe our collections.

3.1 Collections

We connect three heterogeneous collections, each representing a different kind
of data source: (1) a digitized collection of around 100 million Dutch newspa-
pers articles, spanning four centuries, (2) the encyclopedic articles of the Dutch
Wikipedia, (3) the digitized book series Het Koninkrijk der Nederlanden in de
Tweede Wereldoorlog1 by historian Loe de Jong. Table 1 provides an overview
of the size and characteristics of each collection. For conciseness, we will refer to
these three collections as the Newspapers, Wikipedia and Loe de Jong collections
respectively in the remainder of this paper.

The newspaper archive of the National Library of the Netherlands consists
of around 100 million digitized newspaper articles, processed using optical char-
acter recognition2. Each newspaper article has consistent metadata, including
publication date. To focus on the relevant articles we filter out articles published
before 1933 or after 1949. The books of Loe de Jong are a standard reference
1 In English: The Kingdom of the Netherlands during WWII.
2 http://delpher.nl/kranten

http://delpher.nl/kranten
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work about WWII in the Netherlands, consisting of 14 volumes and published
between 1969–1988 in 29 parts, all recently digitized [7]. Early parts focus on
chronicling events in specific years whereas some later ones focus on specific
themes. Each section was treated as a new document. Note that the documents
are still substantially longer than those in the two other collections.

3.2 Extracting Temporal References

We connect the three heterogeneous collections presented above via content and
time. For the digitized newspaper collection, we use the publication date of an
article. This metadata is clean and checked by the National Library. However,
for Wikipedia articles and the books of Loe de Jong no clear dates are present.
We extract the dates that these articles refer to through a process of temporal
tagging, i.e. we extract references to dates from the article content. For this,
we use a custom pipeline for xTAS3, an extendable toolkit for large-scale text
analysis. Concretely, our approach for extracting dates consists of three steps:
(1) preprocessing, (2) temporal tagging and (3) aggregating.

In the preprocessing step, we normalize the text and prevent common errors
we encountered in the subsequent temporal tagging. For Wikipedia articles, we
remove all special syntax, used for formatting and creating tables. We extract
the textual content of a Wikipedia article using a MediaWiki syntax parser4.
For the Loe de Jong collection, we remove XML tags and keep only the textual
content. This textual content has been obtained from book scans using optical
character recognition (OCR). Therefore, it can contain errors in the recognition
of terms. We process this digitized text to remedy common OCR errors that we
encountered, in particular errors that influence temporal tagging. For example,
the numbers 0, 1 and 5 are commonly confused for ◦, I and S.

For both collections, we also use simple textual replacement rules to prevent
common errors we found after an initial evaluation of temporal tagging on our
data. A common short-hand way of referring to years is to use an apostrophe
followed by only the last to digits: the period ’40-’45. As this gives no informa-
tion on the century being referred to, such a reference is typically ignored by
a temporal tagger. However, these references often refer to the 1900s and given
that the topic of most of our document collection (WWII), we resolve a reference
as above to the period 1940–1945.

After preprocessing, we analyze the content of each Wikipedia article and
each document in the Loe de Jong collection using the multilingual cross-domain
temporal tagger Heideltime [17]. The aim of a temporal tagger is to find all men-
tions of time and dates and to pinpoint these as exact as possible to a specific
point in time. The output of Heideltime is a set of temporal references nor-
malized according to the TIMEX3 annotation standard [15]. Temporal tagging
of historical documents is particularly challenging due to the fact that tempo-
ral expressions are often ambiguous and under-specified. For example, “in the

3 http://xtas.net
4 http://github.com/pediapress/mwlib

http://xtas.net
http://github.com/pediapress/mwlib
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1930s” refers to the time interval 1930–1939, while “august 1945” refers to the
entire month of August, 1945. For most of these challenges, Heideltime is able
to extract and normalize temporal references, even if they are under-specified.

The final step to extracting dates is aggregating all temporal references to the
document level. We separate each temporal reference based on the annotation
granularity (i.e. exact day, specific month or only year). We store and treat them
differently both in connecting collections (see Sect. 3.4) and in the exploratory
visualizations (see Sect. 4.1).

Table 1. Statistics for the collections and for temporal reference extraction.

Newspapers Wikipedia Loe de Jong

Number of documents 21,456,471 2,699,044 1,600

Average number of terms per document 105 91 1776

Number of annotated documents 50 20

Total number of unique / individual annotated date
references

609 / 834 469 / 713

3.3 Evaluating Temporal Reference Extraction

We validate our approach to extracting date references with an experiment. We
take 50 random documents from the Wikipedia collection and 20 from the Loe de
Jong collection. Five judges annotate all date references within the documents.
Table 1 details statistics on the annotated documents. The narrative structure
of the books of Loe de Jong leads to less frequent temporal references than the
encyclopedic style of Wikipedia. We compute inter-annotator agreement over five
doubly annotated Wikipedia documents and three documents from the Loe de
Jong collection. We observe 97 % agreement on the set of unique dates referenced,
signaling excellent agreement among the human annotators. We measure the
accuracy of the extracted temporal references by comparing the automatically
annotated date references to those annotated by the judges.

On the Wikipedia collection, we observe a mean precision of 98.27 % on
the set of all automatically extracted dates, with recall at 86.72 % of unique
annotated dates. These scores are comparable to what is reported on standard
datasets [17] and signals that the task of extracting dates from Wikipedia articles
is well suited to be done automatically.

On the Loe de Jong collection, we obtain substantially lower precision of
63.86 % and recall of 68.04 %. The sections of these books pose two distinct
challenges for temporal tagging. First, as the books are digitized using OCR,
there are errors in detected terms, including in parts of dates. Our preprocessing
approach to remedy some of the common errors has doubled both precision
and recall (up from 36.86 % and 30.48 % respectively). The second challenge
is more difficult. The books of Loe de Jong are written in a narrative style,
where temporal references are often (partially) implicit. For example, a section
on famine in the winter of 1944–1945 (referred to as the “hunger winter”) often
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only refers only to days in these winter months, without referring to a year.
Given the topic, a reader knows that January 15th refers to January 15th, 1945,
but for an automatic approach, this is rather difficult to infer. In fact, half of
the fourteen books indicate in the title that they cover only a specific period.

Improving the accuracy of temporal reference extraction on such a collec-
tion poses interesting future work for information extraction researchers. Given
the length of the documents and thus large number of temporal references, the
level of accuracy we obtain after preprocessing is sufficient for ours and similar
applications. The extracted temporal references for the Loe de Jong collection
are published as Linked Open Data5. This enrichment allows for new types of
temporal analysis of the collection.

This approach for temporal reference extraction is the first step in con-
necting these three heterogeneous collections. Using the temporal references for
Wikipedia articles and sections of the books of Loe de Jong, combined with the
publication dates of newspaper articles, we can find subsets of documents for a
specific time period that were either published within that period or refer to a
point in time within that period. This provides the researcher with the valuable
means to find similar subsets across different collections. However, this does not
yet mean that all the documents in the subsets are topically related. For this,
we also need to look at the content of the document.

3.4 Combining Temporal and Textual Similarity

To estimate whether two documents refer to the same implicit event, we combine
textual similarity with temporal similarity. We measure textual similarity as
Manhattan distance over document terms in a TF.IDF weighted vector space.
Concretely, we take the subset of maximally 25 terms from a source document,
that have the highest TF.IDF score. We then select documents that match at
least 30 % of these terms and compute similarity as the sum of TF.IDF scores
over the terms. More matching terms thus lead to a higher similarity, as does
matching a less common term than a more common term.

We measure temporal similarity using a Gaussian decay function. If two
documents are from the same date, they are completely temporally similar. The
further the two documents are apart in time, the lower the similarity score. In
case we are matching two documents based on temporal references, we multiply
the scores we obtain for each temporal reference match. The overall similarity
between two documents is then computed by multiplying the temporal similarity
with the textual similarity. In this way, temporal similarity functions in a similar
matter as a temporal document prior would work, giving preference to documents
from a specific period.

5 The exported RDF triples are ingested in the “Verrijkt Koninkrijk” triple
store. The updated triple store can be found at http://semanticweb.cs.vu.nl/
verrijktkoninkrijk/.

http://semanticweb.cs.vu.nl/verrijktkoninkrijk/
http://semanticweb.cs.vu.nl/verrijktkoninkrijk/
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3.5 Evaluating Related Article Finding

We evaluate our approach to measuring similarity using a retrieval experiment
to find related documents within the Wikipedia collection. The task is to find
documents related to a source Wikipedia article within the Wikipedia collection.
We compare two approaches for finding related documents: using only textual
similarity and combining temporal and textual similarity.

We sample ten Wikipedia articles out of the 18,361 articles that link to
an article with WWII in the title (“Tweede Wereldoorlog” in Dutch). We pool
the top ten results based on textual similarity and have annotators judge the
relatedness of two documents side-by-side on a four-point scale, label from bad to
perfect. We obtain the relatedness labels via a crowdsourcing platform. To ensure
good quality judgments, we manually create a set of gold standard judgments for
twelve document pairs that pilot judges agreed entirely on. Our crowdsourcing
judges need to obtain an agreement of over 70 % with the gold standard to
start judging. During judging, gold standard pairs are intertwined with unjudged
pairs. If the judges do not maintain this agreement on the gold standard, they
cannot continue and their judgments are not included. We obtain at least three
judgments per document pair, more if the three judges do not agree. We obtain
812 judgments (including the judgments for the gold standard) and measure a
mean agreement of 69.5 % over all document pairs. We compute a final rating
for a document pair as the mean rating over all judges for that pair.

In our application, related documents are presented to find interesting alter-
native perspectives from different collections. The related documents are pre-
sented as a ranked list, very similar to a standard information retrieval set-
ting. Given this setting and the annotations on a four-point scale, we choose
nDCG@10 as our evaluation metric. The nDCG metric can incorporate graded
relevance and gives more importance to results higher in the ranked list. We
compute nDCG only on the top ten results, as we expect that lower documents
are unlikely to be inspected by a user. An nDCG score of 1 indicates that doc-
uments are ranked perfectly in order of their relevance score and a score of 0
would mean that all retrieved documents have the lowest relevance score.

Using only textual similarity, we measure an nDCG value of 0.861 and an
average rating in the top ten of 2.6 on a scale from 1 to 4. This suggests that
the retrieved documents are already of good quality and ranked in a reasonable
order. By combining textual and temporal similarity we improve the nDCG score
with 3.8 % to 0.894. A detailed look at each of the ten source documents shows
improvements in nDCG scores up to 25 %, but also decreased scores up to 5 %.
The results suggest that we effectively retrieve related documents and that com-
bining textual and temporal similarity improves effectiveness over only using
textual similarity. There are interesting challenges for future research in new
approaches for incorporating temporal similarity. For example, intuitively, a
match on year references is less strong a match than one on day references.
One could therefore weigh matches based on the least fine-grained granularity.
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4 Search Interface to Explore Perspectives

We described how we connect collections and their content in Sect. 3 as our
first main contribution. Our second contribution is a novel search and analysis
application6. We provide new means of exploring and analyzing perspectives
in these connected collections. Our architecture is modeled in Fig. 1. At the
core of the application we use proven open-source technology such as xTAS and
Elasticsearch. For each collection, we build a separate index that is exposed to
the user interfaces as a combined index.

Fig. 1. Architecture to support exploration of perspectives in collections. The interface
(right) interacts with a combined index (center) collected from three sources (left).

A researcher interacts with our application through two separate, but con-
nected interfaces: (1) an exploratory search interface for a broad overview, and
(2) a comparative interface for detailed analysis. We will discuss the flow between
these interfaces with a worked example of a researcher interacting with the appli-
cation in Sect. 5. First, we will describe each of the two interfaces in more detail
below. The comparative interface communicates directly with the combined
index, supported by related article finding and document contrasting services.
For the exploratory interface, all requests to the index are processed through the
query contrasting system.

We provide a researcher with the means to explore perspectives in our appli-
cation via contrasting. In the comparative interface, two documents are con-
trasted in detail in a side-by-side comparison. In the exploratory interface, a
researcher can combine a keyword query with predefined “query contrasts”. A
query contrast can be seen as a set of filters that each define a collection subset. A
single filter functions in a similar way as facet filters. Such a query contrast filter
can simply be contrasting different collections (e.g., newspaper versus Wikipedia
articles), or different sources (e.g., a collaborating newspaper versus one run by
6 The fully functional application can be accessed at http://qhp.science.uva.nl.

http://qhp.science.uva.nl


Supporting Exploration of Historical Perspectives Across Collections 247

the resistance) or different locations of publishing. Using a set of these filters
(what we call a query contrast), what is expressed as a simple keyword query
turns into a contrasting comparison between different perspectives.

4.1 Exploratory Interface

To allow researchers to explore the three connected collections, we build an
exploratory interface as part of our application. This interface is sketched in
Fig. 2a.

Fig. 2. Sketch (a) and screenshot of exploratory (b) and comparative (c) interfaces.

Based on a keyword query and a contrast in the search bar on top, an overview
of the search results is presented. Central in the exploratory interface is a visual-
ization that shows the distribution of the volume of documents across time. We
visualize this distribution as a streamgraph [5], that can be seen as a streamlined
version of a stacked bar chart. A researcher can select a time period of inter-
est while maintaining overview through a Focus+Context interaction design [6].
This allows researchers to focus on a specific period, while at the same time
getting an impression of entire time period.
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The streams in the context visualization are defined by the selected query
contrast and consistently color coded based on this. In the simplest case, each
represent one of the three connected collections: newspaper articles, encyclopedic
articles and sections of the reference books. For each stream, we show a word
cloud representing the most significant terms in the documents in each stream
for the selected time period. This provides the researcher with a quick overview
of what topics these documents cover.

In Sect. 3.2, we described how we extract temporal references that can have a
granularity of a day, month or even a year. If a stream is based on extracted date
references, we distinguish in the focus stream graph between different temporal
reference granularity. A stream is then split into three substreams: (1) day refer-
ences, (2) month references and (3) year references (marked in Fig. 2a). The color
coding is kept consistent, but opacity decreases as temporal references become
less fine-grained. Similarly, the more fine-grained day references are positioned
closer to the center of the stream. If a document refers to a specific day, it refers
to that month and year as well. In the visualization, we do not count a reference
for a less fine-grained substream if a more fine-grained reference occurs for that
day. This way, the combined height of the three substreams at any point of time
is equal to the references to that day, month or year.

Not depicted in Fig. 2 is the collection search interface, that shows a simple
ranked list of documents within any of the three collections. From this search
interface, a researcher can select a document to study in more detail in the
comparative interface.

4.2 Comparative Interface

The comparative interface shows two documents side-by-side. At first, a selected
document is shown on one side, while the other side shows related documents
from each of the three collections using the approach described and evaluated
in Sect. 3. When selecting a document from these results, the side-by-side com-
parison is shown. A researcher can return to the related articles on either side
at any time.

When comparing two documents side-by-side, interesting parts of the doc-
ument are highlighted. Using an approach similar to the textual similarity
described in Sect. 3.4, we compute the similarity of each sentence in a document
to the document on the other side. Sentences with a high similarity are shown
clearly, whereas sentences with a low similarity are shown partially transparent.
This dimming effect draws the attention of the researcher to the interesting parts
of a document in the context of another.

5 A Worked Example

We describe a worked example of how our application can be used to study
different perspectives on a specific event in WWII. A full-blown evaluation of
our application in a user study with historians is planned for future work.
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We go back to an event in Amsterdam, early 1941, as described on Wikipedia.
During the winter months of ’40/’41, oppression of Jewish citizens of Amsterdam
is rising. This leads to open street fights between mobs of both sides. The tensions
culminated on February 19th in an ice cream parlor called Koco, where a fight
broke out between a German patrol and a mob of regular customers set out
to defend the shop. Several arrest were made and the Jewish-German owners
where arrested and deported. After roundups in other parts of Amsterdam, the
tensions finally lead to the “February strike”, the only massive public protest
against the persecution of Jews in occupied Europe.

Fig. 3. Screenshots for query “ijssalon koco” from October 1941 until March 1942.

Figure 3 shows screenshots the exploratory search interface, when searching
for the name of the shop, contrasting the three distinct collections. From the
streamgraph, the historian can clearly see the most documents that mention
the shop are from or refer to early 1941. Focusing on this period of interest,
the streamgraph depicted in Fig. 3a shows some references to the shop in the
buildup towards this event with the bulk in early 1941. A detailed look at the
word clouds for newspapers (Fig. 3b), shows that emphasis is given to the per-
spective of the police. The significant terms include: robbery, thieves, enforce-
ment, gain access, removed and case7. On the other hand, the Wikipedia articles
referring to this event focus more on the human interest and broader perspec-
tives. The word cloud in Fig. 3c shows the names of the owners and terms as
cause, events, February strike, arrested and owner8.

Diving deeper into the different perspectives, the historian searches for arti-
cles related to the Sect. 8.2 of Loe de Jong’s fourth book, part II, that covers the
events around Koco. He finds Wikipedia articles covering the February strike
and related events, but decided to have a more detailed look at the article on
the movie “The Ice Cream Parlour”. Figure 4 shows a screenshot of the compar-
ison of the content of this article in comparison with the section written by Loe
de Jong. The sentences that focus mostly on the movie are faded out, drawing
attention to the parts of the article that describe the events in February 1941.

This worked example illustrates how each collection has different perspectives
on an important event in WWII, both in comparing subsets of the collection

7 In Dutch: overval, dieven, handhaving, toegang, verschaft, verwijderd, zaak.
8 In Dutch: aanleiding, gebeurtenissen, Februaristaking, gearresteerd, eigenaar.
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Fig. 4. Screenshot showing the first sentences of the Dutch Wikipedia article on the
movie “The Ice Cream Parlour” compared to Loe de Jong’s article on the events around
that parlour.

(Fig. 3) and in comparing two documents (Fig. 4). One can easily think of follow-
up questions to explore after this, for example: how does the perspective of
newspapers from Amsterdam differ from those in the rest of the country?

6 Conclusion

We connected multiple heterogeneous collections through implicit events, via
time and content. We show that we can extract temporal references with satis-
factory accuracy and that we can use these references for related article finding.
For future work, we identified interesting challenges in extracting temporal refer-
ences from historical narratives, such as the books of Loe de Jong. Furthermore,
we consider our proposed approach for using extracted temporal references to
improve related article finding as just a first attempt. Similar problems exist
outside the historical domain.

We presented a novel search interface that supports researchers from the
humanities in studying different perspectives on WWII. We showed the value of
our application through a worked example of how to study different perspectives
on an event in WWII. A full-blown evaluation of our application in a user study
with historians is planned for future work. While we focused in this work on
events and collections related to WWII, our software and approaches can be
applied to any kind of digital collections. We release our work as open data
and open-source software9 to foster future research and applications for digital
libraries.

Acknowledgements. This research was supported by Amsterdam Data Science and
the Dutch national program COMMIT.

9 The source code is available on https://bitbucket.org/qhp.
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Abstract. Humanities scholars increasingly rely on digital archives for
their research instead of time-consuming visits to physical archives. This
shift in research method has the hidden cost of working with digitally
processed historical documents: how much trust can a scholar place in
noisy representations of source texts? In a series of interviews with his-
torians about their use of digital archives, we found that scholars are
aware that optical character recognition (OCR) errors may bias their
results. They were, however, unable to quantify this bias or to indicate
what information they would need to estimate it. This, however, would
be important to assess whether the results are publishable. Based on the
interviews and a literature study, we provide a classification of scholarly
research tasks that gives account of their susceptibility to specific OCR-
induced biases and the data required for uncertainty estimations. We
conducted a use case study on a national newspaper archive with exam-
ple research tasks. From this we learned what data is typically available
in digital archives and how it could be used to reduce and/or assess the
uncertainty in result sets. We conclude that the current knowledge situa-
tion on the users’ side as well as on the tool makers’ and data providers’
side is insufficient and needs to be improved.

Keywords: OCR quality · Digital libraries · Digital humanities

1 Introduction

Humanities scholars use the growing numbers of documents available in digital
archives not only because they are more easily accessible but also because they
support new research tasks, such as pattern mining and trend analysis. Especially
for old documents, the results of OCR processing are far from perfect. While
improvements in pre-/post-processing and in the OCR technology itself lead
to lower error rates, the results are still not error-free. Scholars need to assess
whether the trends they find in the data represent real phenomena or result
from tool-induced bias. It is unclear to what extent current tools support this
assessment task. To our knowledge, no research has investigated how scholars
can be supported in assessing the data quality for their specific research tasks.

In order to find out what research tasks scholars typically carry out on a
digital newspaper archive (RQ1 ) and to what extent scholars experienced OCR
c© Springer International Publishing Switzerland 2015
S. Kapidakis et al. (Eds.): TPDL 2015, LNCS 9316, pp. 252–263, 2015.
DOI: 10.1007/978-3-319-24592-8 19
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quality to be an obstacle in their research, we conducted interviews with human-
ities scholars (Sect. 2). From the information gained in the interviews, we were
able to classify the research tasks and describe potential impact of OCR quality
on these tasks (RQ2 ). With a literature study, we investigated, how digitization
processes in archives influence the OCR quality, how Information Retrieval (IR)
copes with error-prone data and what workarounds scholars use to correct for
potential biases (Sect. 3). Finally, we report on insights we gained from our use
case study on the digitization process within a large newspaper archive (Sect. 4)
and we give examples of what data scholars need to be able to estimate the
quality indicators for different task categories (RQ3 ).

2 Interviews: Usage of Digital Archives by Historians

We originally started our series of interviews to find out what research tasks
humanities scholars typically perform on digital archives, and what innovative
additions they would like to see implemented in order to provide (better) support
for these research tasks. We were especially interested in new ways of supporting
quantitative analysis, pattern identification and other forms of distant reading.
We chose our interviewees based on their prior involvement in research projects
that made use of digital newspaper archives and/or on their involvement in
publications about digital humanities research. We stopped after interviewing
only four scholars, for reasons we describe below. Our chosen methodology was a
combination of a structured personal account and a time line interview as applied
by [4,5]. The former was used to stimulate scholars to report on their research
and the latter to stimulate reflection on differences in tasks used for different
phases of research. The interviews were recorded either during a personal meeting
(P1, P2, P4 ) or during a Skype call (P3 ), transcribed and summarized. We sent
the summaries to the interviewees to make sure that we covered the interviews
correctly.

We interviewed four experts. (P1 ) is a Dutch cultural historian with an
interest in representations of World War II in contemporary media. (P2 ) is a
Dutch scholar specializing in modern European Jewish history with an interest
in the implications of digital humanities on research practices in general. (P3 )
is a cultural historian from the UK, whose focus is the cultural history of the
nineteenth century. (P4 ) is a Dutch contemporary historian who reported to
have a strong interest in exploring new research opportunities enabled by the
digital humanities.

All interviewees reported to use digital archives, but mainly in the early
phases of their research. In the exploration phase the archives were used to get
an overview of a topic, to find interesting research questions and relevant data
for further exploration. In case they had never used an archive before, they
would first explore the content the archive can provide for a particular topic (see
Table 1, E9 ). At later stages, more specific searches are performed to find mater-
ial about a certain time period or event. The retrieved items would later be used
for close reading. For example, P1 is interested in the representations of Anne



254 M.C. Traub et al.

Frank in post-war newspapers and tried to collect as many relevant newspaper
articles as possible E1. P3 reports on studies of introductions of new words into
the vocabulary E8. Three of the interviewees (P1, P3, P4 ) mentioned that low
OCR quality is a serious obstacle, an issue that is also reflected extensively in
the literature [3,6,14]. For some research tasks, the interviewees reported to have
come up with workarounds. P1 sometimes manages to find the desired items by
narrowing down search to newspaper articles from a specific time period, instead
of using keyword search. However, this strategy is not applicable to all tasks.

Table 1. Categorization of the examples for research tasks mentioned in the interviews.
Task type T1 aims to find the first mention of a concept. Tasks of type T2 aim to find
a subset with relevant documents. T3 includes tasks investigating quantitative results
over time and T4 describes tasks using external tools on archive data.

ID Interview Example Category

E1 P1 Representation of Anne Frank in post-war media T2

E3 P1 Contextualizing LDJ with sources used T4

E4 P2 Comparisons of two digitized editions of a book to find
differences in word use

T4

E5 P3 Tracing jokes through time and across newspapers T3

E6 P3 Plot ngrams frequencies to investigate how ideas and
words enter a culture

T1/T3

E7 P3 Sophisticated analysis of language in newspapers T4

E8 P3 First mention of a newly introduced word T1

E9 P3 /P4 Getting an overview of the archive’s contents T2

E11 P4 Finding newspaper articles on a particular event T2

Due to the higher error rate in old material and the absence of quality mea-
sures, they find it hard to judge whether a striking pattern in the data represents
an interesting finding or whether it is a result of a systematic error in the tech-
nology. According to P1, the print quality of illegal newspapers from the WWII
period is significantly worse than the quality of legal newspapers because of the
conditions under which they were produced. As a consequence, it is very likely
that they will suffer from a higher error rate in the digital archive, which in
turn may cause a bias in search results. When asked how this uncertainty is
dealt with, P4 reported to try to explain it in the publications. The absence of
error measures and information about possible preconceptions of the used search
engine, however, made this very difficult. P3 reported to have manually collected
data for a publication to generate graphs tracing words and jokes over time (see
E5, E6 in Table 1) as the archive did not provide this functionality. Today, P3
would not trust the numbers enough to use them for publications again.
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P2 and P3 stated that they would be interested in using the data for analy-
sis independently from the archive’s interfaces. Tools for text analysis, such as
Voyant1, were mentioned by both scholars (E3, E4, E7 ). The scholars could
not indicate how such tools would be influenced by OCR errors. We asked the
scholars whether they could point out what requirements should be met in order
to better facilitate research tasks in digital archives. P3 thought it would be
impossible to find universal methodological requirements, as the requirements
vary largely between scholars of different fields and their tasks.

We classified the tasks that were mentioned by the scholars in the interviews
according to their similarities and requirements towards OCR quality. The first
mention of a concept, such as a new word or concept would fall into category T1.
T2 comprises tasks that aim to create a subcollection of the archive’s data, e.g. to
get to know the content of the archive or to select items for close reading. Tasks
that relate word occurrences to a time period or make comparisons over different
sources or queries are summarized in T3. Some archives allow the extraction of
(subsets of) the collection data. This allows the use of specialized tools, which
constitutes the last category T4.

We asked P1, P2 and P4 about the possibilities of more quantitative tools
on top of the current digital archive, and in all cases the interviewees’ response
was that no matter what tools were added by the archive, they were unlikely to
trust any quantitative results derived from processing erroneous OCRed text. P2
explicitly stated that while he did publish results based on quantitative methods
in the past, he would not use the same methods again due to the potential of
technology-induced bias.

None of our interviews turned out to be useful with respect to our quest into
innovative analysis tools. The reason for this was the perceived low OCR quality,
and the not well-understood susceptibility of the interviewees’ research tasks to
OCR errors. Therefore, we decided to change the topic of our study to better
understanding the impact of OCR errors on specific research tasks. We stopped
our series of interviews and continued with a literature study on the impact of
OCR quality on specific research tasks.

3 Literature Study: Impact of OCR Quality on Scholarly
Research

To find out how the concerns of the scholars are addressed by data custodians
and by research in the field of computer science, we reviewed available literature.

The importance of OCR in the digitization process of large digital libraries
is a well-researched topic [9,12,18,19]. However, these studies are from the point
of view of the collection owner, and not from the perspective of the scholar
using the library or archive. User-centric studies on digital libraries typically
focus on user interface design and other usability issues [8,20,21]. To make the
entry barrier to the digital archive as low as possible, interfaces often try to hide
1 http://voyant-tools.org/.

http://voyant-tools.org/
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technical details of the underlying tool chain as much as possible. While this
makes it easier for scholars to use the archive, it also denies them the possibility
to investigate potential tool-induced bias.

There is ample research into how to reduce the error rates of OCRed text
in a post-processing phase. For example, removing common errors, such as the
“long s”-to-f confusion or the soft-hyphen splitting of word tokens, has shown to
improve Named Entity Recognition. This, however, did not increase the overall
quality to a sufficient extent as it addressed only 12 % of the errors in the chosen
sample [2]. Focusing on overall tool performance or performance on representa-
tive samples of the entire collection, such studies provide little information on
the impact of OCR errors on specific queries carried out on specific subsets of
a collection. It is this specific type of information we need, however, to be able
to estimate the impact on our interviewees’ research questions. We found only
one study that aimed at generating high-quality OCR data and evaluating the
impact of its quality on a specific set of research questions [15]. The researchers
found that the impact of OCR errors is not substantial for a task that compares
two subsets of the corpus. For a different task, the retrieval of a list of the most
significant words (in this case, describing moral judgement), however, recall and
precision were considered too low.

Another line of research focuses on how to improve OCR tools or on using
separate tools for improving OCR output in a post-processing step [11], for
example by using input from the public [10]. Unfortunately, the actual extent,
to which this crowdsourcing initiative has contributed to a higher accuracy has
not been measured. While effective use of such studies may reduce the error
rate, they do not help to better estimate the impact of the remaining errors
on specific cases. Even worse, since such tools (and especially human input)
add another layer of complexity and potential errors, they may also add more
uncertainty to these estimates. Most studies on the impact of OCR errors are in
the area of ad-hoc IR, where the consensus is that for long texts and noisy OCR
errors, retrieval performance remains remarkably good for relatively high error
rates [17]. On short texts, however, the retrieval effectiveness drops significantly
[7,13]. In contrast, information extraction tools suffer significantly when applied
to OCR output with high error rates [16]. Studies carried out on unreliable
OCR data sets often leave the OCR bias implicit. Some studies explicitly protect
themselves from OCR issues and other technological bias by averaging over large
sets of different queries and by comparing patterns found for a specific query set
to those of other queries sets [1]. This method, however, is not applicable to the
examples given by our interviewees, since many of their research questions are
centered around a single or small number of terms.

Many approaches aiming at improving the data quality in digital archives
have in common that they partially reduce the error rate, either by improving
overall quality, or by eliminating certain error types. None of these approaches,
however, can remove all errors. Therefore, even when applying all of these steps
to their data, scholars still need to be able to quantify the remaining errors and
assess their impact on their research tasks.
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4 Use case: OCR Impact on Research Tasks in a
Newspaper Archive

To study OCR impact on specific scholarly tasks in more detail, we investigated
OCR-related issues of concrete queries on a specific digital archive: the historic
newspaper archive2 of the National Library of The Netherlands (KB). It contains
over 10 million Dutch newspaper pages from the period 1618 to 1995, which are
openly available via the Web. For each item, the library publishes the scanned
images, the OCR-ed texts and the metadata records. Its easy access and rich
content make the archive an extremely rich resource for research projects3.

4.1 Task: First Mention of a Concept

One of the tasks often mentioned during our interviews was finding the first
mention of a term (task T1 in Sect. 2). For this task, scholars can typically
deal with a substantial lack of precision caused by OCR errors, since they can
detect false positives by manually checking the matches. The key requirement is
recall. Scholars want to be sure that the document with the first mention was not
missed due to OCR errors. This requires a 100 % recall score, which is unrealistic
for large digital archives. As a second best, they need to minimize the risk of
missing the first mention to a level that is acceptable in their research field. The
question remains how to establish this level, and to what extent archives support
achieving this level. To understand how a scholar could assess the reliability of
their results with currently available data, we aim to find the first mention of
“Amsterdam” in the KB newspaper archive. A naive first approach is to simply
order the results on the query “Amsterdam” by publication date. This returned
a newspaper dated October 25, 1642 as the earliest mention. We then explore
different methods to assess the reliability of this result. We first tried to better
understand the corpus and the way it was produced, then we tried to estimate the
impact of the OCR errors based on the confidence values reported by the OCR
engine, and finally we tried to improve our results by incremental improvement
our search strategy.

Understanding the Digitization Pipeline. We started by obtaining more
information on the archive’s digitization pipeline, in particular details about the
OCR process, and potential post-processing steps.

Unfortunately, little information about the pipeline is given on the KB web-
site. The website warns users that the OCR text contains errors4, and as an
example mentions the known problem of the “long s” in historic documents (see
Fig. 1), which causes OCR software to mistake the’s’ for an’f’. The page does
not provide quantitative information on OCR error rates.
2 www.delpher.nl/kranten.
3 See http://lab.kbresearch.nl for examples.
4 http://www.delpher.nl/nl/platform/pages/?title=kwaliteit+(ocr).

www.delpher.nl/kranten
http://lab.kbresearch.nl
http://www.delpher.nl/nl/platform/pages/?title=kwaliteit+(ocr)
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Fig. 1. Confusing the “long s” for an “f” is a common OCR error in historic texts.

After contacting library personnel, we learned that formal evaluation on OCR
error rates or on precision/recall scores of the archive’s search engine had not
been performed so far. The digitization had been a project spanning multiple
years, and many people directly involved no longer worked for the library. Parts
of the process had been outsourced to a third party company, and not all details
of this process are known to the library. We believe this practice is typical for
many archives. We further learned that article headings had been manually
corrected for the entire archive, and that no additional error correction or other
post-processing had been performed. We concluded that for the first mention
task, our inquires provided insufficient information to be directly helpful.

Uncertainty Estimation: Using Confidence Values. Next, we tried to use
the confidence values reported by the OCR engine to assess the reliability of our
result. The ALTO XML5 files used to publish the OCR texts do not only contain
the text as it was output by the OCR engine, they also contain confidence values
generated by the OCR software for each page, word and character. For example,
this page6, contains:

<Page ID=”P2” . . . PC=”0.507”>

Here, PC is a confidence value between 0 (low) and 1 (high confidence). Similar
values are available for every word and character in the archive:

<St r ing ID=”P2 ST00800” . . . CONTENT=”AM” . . .
SUBS CONTENT=”AMSTERDAM.” WC=”0.45” CC=”594”/>

<St r ing ID=”P2 ST00801” . . . CONTENT=”STERDAM.” . . .
SUBS CONTENT=”AMSTERDAM.” WC=”0.30” CC=”46778973”/>

Here, WC is the word-level confidence, again expressed as a value between 0 and
1. CC is the character-level confidence, expressed as a string of values between 0–
9, with one digit for each character. In this case, 0 indicates high, and 9 indicates
low confidence. This is an example for a word that was split by a hyphen. The
representation of its two parts as “subcontent” of “AMSTERDAM” assures its
retrieval by the search engine of delpher.

<St r ing ID=”P2 ST00766” . . . CONTENT=”Amfterdam ,”
WC=”0.36” CC=”0866869771”/>

For the last example, this means the software has lower confidence in the
correct “m”, than in the incorrect “f”. Note that since the above XML data
5 http://www.loc.gov/standards/alto/.
6 http://resolver.kb.nl/resolve?urn=ddd:010633906:mpeg21:p002:alto.

http://www.loc.gov/standards/alto/
http://resolver.kb.nl/resolve?urn=ddd:010633906:mpeg21:p002:alto
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is available for each individual word, it is a huge dataset in absolute size, that
could, potentially, provide uncertainty information on a very fine-grained level.
For this, we need to find out what these values mean and/or how they have been
computed. However, the archive’s website provides no information about how
the confidence values have been calculated.

Again, from the experts in the library, we learned that the default word level
confidence scores were increased if the word was found in a given list with correct
Dutch words. Later, this was improved by replacing the list with contemporary
Dutch words by a list with historic spelling. Unfortunately, it is not possible to
reproduce which word lists have been used on what part of the archive.

Another limitation is that even if we could calibrate the OCR confidence
values to meaningful estimates, they could only be used to estimate how many of
the matches found are likely false positives. They provide little or no information
on the false negatives, since all confidence values related to characters that were
considered as potential alternatives to the character chosen by the OCR engine
have not been preserved in the output and are lost forever. For this research task,
this is the information we would need to estimate or improve recall. We thus
conclude that we failed in using the confidence values to estimate the likelihood
that our result indeed represented the first mention of “Amsterdam” in the
archive. We summarized our output in Table 2, where for T1 we indicate that
using the confusion matrix is impractical, using the out confidence values (CV
output) is not helpful, and using the confidence values of the alternatives (CV
alternatives) could have improved recall, but we do not have the data.

Table 2. The different types of tasks require different levels of quality. Quality indica-
tors can be used to generate better estimates of the quality and also (to some extent)
to compensate low quality. x stands for an abstract concept that is the focus of interest
in the research task.

Category available
for:

Confusion matrix
sample only

CV output full
corpus

CV alternatives
not available

T1. 1st mention of x find all queries for
x, impractical

estimated precision
not helpful

improve recall

T2. Selecting subset
relevant to x

as above estimated precision,
requires improved
UI

improve recall

T3. Pattern over
time x

pattern summarized
over set of alt.
queries

estimates of
corrected
precision

estimates of
corrected recall

T3.a. Compare x1

and x2

warn for diff.
susceptibility to
errors

as above, warn for
diff. distribution
of CVs

as above

T3.b. Compare
corpus1 and
corpus2

as above as above as above
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Incremental Improvement of the Search Strategy. We observed that the
“long s” warning given on the archive’s website is directly applicable to our query.
Therefore, to improve on our original query, we also queried for “Amfterdam”.
This indeed results in an earlier mention: July 27, 1624. This result, however, is
based on our anecdotal knowledge about the “long s problem”. It illustrates the
need for a more systematic approach to deal with spelling variants. While the
archive provides a feature to do query expansion based on historic spelling vari-
ants, it provides no suggestions for “Amsterdam”. Querying for known spelling
variants mentioned on the Dutch history of Amsterdam Wikipedia page also did
result in earlier mentions.

To see what other OCR-induced misspellings of Amsterdam we should query
for, we compared a ground truth data set with the associated OCR texts. For
this, we used the dataset7 created in the context of the European IMPACT
project. It includes a sample of 1024 newspaper pages, but these had not been
completely finished by end of the project. This explains why this data has not
been used in a evaluation of the archive’s OCR quality. Because of changes in
the identifier scheme used, we could only map 265 ground truth pages to the
corresponding OCR text in the archive. For these, we manually corrected the
ground truth for 134 pages, and used these to compute a confusion table8. This
matrix could be used to generate a set of alternative queries based on all OCR
errors that occur in the ground truth dataset. Our matrix contains a relatively
small number of frequent errors, and it seems doable to use them to manually
generate a query set that would cover the majority of errors. We decided to look
at the top ten confusions and use the ones applicable to our query. All combina-
tions of confusions resulted in 23 alternative spelling variations of “Amsterdam”.
When we queried for the misspellings, we found hits for all variations, except
one, “Amfcordam”. None, however, yielded an earlier result than our previous
query.

This method could, however, be implemented as a feature in the user inter-
face, the same way as historic spelling variants are supported9. Again, the issue
is that for a specific case, it is hard to predict whether such a future would help,
or merely provide more false positives.

Our matrix also contains a very long tail with infrequent errors, and for this
specific task, it is essential to take all of them into account. This makes our
query set very large and while this may not be a technical problem for many
state of the art search engines, the current user interface of the archive does not
support such queries. More importantly, the long tail also implies that we need
to assume that our ground truth does not cover all OCR errors that are relevant
for our task.

We conclude that while the use of a confusion matrix does not guarantee
finding the first mention of a term, it would be useful to publish such a matrix
on each digital archive’s website. Just using the most frequent confusions can
7 http://lab.kbresearch.nl/static/html/impact.html.
8 available on http://dx.doi.org/10.6084/m9.figshare.1448810.
9 http://www.delpher.nl/nl/platform/pages/?title=zoekhulp.

http://lab.kbresearch.nl/static/html/impact.html
http://dx.doi.org/10.6084/m9.figshare.1448810
http://www.delpher.nl/nl/platform/pages/?title=zoekhulp
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already help user to avoid the most frequent errors, even in a manual setting.
Systematic queries for all known variants would require more advanced backend
support.

Fortunately, it lies in the nature of our task that with every earlier mention we
can confirm, we can also narrow the search space by defining a new upper bound.
In our example, the dataset with pages published before our 1624 upper bound
is sufficiently small to allow manual inspection. The first page in the archive
of the same title as the 1624 page, is published in 1619, and has a mention
of “Amsterdam”. It is on the very bottom of the page in a sentence that is
completely missing in the OCR text. This explains why our earlier strategy has
missed it. The very earliest page in the archive at the time of writing is from
June 1618. Its OCR text contains “Amfterftam”. Our earlier searches missed
this one because it is a very rare variant which did not occur in the ground truth
data. While we now have found our first mention in the archive with 100 %
certainty, we found it by manual, not automatic means. Our strategy would not
have worked when the remaining dataset would have been too large to allow
manual inspection.

4.2 Analysis of Other Tasks

We also analyzed the other tasks in the same way. For brevity, we only report
our findings to the extent they are different from task T1. For T2, selecting a
subset on a topic for close reading, the problem is that a single random OCR
error might cause the scholar to miss a single important document as in T1.
In addition, a systematic error might result in a biased selection of the sources
chosen for close reading, which might be an even bigger problem. Unfortunately,
using the confusion matrix is again not practical. The CV output could be use-
ful to improve precision for research topics where the archive contains too many
relevant hits, and selecting only hits above a certain confidence threshold might
be useful. This requires, however, the user interface to support filtering on con-
fidence values. For the CV alternatives, they again could be used to improve
recall, but it is unclear against what precision.

For task T3, plotting frequencies of a term over time, the issue is no longer
whether or not the system can find the right documents, as in T1 and T2, but
if the system can provide the right counts of term occurrences despite the OCR
errors. Here, the long tail of the confusion matrix might be less of a problem,
as we may choose to only query for the most common mistakes, assuming that
the pattern in the total counts will not be affected much by the infrequent ones.
CV output could be used to lower counts for low precision results, while CV
alternatives could be used to increase counts for low recall matches. For T3.a,
a variant of T3 where the occurrence over time of one term is compared to
another, the confusion matrix could also be used to warn scholars if one term is
more susceptible to OCR errors than the other. Likewise, a different distribution
of the CV output for the two terms might be flagged in the interface to warn
scholars about potential bias. For T3.b, a variant where the occurrence of a term
in different newspapers is analyzed, the CV values could likely be used to indicate
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different distributions in the sources, for example to warn for systematic errors
caused by differences in print quality or fonts between the two newspapers.

For task T4 (not in the table), the use of OCRed texts in other tools, our
findings are also mainly negative. Very few text analysis tools can, for example,
deal with different confidence values in their input, apart from the extensive
standardization these would require for the input/output formats and interpre-
tation of these values. Additionally, many tools suffer from the same limitation
that only their overall performance on a representative sample of the data has
been evaluated, and little is known about their performance on a specific use
case outside that sample. By stacking this uncertainty on top of the uncertain
OCR errors, predicting its behavior for a specific case will be even harder.

5 Conclusions

Through interviews we conducted with scholars, we learned that while the uncer-
tain quality of OCRed text in archives is seen as a serious obstacle to wider adap-
tion of digital methods in the humanities, few scholars can quantify the impact
of OCR errors on their own research tasks. We collected concrete examples of
research tasks, and classified them into categories. We analyzed the categories
for their susceptibility to OCR errors, and illustrated the issues with an example
attempt to assess and reduce the impact of OCR errors on a specific research
task. From our literature study, we conclude that while OCR quality is a widely
studied topic, this is typically done in terms of tool performance. We claim to be
the first to have addressed the topic from the perspective of impact on specific
research tasks of humanity scholars.

Our analysis shows that for many research tasks, the problem cannot be
solved with better but still imperfect OCR software. Assessing the impact of the
imperfections on a specific use case remains important.

To improve upon the current situation, we think the communities involved
should begin to approach the problem from the user perspective. This starts
with understanding better how digital archives are used for specific tasks, by
better documenting the details of the digitization process and by preserving
all data that is created during the process. Finally, humanity scholars need to
transfer their valuable tradition of source criticism into the digital realm, and
more openly criticize the potential limitations and biases of the digital tools we
provide them with.
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3. Bingham, A.: The digitization of newspaper archives: opportunities and challenges
for historians. Twentieth Century Br. Hist. 21(2), 225–231 (2010)

4. Bron, M.; Exploration and contextualization through interaction and concepts.
Ph.D. Thesis (2013)

5. Brown, C.D.: Straddling the humanities and social sciences: the research process
of music scholars. Libr. Inf. Sci. Res. 24(1), 73–94 (2002)

6. Cohen, D.J., Rosenzweig, R.: Digital History: A Guide to Gathering, Preserving,
and Presenting the Past on the Web, vol. 28. University of Pennsylvania Press,
Philadelphia (2006)

7. Croft, W.B., Harding, S., Taghva, K., Borsack, J.: An evaluation of information
retrieval accuracy with simulated OCR output. Technical report, Amherst, MA,
USA (1993)

8. Fuhr, N., Hansen, P., Mabe, M., Micsik, A., Sølvberg, I.T.: Digital libraries: a
generic classification and evaluation scheme. In: Constantopoulos, P., Sølvberg,
I.T. (eds.) ECDL 2001. LNCS, vol. 2163, pp. 187–199. Springer, Heidelberg (2001)

9. Holley, R.: How good can it get? Analysing and improving OCR accuracy in large
scale historic newspaper digitisation programs. D-Lib Mag. 15(3/4) (2009)

10. Holley, R.: Many hands make light work: public collaborative OCR text correction
in Australian Historic Newspapers. Technical report, National Library of Australia,
March 2009

11. Kettunen, K., Honkela, T., Lindén, K., Kauppinen, P., Pääkkönen, T., Kervinen,
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Abstract. An emerging trend in social media is for users to create and
publish “stories”, or curated lists of web resources with the purpose of
creating a particular narrative of interest to the user. While some stories
on the web are automatically generated, such as Facebook’s “Year in
Review”, one of the most popular storytelling services is “Storify”, which
provides users with curation tools to select, arrange, and annotate stories
with content from social media and the web at large. We would like
to use tools like Storify to present automatically created summaries of
archival collections. To support automatic story creation, we need to
better understand as a baseline the structural characteristics of popular
(i.e., receiving the most views) human-generated stories. We investigated
14,568 stories from Storify, comprising 1,251,160 individual resources,
and found that popular stories (i.e., top 25% of views normalized by
time available on the web) have the following characteristics: 2/28/1950
elements (min/median/max), a median of 12 multimedia resources (e.g.,
images, video), 38 % receive continuing edits, and 11% of the elements
are missing from the live web.

Keywords: Stories · Storify · Storytelling · Social media · Curation

1 Introduction

Storify is a social networking service launched in 2010 that allows users to create
a “story” of their own choosing, consisting of manually chosen web resources,
arranged with a visually attractive interface, clustered together with a single
URI and suitable for sharing. It provides a graphical interface for selecting URIs
of web resources and arranging the resulting snippets and previews (see Fig. 1),
with a special emphasis on social media (e.g., Twitter, Facebook, Youtube, Insta-
gram). We call these previews of web resources “web elements”, and the anno-
tations Storify allows on these previews we call “text elements”.

We would like to use Storify to present automaticaly created summaries of
collections of archived web pages in a social media interface that is more familiar
users (as opposed to custom interfaces for summaries, e.g. [11]). Since the stories
in Storify are created by humans, we model the structural characteristics of these
stories, with particular emphasis on “popular” stories (i.e., the top 25 % of views,
normalized by time available on the web).
c© Springer International Publishing Switzerland 2015
S. Kapidakis et al. (Eds.): TPDL 2015, LNCS 9316, pp. 267–279, 2015.
DOI: 10.1007/978-3-319-24592-8 20
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Fig. 1. Example of creating a story on Storify.

In this paper, we will build a baseline for what human-generated stories
look like and specify the characteristics of the popular stories. We answer the
following questions: What is the length of the human-generated stories? What
are the types of resources used in these stories? What are the most frequently
used domains in the stories? What is the timespan (editing time) of the stories?
Is there a relation between the timespan and the features of the story? Is there
a relation between the popularity of the stories and the number of elements? Is
there a relation between the popularity and the number of subscribers of the
authors? What differentiates the popular stories? How many of the resources in
these stories disappear every year? Can we find these missing resources in the
archives?

To answer these questions, we analyzed 14,568 stories from Storify comprising
1,251,160 elements. We found that popular stories have a min/median/max value
of 2/28/1950 elements, with the unpopular stories having 2/21/2216. Popular
stories have a median of 12 multimedia resources (the unpopular stories have a
median of 7), 38 % receiving continuing edits (as opposed to 35 %), and only 11 %
of web elements are missing on the live web (as opposed to 13 %). The authors
of popular stories have min/median/max value of 0/16/1,726,143 subscribers,
while the authors of unpopular stories have 0/2/2469 subscribers. We found
that there is a nearly linear relation between the timespan of the story and the
number of web elements. We also found that only 11 % of the missing resources
could be found in public web archives.
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2 Related Work

There have been many studies on how the social media is being used in social
curation [4,10,12,19,20]. Seitzinger defined social curation as the discovery, selec-
tion, collection and sharing of digital artifacts by an individual for a social pur-
pose such as learning, collaboration, identity expression or community partici-
pation [15].

Duh et al. [4] studied how Togetter, a popular curation service in Japan, was
being used for the social curation of microblogs, such as tweets. They studied the
motivation of the curator through defining the topics being curated. They found
that there are a diverse number of topics and a variety of social purposes for the
content curation, such as summarizing an event and discussing TV shows.

Zhong et al. [20] studied why and how people curate using data sets of three
in January 2013 for Pinterest, and over the month of December 2012 for Last.fm.
They found that curation tends to focus on items that may not be high ranked in
popularity and search rankings, which slightly contradicts our finding in Sect. 4.3.
They also found that curation tends to be a personal activity more than being
social.

Storify has been used in many studies by journalists [16] and also to explore
how curation works in the classroom [8,9]. Cohen et al. believe that Storify can
be used to encourage students to become empowered storytellers and researchers
[3]. Laire et al. [8] used Storify to study the effect of social media on teaching
practices and writing activities.

Stanoevska-Slabeva et al. [16] sampled 450 stories from Storify about the
Arab Spring from December 2010 to the end of August 2011. They found that
social media curation is done by professionals as well as amateurs. They also
found that the longer coverage stories use more resources. They also found that
the stories created by both professionals and amateurs presented the primary
gatewatching characteristics.

Kieu et al. [6] proposed a method for predicting the popularity of social
curation content based on a data set from Storify. They used a machine learning
approach based on curator and curation features (for example, the number of
followers, the number of stories for the users, and the time that the user started
using Storify) from stories. They found that the curator features perform well
for detecting the popularity. In this paper, we also investigate if there is relation
between the number of views and the features of the story, such as the number
of elements.

3 Constructing the Data Set

We created the data set by querying the Storify Search API1 with the most
frequent 1000 English keywords issued to Yahoo2. We retrieved 400 results for
each keyword, resulting in a total of 145,682 stories downloaded in JavaScript
1 http://dev.storify.com/api.
2 http://webscope.sandbox.yahoo.com/catalog.php?datatype=l.

http://dev.storify.com/api
http://webscope.sandbox.yahoo.com/catalog.php?datatype=l
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Object Notation (JSON). We created the data set in February, 2015 and only
considered stories authored in 2014 or earlier, resulting in 37,486 stories. We
eliminated stories with only zero or one elements or zero views, resulting in only
14,568 unique stories authored by 10,199 unique users and containing a total of
1,251,160 web and text elements.

4 Characteristics of Human-Generated Stories

Table 1 contains the distribution of story views, web and text elements, and
number of subscribers for the story authors. We show the distribution percentiles
instead of averages because the distribution of the data is long-tailed. The times-
pan is the time interval (in hours) in which users edit their stories and is calcu-
lated by taking the difference between the story creation-date and last-modified
date. The median for all stories is 23 web elements and 1 text element, and 44 %
of the stories have no text elements at all. Due to the large range of values we
believe median is a better indicator of “typical values” rather than mean.

Table 1. Distribution of the features of the stories in the data set. Timespan is mea-
sured in hours.

Features Views Web elements Text elements Subscribers Timespan

25th percentile 14 10 0 0 0.18

50th percentile 51 23 1 4 3

75th percentile 268 69 9 21 120

90th percentile 1949 210 19 85 1747

Maximum 11,284,896 2,216 559 1,726,143 36,111

4.1 What Kind of Resources are in Stories?

Using the Storify-defined categories reflected in the UI (Fig. 1), the 1,251,160
elements consist of: 70.8 % links, 18.4 % images, 8.1 % text, 2.0 % videos, and
0.7 % quotes. Text elements are relatively rare, meaning that few users choose
to annotate the web elements in their story.

4.2 What Domains are Used in Stories?

To analyze the distribution of domains in stories, we canonicalized the domains
(e.g., www.cnn.com → cnn.com) and dereferenced all shortened URIs (e.g., t.co,
bit.ly) to the URIs of the final locations. This resulted in 25,947 unique domains
in the 14,568 unique stories.

Table 2 contains the top 25 domains of the resources ordered by their fre-
quency. The list of top 25 hosts represents 92.3 % of all the resources. The table

www.cnn.com
http://cnn.com
http://t.co
http://bit.ly
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Table 2. The top 25 hosts that are used in human-generated stories. The percentage
is the frequency of the host out of 1,150,399.

Host Frequency Percentage Alexa Global Rank
as of 2015-03

Category

twitter.com 943,859 82.05 % 8 Social media

instagram.com 45,188 3.93 % 25 Photos

youtube.com 22,076 1.92 % 3 Videos

facebook.com 13,930 1.21 % 2 Social media

flickr.com 7,317 0.64 % 126 Photos

patch.com 5,783 0.50 % 2,096 News

plus.google.com 3,413 0.30 % 1 Social media

tumblr.com 3,066 0.27 % 31 Blogs

blogspot.com 1,857 0.16 % 18 Blogs

imgur.com 1,756 0.15 % 36 Photos

coolpile.com 1,706 0.15 % 149,281 Entertainment

wordpress.com 1,615 0.14 % 33 Blogs

giphy.com 1,055 0.09 % 1,604 Photos

bbc.com 966 0.08 % 156 News

lastampa.it 927 0.08 % 2,440 News

pinterest.com 892 0.08 % 32 Photos

softandapps.info 861 0.07 % 160,980 News

photobucket.com 768 0.07 % 341 Photos

nytimes.com 744 0.06 % 97 News

soundcloud.com 736 0.06 % 167 Audio

wikipedia.org 736 0.06 % 7 Encyclopedia

repubblica.it 682 0.06 % 439 News

theguardian.com 588 0.05 % 157 News

huffingtonpost.com 572 0.05 % 93 News

punto-informatico.it 570 0.05 % 42,955 News

also contains the global rank of the domains according to Alexa as of March
2015. Note that plus.google.com has rank one because Alexa does not differenti-
ate plus.google.com from google.com. We manually categorized these domains in
a more fine-grained manner than Storify provides with its “links, images, text,
videos, quotes” descriptions (Sect. 4.1).

Although the top 25 list of domains appearing in the stories is dominated
by globally popular web sites (e.g., Twitter, Instagram, Youtube, Facebook),
the long-tailed distribution results in the presence of many globaly lesser known
sites. In Sect. 4.3 we investigate the correlation between Alexa global rank and
rank within Storify.

http://plus.google.com
http://plus.google.com
http://google.com
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The Embedded Resources of twitter.com. Since Twitter is the most popu-
lar domain (> 82 % of web elements), we investigate if the tweets have embedded
resources of their own. This captures the behavior of users including tweets in
the stories because the tweets are surrogates for embedded content. We sampled
5 % from Twitter resources (47,512 URIs). Of sampled tweets in the stories, 32 %
(15,217) have embedded resources, of which there are 14,616 unique URIs. Of
the 15,217, 46 % are photos from twitter.com (hosted at twimg.com). Table 3
contains the most frequent 10 domains for the embedded resources, which rep-
resent 61.6 % of the all the URIs embedded in tweets. Note that some Storify
stories (0.49 %) point to other stories in Storify.

Table 3. The most frequent 10 hosts in the embedded resources of the tweets.

Domain Percentage Category

twimg.com 46.17 % Images

instagram.com 4.28 % Images

youtube.com 2.82 % Videos

linkis.com 2.04 % Media sharing

facebook.com 1.40 % Social Media

wordpress.com 0.61 % Blogs

vine.co 0.53 % Videos

blogspot.com 0.52 % Blogs

storify.com 0.49 % Social Network

bbc.com 0.44 % News

4.3 Correlation of Global and Storify Popularity

We calculate the correlation between the frequency of the domains and their
Alexa global traffic ranking. Table 4 shows Kendall’s Tau τ correlation coefficient
for the most frequent n domains. Statistically significant (p < 0.05) correlations
are bolded. The highest correlation is 0.45 for list of 15 domains. From the results
we notice that most of the time the highly ranked real-world resources, such as
twitter.com, are correspondingly the most used in human-generated stories. This
is interestingly in contrast with [20], which found that the most frequent sites on
Pinterest had low Alexa Global Ranking. That possibly returns to the different
nature of the usage of both sites. In Pinterest, users pin photos or videos of
interest to create theme-based image/video collections such as hobbies, fashion,
events. The most used subject areas that are being used by Pinterest users are
food and drinks, décor and design, and Apparel and Accessories [5]. Most of the
pins on Pinterest come from blogs, or uploaded by users. In Storify, the people
tend to use social media and web resources to create their narratives about
events, or something of interest.

http://twitter.com
http://twimg.com
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Table 4. The correlation between the most frequent n domains in the stories and their
global Alexa Ranking.

n 10 15 25 50 100

Kendall’ τ 0.1555 0.4476 0.3372 0.3194 0.2485

4.4 What is the Average Timespan for Stories?

Table 5 shows the percentage of the stories in each time interval. The table
also shows the corresponding features of the stories which are divided by their
timespan. We normalized the number of views by the age of the story (the time
of existence of the story on the live web). The first two intervals represent the
stories that were created and modified, then published with no continuing edits.

We see that the majority of the stories in the data set were created and
edited in the span of one day. There are 14 % of Storify users who update their
stories over a long period of time, with the longest timespan in our data set
covering more than four years and with more than 13,000 views. Curiously, it
had only 33 web elements and 51 total elements. Although the story with the
longest timespan did not have the largest number of elements, from Table 5 we
can see that based on the median number of elements in each interval there is
nearly linear relation between the time length of the story and the number of
elements.

Table 5. The percentage of the stories based on the editing interval along with the
median of web elements, text elements, and views. The percentage is out of 15,568
stories.

Intervals Percentage Median web
elements

Median text
elements

Median views

0–60 seconds 14.0 % 15 0 23

1–60 minutes 26.7 % 19 0 53

1–24 hours 23.4 % 25 5 110

1–7 days 13.5 % 26 7 78

1–4 weeks 8.4 % 26 9 80

1–12 months 10.9 % 38 2 129

1–4 years 3.1 % 56 15 156

5 Decay of Elements in Stories

Resources on the web are known to disappear quickly [7,14,18]. In this section
we investigate how many resources in the stories are missing from the live web
and how many are available in public web archives. We checked the live web and
public web archives for 265,181 URIs (202,452 URIs from story web elements +
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47,512 randomly sampled tweet URIs + 15,217 URIs of embedded resources in
those tweets), in which there are 253,978 unique URIs. We examined the results
of the five most frequent domains in the stories (twitter.com, instagram.com,
youtube.com, facebook.com, flickr.com).

5.1 Existence on the Live Web

From all the web resources, we checked the existence of the 253,978 unique URIs
on the live web. We also checked the pages that give “soft 404s”, which return
HTTP 200, but do not actually exist [2]. The left two columns of Table 6 contain
the results of checking the status of the web pages on the live web. Of all the
unique URIs, 11.8 % are missing on the live web. The table also contains the
results of the five most frequent domains and all other URIs. We also included
the results of checking the existence of Twitter embedded resources at the bottom
of the table. From the table, we conclude that the decay rate of social media
content is lower than the decay rate of the regular web content and websites.

Table 6. The existence of the resources on the live web (on the left) and in the archives
(on the right). Available represents the requests which ultimately return “HTTP 200”,
while missing represents the requests that return HTTP 4xx, HTTP 5xx, HTTP 3xx
to others except 200, timeouts, and soft 404s. Total is the total unique URIs from each
domain.

Resources Existence on live web Found in archives

Available Missing Total Of the available Of the missing Total

Twitter 95.5% 4.5% 47,385 0.9% 3.4% 477

Instagram 86.6% 13.4% 43,396 0.3% 0.07% 103

Youtube 99.3% 0.7% 19,809 16.0% 0.75% 3,140

Facebook 95.2% 4.8% 12,793 0.6% 0.49% 80

Flickr 95.6% 4.4% 6,859 0.4% 0.0% 25

others 82.1% 17.9% 109,120 26.8% 15.5% 27,033

Twitter resources 90.1% 9.9% 14,616 8.0% 14.1% 1,257

5.2 Existence on the Live Web as a Function of Time

We measured the decay of the resources of Storify stories in time by measuring
the percentage of the missing resources in the stories over time. For this experi-
ment, we used the 249,964 (all the URIs excluding twitter embedded resources)
resources in 14,513 stories to check the rate of the decay in the stories.

We found that 40.8 % of the stories contain missing resources with an average
value of 10.3 % per story. Figure 2 contains the distribution of the creation date
of stories in our data set in each year and the percentage of the missing resources
in each corresponding year. From the graph, we can infer a nearly linear decay
rate of resources through time. This finding is very similar to the findings by
SalahEldeen and Nelson [13], in which they found that resources linked to from
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social media resources disappeared at rate of 11 % the first year and 7 % for each
following year.

5.3 Existence in the Archives

We checked the 253,978 pages for existence in general web archives in March
2015. The existence in the web archives was tested by querying Memento proxies
and aggregator [17].

The right-most columns of Table 6 contain the percentage of the URIs found
in the web archives out of the missing and the available URIs on the live web. In
total, 12.6 % of the URIs were found in the public web archives. Of the missing
resources (29,964), 11 % were found in public web archives. From the table we
notice that the social media is not well-archived like the regular web [1]. Facebook
uses robots.txt to block web archiving by the Internet Archive, but the other
sites do not have this restriction.

Fig. 2. The distribution of the stories per year and the decay rate of the resources in
these stories through time.

6 What Does a Popular Story Look Like?

In this section, we establish structural features for what differentiates popu-
lar stories from normal stories for building a baseline for the stories we will
automatically create from the archives. We divided the stories into popular and
unpopular stories based on their number of views, normalized by the amount
of time they were available on the web. We took the top 25 % of stories (3,642
stories) that have the most views and consider those as the popular stories.
The 75th percentile of the views that we separated the data based on is 377
views/year.
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Fig. 3. Characteristics of popular and unpopular stories.

6.1 The Features of the Stories

We considered the distributions of several features of the stories: number of
web elements, the number of text elements, and the editing timespan. We also
check if there is a relation between the popular stories and the relative number
of subscribers. Furthermore, we test if popular stories are different from the
unpopular stories using Kruskal-Wallis test, which allows comparing two or more
samples that are independent and have different sample sizes.

We found that at the p ≤ 0.05 significance level, the popular and the unpopu-
lar stories are different in terms of most of the features: number of web elements,
text elements, timespan, and subscribers. Figure 3(a) shows that popular stories
tend to have more web elements (medians of 28 vs. 21) and a longer timespan
(5 hours vs. 2 hours) than the unpopular stories. The number of elements in
the popular stories is between 2 to 1950 web elements with median = 28 and
text elements from 0 to 559 with median = 1. The popular stories tend to have
longer editing time intervals than the unpopular stories. For the popular stories,
38 % have an editing timespan of at least one day, while 35 % of the unpopular
stories have this feature. The maximum editing time in the popular stories is
4.1 years, while it is 3.5 years for unpopular stories.
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6.2 The Type of Elements

Figure 3(b) shows the distributions for the popular and the unpopular stories
for each element type. The figure shows that the distribution of the images in
popular stories is higher than the distribution for the images in the unpopular
stories. The median number of images in popular stories is 10, while it is 5 in the
unpopular stories. For the videos the median is 2 for both popular and unpopular.
Although the unpopular stories tend to use links more than the popular stories,
the median of the links in popular stories (20 links) is higher than the unpopular
stories (16 links). We also test if popular stories are different from the unpopular
stories using the Kruskal-Wallis test, based on the elements and found p ≤ 0.05
for all tests.

6.3 Do Popular Stories Have a Lower Decay Rate?

We checked the existence of the missing resources of the popular stories and the
unpopular stories to investigate if there is a correlation between popularity and
lower decay rate. We found that for the popular stories, 11.0 % of the resources
were missing, while 12.8 % of the resources were missing for unpopular stories.
Figure 3(a) contains the distribution of the percentage of missing resources per
story in popular and unpopular stories. It shows that the resources of the pop-
ular stories tends to stay longer than the resources of the unpopular. The 75th
percentile of decay rate per popular story is 10 % of the resources, while it is
15 % in the unpopular stories.

7 Conclusions and Future Work

In this paper, we presented the structural characteristics of the human-generated
stories on Storify, with particular emphasis on “popular” stories (i.e., the top
25 % of views, normalized by time available on the web). Upon analyzing 14,568
stories, the popular stories have median value of 28 elements, while the unpopular
stories have 21. The median value of multimedia elements in popular stories is 12,
with only 7 in unpopular stories. Of the popular stories, 38 % receive continuing
edits (as opposed to 35 %), and only 11 % of web elements are missing on the
live web (as opposed to 13 %). We found that there is nearly a linear relation
between the timespan of the story and the number of web elements. There were
11.8 % of the resources missing from the live web, in which 11 % were found in
the archives. The percentage of the missing resources is proportional with the
age of the stories.

Future work will include investigating if these structural characteristics of
stories hold for other social media storytelling services, such as paper.li, scoop.it,
and pinterest.com. This study also will inform our future work of automatically
creating stories to summarize collections of archived web pages. Using the struc-
tural characteristics of human-generated stories, such as number of elements,
timespan, and a distribution of domains and types of resources, will provide us
with a template with which to evaluate our automatically created stories.

http://paper.li
http://scoop.it
http://pinterest.com
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Abstract. Browsing is a part of book seeking that is important to readers,
poorly understood, and ill supported in digital libraries. In earlier work, we
attempted to understand the impact of browsing on book borrowing by exam-
ining whether books near other loaned books were more likely to be loaned
themselves, a phenomenon we termed the neighbour effect. In this paper we
further examine the neighbour effect, looking specifically at size, interaction
with search and topic boundaries, increasing our understanding of browsing
behaviour.

Keywords: Browsing � Books � Libraries � Information seeking � Classifica-
tion systems � Log analysis

1 Introduction

Participants in a 2007 study comparing physical and digital libraries noted there is no
digital analogue of library shelves for book seeking, particularly in terms of seren-
dipitous discovery [1]; that same year Rowlands noted the dearth of literature on book
selection [2]. Despite later research on book selection, reader behaviour at the library
shelves remains largely mysterious.

Key models of information seeking include elements that focus on browsing and
exploration [3, 4]. The literature on book seeking also shows that readers consider
browsing an important part of book seeking [1, 5, 6]. Readers in both academic [5, 7]
and public [8] libraries note lack of browsing support as a reason for avoiding the use
of ebooks. Libraries increasingly offer ebooks alongside or in place of print, so
avoiding them is likely to negatively affect readers.

Despite readers’ insistence that browsing is important, until last year there was little
literature on its impact on book use. Our prior work [9] leveraged two established
digital library techniques—examining physical libraries [1, 6, 7] and transaction log
analysis [10, 11]—to determine whether physical layout of library shelves affects book
borrowing patterns. In that work we specifically examined whether proximity to a
loaned book increases the chance a book will itself be loaned: we found a strongly

© Springer International Publishing Switzerland 2015
S. Kapidakis et al. (Eds.): TPDL 2015, LNCS 9316, pp. 280–294, 2015.
DOI: 10.1007/978-3-319-24592-8_21



significant increase in this likelihood that we termed the neighbour effect. This paper
refines the neighbour effect by examining day-of-week variance, the distance between
relatively nearby books borrowed on the same day (co-borrowed books), the impact of
topic boundaries, and the distance between co-borrowed books in search results. Given
the prevalence of complaints about digital library browsing systems [1, 6, 12],
developing a better understanding of browsing in is a vital step to improving users’
experience of DLs. This paper thus aims to increase and improve our understanding of
browsing. Section 2 presents the background literature, Sect. 3 our methodology.
Section 4 presents the results, which are compared to the literature in Sect. 5. We
finally draw conclusions and suggest future work in Sect. 6.

2 Background Literature

In this section we will first present the work on browsing in the context of information
seeking behaviour, then cover browsing and browsing technologies. Next we will cover
the literature on book selection; finally we summarise our previous work that this paper
extends.

2.1 Browsing in Human Information Seeking Behaviour

Browsing is a central activity in many major models of information seeking (e.g. [3,
4]). The common models are primarily linear, with elements that address search and
triage. Browsing in these models is closely interleaved with search and used for
exploration and triage. Beyond these models, serendipity—the opportunity to discover
information one otherwise would not—is a key attribute of browsing. Savvy infor-
mation seekers leverage their surroundings to increase the likelihood of serendipity
[13], a strategy also used at the library shelves [1, 6, 14].

2.2 Browsing and Browsing Technologies

Bates—who wrote the seminal work on browsing in electronic environments [15]—
also provides a working definition of browsing grounded in a broad literature [16]. She
described it as the process of glimpsing a ‘scene’ (a large collection of potentially
interesting objects) sequentially examining objects of interest, and retaining or dis-
carding these. Given this definition, library shelves are, as noted in earlier work on
libraries [14], ideally suited to browsing.

More than 20 years since Bates’ seminal paper [15], online browsing systems
remain under-researched. It may be argued that search results [17], and faceted search
in particular [18], re-present opportunities to browse online, however both the limited
number of results presented, and the need to navigate away from the ‘scene’ (or search
results) to examine items in depth contravene Bates’ definition of browsing [16]. These
limitations also negatively affect the close interleaving of search and browse found in
information seeking models [3, 4]. The need to prime search-based systems with query
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terms—a difficult task with imprecise information needs [19]—also limits their use-
fulness [20].

The literature on browsing-specific systems is limited. A 1995 paper presents an
early shelf metaphor system intended for children [10], and a 2004 paper presents three
browsing tools within the Greenstone DL system [21]. These tools are, however, only
proofs-of-concept. Book browsing systems have been more common in recent
research: e.g. exploiting a shelf metaphor [14]; using the non-bibliographic book
features readers say they use in decision making [22], and Pearce’s iFish tool [23],
which creates browsing sets based on user-specified preferences. Whichbook (http://
www.openingthebook.com/whichbook/) is one of a number of increasingly common
commercial systems. None of these tools however, is rooted in a detailed understanding
of browsing behaviour, and none has yet been the subject of rigorous evaluation. The
emergence of commercial systems both reinforces the need for research-based
approaches, and renders the topic of browsing relevant and timely.

2.3 The Book Selection Process

Rowlands’ 2007 critique of the limited research on book selection [2] has been fol-
lowed by a steady growth in that literature. The process of choosing a book in a library
can be divided into 5 components: identifying a need for a book; searching (this step
may be skipped); locating books of interest; choosing among them; and reading or
otherwise using selected books. Catalogue book search, while it has major usability
problems [11, 24], is well-studied elsewhere and not the focus of this work; we will not
discuss it further. Similarly, the nature of reading—while an interesting open research
question [25]—will not be further discussed here.

There is some work on how readers identify both fiction [8, 26] and non-fiction
[27, 28] books of interest. Personal recommendations and shelf browsing are frequently
reported, while search appears rare. There is a limited but growing literature on how
readers identify and select books at the shelves. Research on children [29, 30] notes
that they focus on eye-level shelves, and that shelf order affects the books they select.
Adults are also affected by shelf height, though less than children are [7]. Like children
[30], they struggle with some aspects of shelf layout in libraries [20], but adults also
exploit it, using librarian created displays or recent returns [7, 8, 26] as information
resources. Savvy library users value the shelves as a finding aid and relevance cue, and
note there is no online equivalent [1]. Participants in numerous studies have said they
value the opportunity to browse shelves, even giving it as a reason for avoiding the use
of ebooks [1, 5, 7].

Decision-making at the shelves is progressive—looking, then looking more closely,
then taking books off the shelf [7, 29]. Readers flip pages, and use index, blurb, and
images to determine relevance [6, 7]. These cues are also used in ebooks, but other
non-bibliographic cues that are not replicated online—such as dust, book size, and
location—are also used [1, 6].

The process of examining shelves and choosing books mirrors Bates’ definition of
browsing [16]; indeed it seems likely that libraries, classification schemes and shelves
have evolved to create a physical browsing engine [31]. The importance to users of
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browsing is supported by numerous small studies, including [1, 6, 7]. A larger study
from 1993 demonstrates that browsing also affects the books readers select: over half of
those who located one book identified by searching borrowed at least one further book
[32]; a contemporaneous study noted that books near each other on the shelves were
likely to be borrowed together [33]. Given the age of these studies and the ascendance
of search in the intervening time, it seems reasonable to ask whether browsing still
holds such sway: this paper investigates the impact of browsing on book loans.

2.4 Our Previous Work

The only recent study of the impact of browsing—or more specifically shelf location—
on loans within academic libraries is our own [9]. We used a large publicly available
circulation dataset from the OCLC [34], and selected six libraries based on a set of
criteria to ensure their broad similarity. We created a shelf-sorted book set including
circulation data for each library.

Circulation data only records the most recent loan for each book; given this limi-
tation we used two tests to look for a neighbour effect. We compared the number of
loans among the ten nearest neighbours (five either side) of loaned and unloaned books
on the final date recorded in the data, and for randomly selected loans we compared the
number of loans among the nearest neighbours on the loan date and on the day before.
Both tests showed a strongly significant neighbour effect, supporting our hypothesis
that browsing influences loan patterns. One significant limitation remains: without
patron data, we cannot prove, for any co-borrowing, that it is the result of use by a
single patron. There is a preponderance of evidence, though, in the form of observation
[1, 6, 32], log analysis [33] and user self-reporting [5, 8, 26, 27] that makes browsing a
logical explanation for a significant proportion of this activity.

The tests we used in this early work were a fairly blunt instrument: they examined a
fixed number of books, and did not take search, day-of-week effects or topic boundaries
into account. This work aims to refines our method, deepening our understanding of
browsing along these axes.

3 Methodology

This paper extends the methodology of our previous work [9]. We will briefly review
our dataset, then describe four new tests employed to examine the patterns of
co-borrowing.

3.1 Dataset

We used the same six sample libraries as our previous work: Cedarville, Dennison,
Case Western Reserve University (CWRU), Oberlin, Ohio Northern (ON) and Ohio
State University (OSU). For this study, we omitted Oberlin’s Dewey collection, though
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we retained Oberlin’s LC collection: the former has a fragmented floor layout1 limiting
browsing opportunities. We mitigated against overwritten loans (circulation data stores
only the most recent loan) by using data from the end of the dataset’s collection period,
in many cases the final week. The final week of data for OSU, however, had less than
half the annual average number of loans per week (650, in comparison with 1592) so
we used the penultimate week’s data (1071 loans).

3.2 Tests

We conducted four separate tests on our datasets. Our tests primarily involve the ten
closest books to an individual text: five to its left and five to the right (duplicates are
discarded—they form < 3 % of any collection and usually < 1 %). We refer to this set,
which we also used in our previous work, as N10. The only study similar to ours used a
width of two [33], or N4.

Shape of the Neighbour Effect: Books within the N10 set will usually be on the same
shelf as a target book: 10 books is simply not enough to see the books above and below
a borrowed book, nor is it wide enough to tell us when the neighbour effect disappears.
Using the final week sets described above, we calculated for each borrowed book the
distance to its nearest borrowed neighbour, and the number of books borrowed at each
distance out to 150 books either side. We examined this data to see how rapidly the
neighbour effect falls away, and whether there are secondary co-borrowing peaks that
could account for books above and below a target book.

Day of the Week Effects: There is a known ‘day of the week’ effect on search
behaviour in information retrieval [35, 36], representing changes in user behaviour
based on context. The same effects in browsing data would reinforce our impression
that the neighbour effect is a product of intentional human behaviour, and not random
co-borrowing. We compared the strength of the neighbour effect at N10 on the busiest
and least busy days of the week (based on the final year of loans data), and compared
weekdays with weekends. To ensure that we had a representative time sample we ran
this comparison over all complete weeks in 2008 (the final year of data collection—
data ceases for all collections in late April or early May).

Comparing Search and Browsing: One explanation for co-borrowing is that users
may identify books individually in search and select them independently of one
another. While early studies [32, 33] do not support this, the increasing dominance of
search [23, 28] suggests that search could be responsible for these results. We created a
stop-worded log-rule search index [37] for the titles of the books (the only metadata we
had, but data that is frequently used in book search [11, 24, 38]).

We then collated all the possible pairs of books borrowed on the same day in the
final week. Those pairs within their N10 shelf-set were identified first to create the shelf
co-borrowing set. We did two searches against the titles index: a title search, and a

1 See http://www.oberlin.edu/library/main/2.html.
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keyword search on their shared title words. Where one book and another loaned on the
same day both appeared in the top ten search results (the only results most users look at
[37]), they were considered to be search co-borrowings. This created both a title search
set and a shared title keyword set of co-borrowings. The difference in result ranking of
two results was deemed to be their search distance. For any book pairs that had both
shelf (within N10) and search proximity, we determined which distance was shorter
(and hence a better explanation for the co-borrowing).

Topic Boundaries: Earlier work suggests that shared topic is almost as important as
shared shelf location, even where books are not co-located [33]. Topic and shelf
location are intertwined in academic libraries [31]: to investigate this relationship we
examined loans near topic boundaries. Topic boundaries were categorised as 3, 2, 1 or
0; rank 3 indicated a difference in the first digit of the call number, 2 the second, 1 the
third and 0 none before this. We identified the borrowings near topic boundaries, then
did a closer analysis where there was sufficient data.

4 Results

This section reports results for each of the four individual tests described in Sect. 3. We
subsequently summarize our findings and point to limitations of our study.

4.1 Shape of the Neighbour Effect

To examine the width of the neighbour effect, we first calculated the distance to nearest
co-borrowed book for all books loaned in the final week set. Not every visit to the
library will result in co-borrowings, and borrowing rates per book are low (annual
circulation ranged from 0.08 to 0.18 loans per book for all collections [9]). The data
shows a log-log distribution often seen in information behaviour [37]. Nearest
neighbour data is shown in Table 1, below:

The distribution of loans suggests a neighbour effect: many loans are close to their
nearest borrowed neighbour. Browsing likely accounts for many of the close-by loans,
but is unlikely to account for loans hundreds of books distant. There is one possible

Table 1. Shelf distance to nearest loan in number of books showing first three quartiles

Median Mean Std.dev Q1 Q2 Q3

Cedarville 571 1118 178 89 181 640
CWRU 2930 5437 1300 343 1297 3471
Dennison 1507 2177 898 189 919 2063
Oberlin 4917 9833 1910 189 1858 6198
ON 2351 3343 1056 170 992 2972
OSU 4281 8140 1795 471 1773 4585
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exception: examining nearest neighbour loans in groups of 50, four libraries (Dennison,
Oberlin, ON and OSU) show unexpected peaks between 650 and 700 or 700 and 750,
rather than the expected long flat tail. One possible explanation is borrowing from the
ends of shelves (as seen in [7]), though this is speculative in the absence of detailed
information about physical library layout.

After looking only at nearest neighbour information, we considered the data with
respect to all co-borrowings at the micro level (within N20) and the macro level (up to
N300).

Examining all neighbours at the micro-level reveals that the rate of co-borrowings
falls rapidly with distance for four libraries, but Cedarville and OSU show flatter
patterns (Fig. 1).

The macro-level view allows us to test for borrowing from above and below a
target book. Of course the number of books per shelf will vary, even within libraries,
due to variations in both shelf and book width. Averaging over a large enough sample,
however, may reveal a secondary peak representing the books above/below an index
book. These books, while closely co-located, are likely to represent greater topic dif-
ference than the books beside an index book.

Studies of recommender systems show that users will choose items that fall a little
outside what they expect [39]; and vertical neighbours on library shelves may have a
similar effect. We examined all neighbouring loans (not just the nearest) as we didn’t
want to exclude patterns where users borrowed books both above or below an index
book and on either side.

Figure 2 shows co-borrowing over 150 neighbouring books. Beyond 150, loans
enter a long flat tail. As expected, there are secondary peaks (in all collections): most
have two, one around the 50–70 mark, the next at 100–120. This suggests shelf wrap is
c. 60 books, and supports previous evidence [5] that users browse ‘three shelves’ above
and below a target book.
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4.2 Day of the Week Effect

The literature on both search [35, 36] and academic library usage [40] evidences
changes in usage between weekdays and weekends; we suspected that the same might
hold true for browsing. In view of this we examined both the total number of loans on
each day of the week for busy and quiet days (see Table 2), and compared weekdays to
weekends (see Table 3). We also compared the prevalence of the neighbour effect in
N10 against busy days and weekends.

In a χ2 test of distribution there was clear non-random variance across days of the
week at p < 0.001 for all libraries. For four libraries, the number of N10 loans was not
consistent with the overall change in loan rate according to day (see Table 2). In each of
those libraries neighbour borrowing was more prevalent on quiet days than we would
expect, showing a difference in borrowing behaviour: browsing is more likely on quiet
days.
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Cedarville Mon 21.0 374 2466 Sat 6.0 128 834 <0.0001 80.49

CWRU Wed 20.6 207 2846 Sat 4.8 93 668 <0.0001 26.85

Dennison Mon 21.0 36 847 Sat 2.4 11 103 0.0110 6.46
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A χ2 test of distribution of loans between weekends and weekdays showed
non-random variance of the overall loan rate at p < 0.001 in every library. Again, for
four libraries the change in N10 borrowing was not consistent with the overall change in
loan rate (see Table 3): N10 borrowing was more prevalent at the weekend, suggesting
more browsing and less ‘grab and go’ borrowing happening then.

Every library studied shows variance in N10 borrowing by day of the week that is
inconsistent with overall change in loan rate. In each case this is an increase in N10

borrowing on a day that is otherwise ‘quiet’. This change suggests altered behaviour at
the shelves—readers are more likely to browse during quiet times, perhaps because
they have more time to do so.

4.3 The Impact of Search

One key argument against the neighbour effect is that search can account for much of it:
users find items that are shelved close to each other during search, rather than from
browsing at the shelf. As described in Sect. 3.2, we assess the overlap between the shelf
and search co-borrowing pairs (both title and shared keyword searches), and deter-
mined for each of these whether books were closer using search or browse (Table 4, left
hand side).

While title and keyword search will not account for all possible search scenarios,
they are the most common methods [24, 38] seen in libraries. In our data, search only
accounts for a small proportion of shelf-based co-borrowings. The argument that search
causes co-borrowings is therefore unsustainable. Shelf browsing remains the simplest
explanation, accounting for more neighbouring and more total loans, both by rate and
by closeness of the pairs.

To further test whether search or shelf location was responsible for co-borrowing,
we again took N10 sets and allocated any borrowed neighbours to search or browse,

Table 3. Weekends vs weekdays for browsing: overall and neighbour loans
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whichever formed the nearer pair. To maintain independent sets, ties were discarded.
We then tested the search versus browse sets using a single-tailed χ2 test (Table 4 right
hand side). The data shows browsing having much more influence on co-borrowing
than search. Given readers’ penchant for convenience [5] this is unsurprising: books
co-located on a shelf one is visiting require little extra effort, while going to another
section of shelving takes additional time and effort [37].

4.4 Topic Boundaries

We assessed the impact of topic boundaries on neighbouring loans to understand the
interaction between topic and shelf layout. As described in Sect. 3, we defined three
levels of topic boundary: from 3 (at the top level of classification), to 0. Our first
discovery was that, notably, no book within 5 books of a top-level topic boundary had
ever been loaned in any library. Loan numbers were also low when examining level 2
boundaries. We tested this distribution against the nominal likelihoods for each
boundary, accounting for the number of topic boundaries and loan rates in each col-
lection, using a two-factor chi-squared test: see the left of Table 5.

Topic boundaries appear to discourage loans: this may be related to how books are
shelved close to boundaries: e.g. a level 3 boundary will often begin on a new shelf;
given that users look less at top and bottom shelves [7, 29] it is not surprising that these
are disadvantaged.

Even at the lowest topic boundaries, loans are limited. Dennison and ON have such
small numbers of nearby loans—43 and 74 respectively—that we excluded them from
further analysis. For the remaining four libraries we created samples of 100 loans for
which N10 contained either a level-2 or level-1 boundary, then counted the number of
co-borrowed books in each set (i.e. the total sample book count of each type was 1000).
A two-tailed Fishers exact test was used to compare sets that included a level 1
boundary with sets with level 0 boundaries to see whether a topic boundary affects
neighbouring loans (Table 5, right); results were significant.
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Clearly topic, as defined by shelf classification, is an important factor in
co-borrowing: browsers are more likely to co-borrow within topic boundaries than
across them, and are less likely to borrow near topic boundaries than in the rest of the
collection.

4.5 Summary and Limitations

Clearly this study shares some of the limitations of our earlier work: we cannot, from
the data we have, prove that a single user is responsible for any co-borrowed pair. We
are also not privy to users’ motivations or behaviour at the shelf. Furthermore we do
not have all the metadata required to fully address search; having only title data we
cannot address author or other metadata. Nonetheless keyword searching and title
searching are the dominant strategies in book search behaviour, and titles represent a
linguistically user-friendly corpus [19].

We have examined different aspects of the neighbour effect to obtain new insights
into browsing behaviour. Nearest neighbour loans have an overall power-law distri-
bution. Secondary peaks in neighbouring loans were found at distances of 50–60 items.
Search accounts for some co-borrowings on the shelf, but not most, and it plausibly
generates its own co-borrowings. Across all our data, shelf-browsing accounts for more
co-borrowings than title search. The amount of browsing varies by day of the week in
all libraries. Finally, borrowing tends to occur within topic boundaries, suggesting that
shelf layouts and topic divisions influence borrowing patterns. Each of these findings is
novel, and represents a new understanding of human behaviour that could improve
digital library design.

5 Discussion

Our findings can be divided into two major themes: the interaction of search, topic, and
shelf, and the implications of reader context for browsing.

5.1 Shelf, Topic and Search

The dominant information discovery tool in every existing digital library system is
search. Our data demonstrates, though, that search alone cannot fully meet the needs of

Table 5. Number of loans occurring near classification boundaries at any time

Loans near L2
boundary

Remaining
loans

p χ2 (df = 2) L1 Neighbour
Loans

L0 Neighbour
loans

p (L1 vs
Lo)

Cedarville 52 92092 0 19288.220 6 20 0.00089
CWRU 19 248644 0 6340.184 2 18 0.0004
Oberlin 28 236920 0 4532.100 1 9 0.0212
OSU 78 304510 0 11795.026 0 12 0.0005
Dennison 11 57830 0 1209.737 Discounted due to lack of data
ON 71 36448 0 567.963 Discounted due to lack of data
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information seekers. Search explains some co-borrowings in our data, so we would
argue that it still plays a valuable role, but many more borrowings are poorly explained
by search and well-explained by browsing. Search is extremely well covered by the DL
literature (for a starting point see [37]); in contrast there is very little work on browsing.
The existing work on browsing is very limited in terms of proposed solutions, and even
where these have been proposed (for example [14, 20, 22, 23]) they have not been
adequately assessed for their effectiveness. Search effectiveness is assessed with
standard metrics [37]; similar metrics do not yet exist for browsing. Our work dem-
onstrates clearly that DLs need to support browsing, most currently do not.

Our data not only shows a need for browsing systems, it also suggests certain key
characteristics of such systems. Earlier work suggests browsers check ‘three shelves
before and after’ a target book—this is something in the range of 200–500 books. This
is considerably more books than are typically shown in search results, and an order of
magnitude more than is shown in some nascent browsing systems [23]. Research on
recommender systems has shown that a few ‘unexpected’ recommendations improve
user experience [39]. It is therefore likely that both volume and variety play a role in
browsing.

Topic is another clearly important feature of books: our data shows that
co-borrowing occurs primarily, though not exclusively, within topic boundaries.
Conversely, both our data and the literature [7, 26] suggest that readers occasionally
like to see ‘distant’ books. Physical shelves cannot be rearranged to meet individual
user needs, yet we know rearranging shelves affects book selection [41]. Electronic
shelves could—and should—leverage topic clustering that occurs across the boundaries
of traditional classification schemes to ‘rearrange the shelves’ to aid discovery; the
literature suggests this is likely to be useful [33]. The underlying data already exists
within classification schemes [31], but no DL system has yet offered readers these
options. Similarly DL systems could leverage topic classification schemes to offer
readers a very few different-but-interesting books based on topic data: this approach
would mimic the physical shelves, but, being data driven, would offer a higher chance
of success.

5.2 Reader Context

It is clear from our data that browsing, like search [35], is affected by day of the week.
The way in which co-borrowing is affected by day of the week—increasing on quiet
days, weekends, or both—suggests that reader context has a significant impact on
browsing behaviour. This dovetails with earlier work: students report staying longer in
the library when they do not have to rush to class [40], and academics report searching
the catalogue inside the library when they are looking for inspiration, and outside the
library when they are in a rush [6]. Similarly browsing the shelves [1, 6, 7] and
serendipitous discovery [13] are activities that require time and attention, which, when
a searcher is meeting an urgent information need, may not be available. This
context-dependent approach to browsing has significant implications for DL design:
users need to be able to ‘grab and go’ [7] when it suits them, but browsing facilities
should be a visibly tempting way for users to spend any extra time they have.
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6 Conclusions and Future Work

Not all who wander in libraries are lost: the library shelves afford browsing and
serendipitous discovery in ways that simply do not exist in current DL systems. Our
data demonstrates clearly that shelf arrangement and reader context—and thus
browsing—have a clear impact on borrowing that cannot be explained by search. To be
truly effective information resources, DL systems need to facilitate browsing; the lit-
erature shows that DLs are not meeting readers’ needs in this space. Our data further
points to clear design implications: it is not enough to offer users a small number of
books (as, for example in search results). The neighbour effect extends above and
below a target book, as well as to the left and right—a range of over 200 books.
Browsing systems also need to be optional: browsing happens under different cir-
cumstances to search, and users must be able to engage in the most appropriate
information seeking strategy for their context. If they have time, they should be visibly
tempted to linger and browse; if they do not, ‘grab and go’ should be an option.

Browsing is not just a necessity for DL systems, it is also an opportunity. DL
systems have the potential to offer features that cannot exist in the library shelves:
shelves can be rearranged to reflect cross-classification topic clustering, for example.
DL systems have the power to offer readers new and exciting paths to wander, and
must leverage that if they are to provide adequate user experience.

Our study, of course, does not answer all (or even most) of the questions about
browsing. To determine how much browsing occurs that does not result in loans, and
what users motivations are requires a different kind of study; these questions remain
future work.
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Abstract. This study aims to investigate the influences and interrelationships
between journals of library and information science in Taiwan, in terms of
information flow. Eleven Chinese journals and 2,031 articles during from 2001
to 2012 have been selected as subject and an 11 × 11 matrix was generated to
conduct journal-to-journal analysis. Several bibliometric indicators proposed by
Xhignesse and Osgood [16] have been examined, including indegree, outdegree,
sending-receiving and self-feeding ratios. Degree and betweenness centrality of
social network analysis have also employed to investigate the central and bro-
kerage position of eleven journals in terms of network structure. In addition to
overall structured analysis of twelve years, this study has furthering separated 12
years into three individual periods of four years to conduct a both synchronic
and diachronic journal-to-journal citation analysis. Finally, this study discussed
the implications and limitation of this study for Chinese journals of library and
information science in Taiwan.

Keywords: Information flow � Journal network � Journal citation analysis

1 Introduction

Scholarly journals and articles are published as a primary means to disseminate the
research results and progress of theoretical and practical advancements in most fields.
Thus researchers and professionals have used journals to exchange ideas and learn the
state-of-the-art information to support their studies and works. Seamlessly scholarly
journals and their articles have built up a communication network for researchers and
professionals.

Citation analysis is a useful approach to draw an image of scholarly communication
network based on intercitations between journals. Since a seminal work published by
Cason and Lubotsky [2], journal-to-journal citation study has often been used to
investigate the information influences, influenced, interrelationships and their patterns
between journals in a specific field, including accounting [11, 15], economy [6],
communication [14], distance education [17], genetics [10], information systems [13],
Internet research [12], management [3], psychology [4, 8, 16], social work [1],
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sociology [5], and water pollution and humanization of labor [7]. To our best
knowledge, there is nearly no study has examined the influences and interrelationships
of information flow between journals through by synchronic and diachronic citation
simultaneously. Therefore, this study will adopt a journal-to-journal citation to analyze
the influences and interrelationships embedded in 11 Chinese library and information
science (hereafter LIS) journals in Taiwan.

2 Literature Review

In a study of journal network, Xhignesse and Osgood [16] have used concepts of
receiver and source to examine the information exchange between psychological
journals in 1950 and 1960. They have also offered many fundamental bibliometric
indicators to measure the information flow of journal network and inspired many
studies of various disciplines, including accounting [11, 15], economy [6], education
[17], and genetics [10]. On the other hand, clustering and structural equivalence of
social network analysis (hereafter SNA) have been employed to categorize specific
field’s journals into various subject-based groups and then investigated the interrela-
tionships between categorized groups for selected journals. Such studies include
demography [9], psychology [4, 8], social work [1], and sociology [5]. In addition to
clustering and structural equivalence, centrality and cliques have also used by other
studies to examine the journal’s prestige and position of specific discipline within
network structure, such as accounting [15] and communication [14]. Furthermore, the
aforementioned studies have selected either of synchronic or diachronic
journal-to-journal citation to make a comparison between periods or an overview image
of a longitudinal period. Therefore, it needs a study to conduct a journal-to-journal
citation analysis to examine more in-depth interactions and characteristics between
journals for scholarly communication.

3 Methodology

This study selected Chinese LIS journals in Taiwan as subject, because no study has
focused on Chinese journal-to-journal citation analysis for LIS in Taiwan. There are
about 20 LIS journals in Taiwan, but not all of them were qualified for this study.
Few LIS journals in Taiwan have renamed their journal titles to continue in publishing
articles, and this study regarded the above journals as one rather than two different
journals. Next, some LIS journals in Taiwan are covered by a research report for LIS
journals ranking, and indexed by Taiwan Academic Citation Index (http://award.
libraryandbook.net/taci/) and Taiwan Citation Index: Humanities and Social Sciences
(http://tci.ncl.edu.tw). Thus some LIS journals were excluded out form this study if
they are not covered by the aforementioned report and citation indexes. Third, only
scholarly articles were eligibly selected as subject, and reviews, interviews, visiting
reports and news of library activities were excluded out from this study. Totally 11
Chinese LIS journals and 2,031 articles (see Table 1) during 2001 and 2012 were
selected as subject. As a result, an 11 × 11 matrix was generated as a basis for
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journal-to-journal citation analysis. Fourth, this study also conducted verification to
correct errors of bibliographic description of cited references, including journal titles
and publishing year. Fifth, although cited journal appears more than two times in
article’s reference of citing journal, this study has counted them as once rather than as
many times as they were cited (see Table 2). Sixth, in addition to 12 years (2001
−2012), this study has also separated 12 years into three individual periods of 4 years to
take an in-depth comparative study for journal-to-journal citation analysis. Lastly, this
study employed indegree, outdegree, sending-receiving and self-feeding ratios, as well
as centrality (including degree and between) of SNA by using UCINet 6 software to
examine the influences and interrelationships between Chinese LIS journals in Taiwan
in terms of information exchange.

4 Analysis

4.1 Indegree Ratio

From 2001 to 2012 (see Table 3), the highest total number of receiving citations
(indegree, self-citations excluded) is JRN01 (289), followed by JRN06 (187), JRN03
(177), JRN07 (169) and JRN10 (161). According to standardized citation values,
papers published in JRN10 generated more citations per paper (1.50), followed by
JRN01 (1.4), JRN06 (0.92), JRN02 (0.66) and JRN04 (0.64). In terms of evolutional
change of three periods, JRN01, JRN02, JRN03, JRN05 and JRN11 have increased in
receiving citations across over periods. JRN04 and JRN10 have increased in receiving
citations from period 1 to 2, and then moved down from period 2 to 3. In contrary,

Table 1. Objects of 11 Chinese LIS Journals and Articles for Analysis

Journal Name JRN
Code

Frequency Publication Year (20-)

01 02 03 04 05 06 07 08 09 10 11 12 Total

Journal of Library and
Information Science Research

JRN01 Semi-annual 20 24 28 25 41 6 12 10 10 10 10 10 206

Journal of Library and
Information Science

JRN02 Semi-annual 19 14 16 24 18 16 20 14 15 13 18 12 199

Journal of Educational Media &
Library Sciences

JRN03 Quarterly 29 32 40 39 31 24 23 21 20 20 21 20 320

Journal of Library and
Information Studies

JRN04 Semi-annual 9 7 16 18 12 5 5 5 5 12 12 12 118

National Central Library Bulletin JRN05 Semi-annual 20 20 21 20 18 12 13 14 11 12 12 13 186
University Library Journal JRN06 Semi-annual 20 19 18 18 18 17 16 16 14 15 17 16 204
Bulletin of Library and

Information Science
JRN07 Semi-annual 31 33 25 28 26 27 26 27 23 20 19 11 296

Journal of Cultural Enterprise
and Management

JRN08 Semi-annual 0 0 0 4 0 7 5 5 11 9 14 12 67

Information Management for
Buddhist Libraries

JRN09 Semi-annual 23 24 21 23 21 20 18 27 20 9 16 17 239

Journal of Information,
Communication, and Library
Science

JRN10 Quarterly 40 33 10 6 7 11 0 0 0 0 0 0 107

National Cheng Kung University
Library Journal

JRN11 Annual 16 11 12 5 9 8 7 6 4 4 2 5 89
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JRN06 has declined in receiving citations from period 1 to 2, and then moved up from
period 2 to 3.

4.2 Outdegree Ratio

In 12 years, the highest total number of sending citations (outdegree, self-citations
excluded) is JRN07 (299), followed by JRN06 (226), JRN03 (207), JRN01 (172) and
JRN05 (148) (see Table 3). Based on standardized citation values, papers published by
JRN06 (1.11) sending most citations per paper, followed by JRN07 (1.01), JRN04
(0.91), JRN01 (0.83) and JRN05 (0.80). In terms of evolutional change of three
periods, JRN03 and JRN07 have ascended in sending citations across over periods.
JRN01, JRN02 and JRN04 have decreased in sending citation from period 1 to 2, and
then went up from period 2 to 3. Contrarily JRN05 and JRN08 have increased in
sending citation from period 1 to 2, and then moved down from period 2 to 3. JRN06,
JRN09, JRN10 and JRN11 have descended in sending citations over 3 periods.

4.3 Sending-Receiving Ratio

According to Xhignesse and Osgood [16], “journals with high ratios are storers, and
those with low ratios are feeders of information in the network”. Eagly [6] has fur-
thering proposed value of 1 as threshold to distinguish between storers and feeders, and
defined that a storer is a seldom cited by others, whereas a feeder is often cited by
others in terms of journal network. During from 2001 to 2012, JRN01, JRN02, JRN09,
JRN10 and JRN11 are feeders, and JRN03-07 are storers with exclusion of
self-citations (see Table 3). During evolutional change over three periods with exclu-
sion of self-citations, JRN01 and JRN10 were feeders, and JRN03, JRN06 and JRN07
were storer purely. JRN02, JRN09 and JRN11 have gradually changed from storer into
feeder. JRN04 and JRN05 have the preference to play a role as a storer than a feeder.

4.4 Self-Feeding Ratio

Based on Eagly’s definition [6], journals with higher values than average values are
highly specialized. Within 12 years, the average self-feeding ratio is 0.3 in journal
network. JRN07, JRN08 and JRN09 were highly specialized and JRN03 and JRN05
were close to highly specialized (see Table 3). On the other hand, the average
self-feeding ratios for three periods are 0.20, 0.189 and 0.31 respectively. Three (i.e.,
JRN03, JRN05 and JRN09) were highly specialized journals across over three periods.
Detailed information of highly specialized journals for three periods was listed as
below:

• 2001−2004: JRN03, JRN05, JRN07 and JRN09
• 2005−2008: JRN03−07 and JRN09
• 2009−2012: JRN03, JRN05 and JRN08−09
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4.5 Degree and Betweenness Centrality

In terms of normalized indegree centrality of SNA, JRN01 has played a role in being
most cited by other journals in LIS journal network, followed by JRN06, JRN03,
JRN07 and JRN10 (see Table 4). In terms of evolutional change of three periods,
JRN02 have ascended, and JRN01, JRN06, JRN09, JRN10 and JRN11 have descended
in indegree centrality across over periods. JRN05 has increased in indegree centrality
from period 1 to 2, and then declined from period 2 to 3. JRN03, JRN04, and JRN07
has got contrary pattern to JRN05. JRN08 got 0 of indegree centrality (Fig. 1).

Table 2. Relationship between Citing Journal (Vertical Axis) and Cited Journal (Horizontal
Axis)
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Table 3. Indegree, Outdegree, Sending-receiving and Self-feeding Ratios

Journal Year
(20-)

Indegree Outdegree Indegreea Outdegreea Sending-
receiving
ratio

Self-feeding
ratio

JRN01 01-04 123 94 1.27 0.97 0.76 0.17
05-08 93 36 1.35 0.52 0.39 0.11
09-12 73 42 1.83 1.05 0.58 0.19
01-12 289 172 1.40 0.83 0.60 0.16

JRN02 01-04 41 42 0.56 0.58 1.02 0.09
05-08 45 36 0.66 0.53 0.80 0.04
09-12 46 44 0.79 0.76 0.96 0.19
01-12 132 122 0.66 0.61 0.92 0.11

JRN03 01-04 63 68 0.45 0.49 1.08 0.25
05-08 53 65 0.54 0.66 1.23 0.29
09-12 61 74 0.75 0.91 1.21 0.32
01-12 177 207 0.55 0.65 1.17 0.29

JRN04 01-04 23 42 0.46 0.84 1.83 0.15
05-08 22 14 0.81 0.52 0.64 0.21
09-12 31 51 0.76 1.24 1.65 0.24
01-12 76 107 0.64 0.91 1.41 0.21

JRN05 01-04 33 61 0.41 0.75 1.85 0.21
05-08 36 58 0.63 1.02 1.61 0.20
09-12 31 29 0.65 0.60 0.94 0.40
01-12 100 148 0.54 0.80 1.48 0.28

JRN06 01-04 86 95 1.15 1.27 1.10 0.13
05-08 51 73 0.76 1.09 1.43 0.23
09-12 50 58 0.81 0.94 1.16 0.23
01-12 187 226 0.92 1.11 1.21 0.19

JRN07 01-04 75 104 0.64 0.89 1.39 0.39
05-08 37 111 0.35 1.05 3.00 0.37
09-12 57 84 0.78 1.15 1.47 0.23
01-12 169 299 0.57 1.01 1.77 0.34

JRN08 01-04 0 0 0.00 0.00 0.00 0.00
05-08 0 2 0.00 0.12 0.00 0.00
09-12 0 3 0.00 0.07 0.00 1.00
01-12 0 5 0.00 0.07 0.00 1.00

JRN09 01-04 17 35 0.19 0.38 2.06 0.60
05-08 16 4 0.19 0.05 0.25 0.62
09-12 10 1 0.16 0.02 0.10 0.63
01-12 43 40 0.18 0.17 0.93 0.61

JRN10 01-04 108 21 1.21 0.24 0.19 0.09
05-08 35 2 1.94 0.11 0.06 0.00
09-12 18 0 0.00 0.00 0.00 0.00

(Continued)
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Table 3. (Continued)

Journal Year
(20-)

Indegree Outdegree Indegreea Outdegreea Sending-
receiving
ratio

Self-feeding
ratio

161 23 1.50 0.21 0.14 0.06

JRN11 01-04 21 28 0.48 0.64 1.33 0.13
05-08 21 8 0.70 0.27 0.38 0.00
09-12 13 4 0.87 0.27 0.31 0.00
01-12 55 40 0.62 0.45 0.73 0.05

aStandardized values based on citations per paper

Table 4. Normalized Degree and Betweenness Centrality of SNA

Journal Year Indegree Outdegree Betweenness

JRN01 01-04 12.300 9.400 1.624
05-08 9.300 3.600 1.111
09-12 7.300 4.200 3.963
01-12 28.900 17.200 2.669

JRN02 01-04 4.100 4.200 1.280
05-08 4.500 3.600 3.591
09-12 4.600 4.400 3.667
01-12 13.200 12.200 0.910

JRN03 01-04 6.300 6.800 1.280
05-08 5.300 6.500 1.556
09-12 6.100 7.400 9.222
01-12 17.700 20.700 2.669

JRN04 01-04 2.300 4.200 0.741
05-08 2.200 1.400 0.444
09-12 3.100 5.100 2.037
01-12 7.600 10.700 0.529

JRN05 01-04 3.300 6.100 0.661
05-08 3.600 5.800 3.963
09-12 3.100 2.900 10.148
01-12 10.000 14.800 0.317

JRN06 01-04 8.600 9.500 1.624
05-08 5.100 7.300 12.667
09-12 5.000 5.800 1.074
01-12 18.700 22.600 2.669

JRN07 01-04 7.500 10.400 1.624
05-08 3.700 11.100 5.444

(Continued)

The Influence and Interrelationships Among Chinese Library 301



Table 4. (Continued)

Journal Year Indegree Outdegree Betweenness

5.700 8.400 0.815

01-12 16.900 29.900 0.910
JRN08 01-04 0.000 0.000 0.000

05-08 0.000 0.200 0.000
09-12 0.000 0.300 0.000
01-12 0.000 0.500 0.000

JRN09 01-04 1.700 3.500 0.503
05-08 1.600 0.400 1.667
09-12 1.000 0.100 0.000
01-12 4.300 4.000 1.389

JRN10 01-04 10.800 2.100 0.503
05-08 3.500 0.200 0.741
09-12 1.800 0.000 0.000
01-12 16.100 2.300 0.000

JRN11 01-04 2.100 2.800 0.159
05-08 2.100 0.800 0.000
09-12 1.300 0.400 0.185
01-12 5.500 4.000 0.159

Fig. 1. Sciogram of Interrelationships among Chinese LIS Journals in Taiwan
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Based on normalized outdegree centrality of SNA, JRN07 has played a role in most
citing other LIS journals, followed by JRN06, JRN03, JRN01 and JRN05. In terms of
evolutional change of three periods, JRN05, JRN06, JRN09, JRN10 and JRN11 have
descended, whereas JNR08 have ascended in outdegree centrality. JRN01-04 have
declined in outdegree centrality from period 1 to 2, and then gone up from period 2 to 3.

On the other hand, in terms of normalized betweenness centrality of SNA, JRN01,
JRN03 and JRN06 have played an active role in bridging intercitation between jour-
nals, followed by JRN09, JRN02 and JRN07. In terms of evolutional change of three
periods, JRN02, JRN03 and JRN05 have ascended in betweenness centrality of SNA
across over periods. JRN01, JRN04 and JRN11 have declined in betweenness cen-
trality from period 1 to 2, and then move up from period 2 to 3. Contrarily JRN06,
JRN07, JRN09 and JRN10 have increased in betweenness centrality from period 1 to 2,
and then moved down from period 2 to 3. JRN08 got 0 of betweenness centrality both
of overall of 12 years and 3 individual periods.

5 Discussion

According to top-5 standardized citation values of receiving citations, JRN10 got a
significant number of citations from nine other journals, followed by JRN01 and
JRN06 from ten journals, and JRN02 and JRN04 from nine journals. These five
journals have played an important role in receiving citations from LIS journals in
Taiwan. Furthermore, JRN01 and JRN02 have also kept steady growth in receiving
citations from other LIS journals across over periods. On the other hand, based on top-5
standardized citation values of sending citations, JRN06 sent a significant number of
citations to ten other journals, followed by JRN07 to 10 journals, JRN04 to eight
journals, and JRN01 and JRN05 to nine journals. Within evolution of three periods,
JRN06 has descended in sending citations, whereas JRN07 has ascended in sending
citations to other journals.

In terms of feeders and storer of citations, JRN01 and JRN10 are truly feeders of
Taiwan LIS journal network, based on standardized value of indegree is larger than that
of outdegree and sending-receiving ratio in terms of overall and periodical analysis.
However, the reasons for JRN01 and JRN10 to become a feeder of LIS journal in
Taiwan are different. The reason for JRN01 may lie in that JRN01 is one of the oldest
and most established LIS journals in Taiwan, and has been selected as one of LIS
journals covered by Taiwan Social Citation Index since 2010 in this field. JRN10 has
continued in receiving citations from other Taiwan LIS journals over years although it
had ceased publication. It reveals that articles published by JRN10 are still valuable to
last its influence in attracting many articles’ citations from other LIS journals. On the
other hand, JRN03, JRN05 and JRN09 are categorized as more specialized journal
among eleven LIS journals in Taiwan and the reasons are related to their editorial
policy of topic coverage. In addition to LIS, JRN03, JRN05 and JRN09 also cover
topics in a specialized fragment of educational technology, sinology and Buddhism
studies respectively. Fragmentation of non-LIS specialized topic coverage may lessen
citations from other LIS-oriented journals in Taiwan. The results of self-feeding and
sending-receiving ratios are a useful reference for journal’s policy of subject coverage.

The Influence and Interrelationships Among Chinese Library 303



In terms of SNA, degree centrality stands for the prestige of a journal based on
citation. JRN01, JRN06, JRN03, JRN07 and JRN10 have played a star role in LIS
journal network based on the top-5 highest overall indegree centrality. JRN01, JRN06
and JRN10 gradually have declined their prestige, whereas JRN03 and JRN07 have
risen up their prestige according to SNA’s indegree centrality over three periods.
JRN08, JRN09 and JRN11 are more isolated from other LIS journals in Taiwan. It
reveals that some journals (e.g., JRN02 and JRN04) received higher citations, but they
have not played a central role in LIS journal network; whereas some journals (e.g.,
JRN03 and JRN07) have not received higher citations, but they have played a central
role in the flow of LIS journal citation. Furthermore, JRN07, JRN06, JRN03, JRN01
and JRN05 have also played a central role in sending citations to other LIS journals
based on top-5 outdegree centrality. On the other hand, in terms of SNA’s betweenness
centrality, JRN01, JRN06, JRN03, JRN09, JRN02 and JRN07 have played a top-5
bridging role to facilitate intercitation between other LIS journals in Taiwan, and
JRN08 got zero of betweenness centrality during from 2001 to 2012. In addition to
receiving citations, results of SNA centrality also reveal the significance of journal role
in LIS journal network, and can be a reference for editor’s journal management and
author’s paper submission.

6 Conclusion

This is an in-depth study on journal-to-journal citation analysis. This study has not only
employed typical bibliometric indexes including indegree, outdegree, and sending-
receiving and self-feeding ratios, but also adopted degree and betweenness centrality of
SNA to investigate the information flow between Chinese LIS journals in Taiwan, both
of overall of twelve years and three individual periods of four years citation analysis.
Therefore, this study offers a snapshot of connected interrelationships between journals
that can be assessed as one indicator of prestige and importance of scholarly journals in
LIS field in Taiwan. Furthermore, the citation patterns which embedded in Chinese LIS
journals has identified by this study can serve an informative guide to the study, and a
useful reference for editor’s journal business management and author’s paper sub-
mission of LIS field in Taiwan.

A limitation of this study is the counting way for journal-to-journal citations and
target Chinese LIS journals. The way to count citations as once may lead to different from
that counting as many times as they are either of cited or citing. Therefore, this study will
conduct another journal-to-journal citation analysis to examine the distinction between
two different counting ways for Chinese LIS journals in Taiwan in the near future.
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Abstract. Collaboration during information retrieval has been identi-
fied by many empirical studies as a common pattern of teams in everyday
work, e.g. [5]. This collaboration is characterized by two or more individ-
uals, who set out together to resolve a shared information need [4]. In this
paper, we present an experimental evaluation of different search result
division strategies in simulated collaborative search tasks. We compare
our proposed approach, which defines optimum collaboration strategies
as integer linear problem, with proven principles like, e.g., the PRP.

1 Introduction

When team members collaborate to satisfy the same information need, they often
use the same or very similar query terms [3], which is likely to result in highly
similar ranked search result-sets returned by the Digital Library. In consequence,
their retrieved document-sets can overlap, which may lead to less coverage and
less productivity due redundant work. Optimizing the individual’s contribution
calls for ranking the available documents with respect to the diversity of the
team and allocating an appropriate result-set to each single team member.

2 Approach

We propose a criterion (or rule) that helps coordinating team work in a flexible
and adjustable manner. To this aim, we introduce a mapping that allocates a
specific sub-set of documents Di ⊂ D to a team member τi ∈ T for examination,
with D being the union of (potentially overlapping) retrieved document-sets and
M = |D|. The mapping a : T × D → {0, 1} allocates document dj ∈ D to team
member τi, if the tuple (i, j) is mapped to 1, otherwise it is mapped to 0.

Each team member is assumed to have only a limited capacity to accept
and assess documents, which we denote assessment capacity Ki. Let ρi,j be
the user-specific probability of a document dj being relevant for a user τi. The
mapping a should allocate sub-sets of documents to the most suited individuals,
i.e. documents relevant for the team should be maximize and redundant work
minimized, which is described by the following integer linear program (ILP):
c© Springer International Publishing Switzerland 2015
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max
N∑

i=1

M∑

j=1

ai,jρi,j

subject to
N∑

i=1

ai,j ≤ 1,∀j and
M∑

j=1

ai,j ≤ Ki,∀i

(1)

In this criterion, the mapping ai,j represents the unknowns of the ILP to
be determined, e.g. using a numeric solver, and ρi,j represents the user-specific
probabilities of relevance of a given document dj and team member τi.

3 Experimental Evaluation

Experimental Setup. Experiments were conducted using the OHSUMED col-
lection, from which we selected topics that have at least 20 relevant documents
assigned that have a topic description consisting of at least five terms. This
ensured that there were enough relevant documents for examining search result
division, i.e. if we only had a few of relevant documents per topic, then it is
likely that only one user could accomplish the search task, which would not be
particularly interesting. Because we focused on recall-oriented search tasks, we
chose the overall recall of the team as measure. We used Apache Lucene as search
engine and lp solve as solver for integer linear programs.

We chose the team size of two as this has been empirically identified as
typical size for collaborative search teams [7]. We employed the general simu-
lation procedure used for evaluation by Shah et al. [8], which consisted of the
following steps: (1) Each simulated user issued a query. (2) Documents of both
query responses were merged into a shared result-set using the CombSUM algo-
rithm [8]. (3) From this shared result-set, each simulated user were provided
with a result-page for assessment consisting of Ki documents. Result-pages were
extracted from the shared result-set either by applying one of the baseline pro-
cedures (see below) or by applying our optimum criterion (ILP). Assessment
capacities considered were Ki ∈ {10, 20, 40, 60, 80, 100, 120, 140}.

We used the query generation approach examined in [1], which modeled a
user who selects terms from an imagined ideal relevant document: P (t|query) =
(1 − λ)P (t|topic) + λP (t). Sometimes, chosen terms will be on topic, P (t|topic),
while other times terms will be off topic, P (t). The distribution P (t|topic)
describes the occurrences of terms in the ideal relevant document and represents
the user’s domain knowledge. For estimating P (t|topic), we used the strategy
called Conditional [1]. Considering that users with profound domain knowledge
generally use a more specific vocabulary [9], we chose to simulate a difference in
domain knowledge by assigning the following parings of λ parameters that we
denote slight λ ∈ {0.3, 0.7} and strong λ ∈ {0.1, 0.9} knowledge difference.

Baselines. We used the following two baselines for our experiments. (1) To
extract a result-page from the shared result-set, for each user, we re-ranked the
whole shared result-set according to the user’s knowledge and did a cut-off after
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Ki documents. This simulated team members employing search tools designed
for individual usage, i.e. results are optimized for one individual. We called this
baseline PRP. The obvious disadvantage is that the result-pages created for
team members are likely to have an overlap. (2) To avoid this overlap, we also
used a baseline applied in [8]: The shared result-set is split using a Round Robin
procedure, cut-off and re-ranked for the corresponding team member. We called
this baseline RR. This baseline did both, avoiding redundancy and optimizing
search results for an individual.

3.1 Results

Figure 1 depicts the results of our experiments. Each data point in the diagrams is
an average of 38 samples (one per topic considered). The PRP baseline resulted
in the lowest retrieval performance, which most likely resulted from the over-
lap between the result-pages. Both of the other approaches, ILP and RR, were
successful at improving the performance over PRP in both settings, i.e. slight
(Fig. 1a) and strong (Fig. 1b) knowledge difference. An expected result was the
performance of the RR baseline that benefits from the avoided overlap between
the result-pages. In Fig. 1a, we can see that with this simple division of labor
strategy, the RR baseline performed nearly equivalently to the ILP approach.
However, this is different in Fig. 1b, where the ILP approach clearly outperforms
both baselines. In this setting, i.e. strong knowledge difference, the performance
improvement of the ILP approach over the second best baseline (RR) is in a
range of 3.85 % and 8.58 %.

Generally, in both considered team-compositions, the ILP approach allowed
a team finding more or as many relevant documents, as both baselines did, i.e.
it resulted in the best retrieval effectiveness. Additionally, as the diversity of
the team increased (measured by the knowledge difference), the performance
improvement of the ILP approach increased. Hence, our ILP approach leveraged
the diversity within the team.

Fig. 1. Plot of overall recall as the number of assessed documents per user change
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4 Conclusions

We demonstrated the application of an optimum criterion that can be used for
determining optimum collaboration strategies in collaborative search sessions.
Although parameters of our simulation were well justified, real world user behav-
ior is more complex and our simulation represents an idealized collaborative
session. While in practice, such ideal conditions may not apply, the conducted
experiments indicate that our optimum criterion provides the potential for more
(retrieval) effective collaboration in search sessions. We think of our appraoch as
an enhancement for today’s collaboration environments that consist of tools and
interfaces designed for individual usage [2,6]. Extending this environment with
a service dedicated team support would provide the potential for an increase
of effectivness as indicated by our simulation. Such a service might incorporate
our technique in different ways, e.g. document sets estimated by our approach
could be recommended to users or highlighted in results presented to users. Our
future research will focus on utilizing the presented criterion to implement and
evaluate services that enhance tools actually used in today’s practice. The work
presented in this paper represents a first step towards this goal.
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Abstract. The skyrocketing price of textbooks is beyond students’ affordabil-
ity. Educators and teachers have taken an open access approach to textbooks to
address this issue. This study aimed to investigate open access textbooks from
the perspectives of source of provision, use license, mode of use, file format, and
business model in terms of information provision. Eighteen use cases of open
access textbooks were selected for systematic review by two researchers. Future
suggestions for open access textbooks are also discussed.
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1 Introduction

In education, the price of textbooks has skyrocketed in the same way as that of
electronic journals and books. The cost of textbooks is now beyond the reach of many
students and has blocked them from course registration [7]. Owing to wider adoption
and success of open access journals (OAJ) and books (OAB) in offering researchers
access to scholarly information, educators and teachers have regarded open access
textbooks (OAT) as a feasible solution for students to acquire textbooks. In terms of
information provision, libraries are also concerned about how to deploy OAT to
support teaching and learning.

2 Background

Since textbook prices have increased [5, 8], books are not only beyond students’
budget [7] but also, based on a survey conducted by Florida Distance Learning Con-
sortium in 2010, “23 % students responded that they had occasionally not registered for
a particular course or section because of the high textbook costs” [4].

National governments and regional projects have noticed this issue. For instance,
the U.S. Federal Government has taken legislative action by implementing the
H.R.4575 Open College Textbook Act of 2010 and the S.1704/H.R. 3583 The
Affordability College Textbook Act. Some U.S. states have also taken similar action,
including Washington State, Ohio State and Texas State. In Poland, the Polish Ministry
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of Education has funded the “Digital School” program to provide access to free and
open e-textbooks [2]. The ProjectLATIn, a collaboration of South American countries
offers 23 textbooks to students freely [6]. Furthermore, universities have sponsored the
Open Textbook Initiative, Alternative Textbook Initiative or Alternate Textbook Pro-
ject to encourage faculty to develop or adopt OATs to lower dependence on com-
mercial textbooks. Although several projects and cases in the world have implemented
OATs, to our best knowledge, no study has examined current OAT development and
related issues as they pertain to information provision. Therefore, this study investi-
gated OAT in terms of information provision for libraries.

3 Methodology

This study used systematic review as an approach to overview the development and
issues related to OAT. This study was designed according to steps defined by sys-
tematic review [1] as follows:

• Framing research questions: including source of provision, use license, mode of use,
file format, and business model.

• Identification of relevant use cases: several terms were used to retrieve and identify
cases and their literature related to OATs, including open textbook, OTB, open
access textbook, OAT, open source textbook, free online textbook, free web-based
textbook, free electronic textbook, free e-textbook, free dynamic textbook, and free
wiki-based textbook.

• Selection of qualified cases and literature: in addition to cases and their literature
related to OAT, these cases had to provide a web-based platform and related
documents (such as About, About Us, Description, FAQ, Goals, Introduction,
Missions, and conference presentations) to allow researchers in cross-verify the
research questions proposed by this study. After the exclusion of the Global Text
Project, Open Textbook Initiative, McGraw-Hill and Pearson, 25 cases and their
related literature were qualified for this study.

• The 18 cases were the American Institute of Mathematics, Bookboon, Boundless,
CK-12, Flat World Knowledge (FWK), IEEE Signal Processing Society, Open
Course Library, Open SUNY Textbooks, OpenEd, OpenStax College, O’Reilly
Atlas, O’Reilly Open Access Books, Orange Grove Plus, ProjectLATIn, Saylor,
STEMWiki Hyerlibrary, WikiBooks, and Writing Spaces.

• Extraction and summary of the evidence-based data: details can be found in the
Results section.

• Synthesis and interpretation of the findings: detailed information can be found in the
Discussion section.

In this study two researchers conducted the systematic review. The research profiles
of the researchers focused on both the strategy and practice of open access study. At the
beginning of the systematic review, the researchers held discussions to attain a con-
sistent understanding of the scope of OAT, and defined research parameters and
questions. Then the researchers extracted, summarized, synthesized and interpreted the

314 Y.-N. Chen



data. Lastly researchers exchanged and discussed their data to achieve an agreement on
interpretation and their evidence supporting the defined research questions.

4 Results

According to the characteristics of sponsors, sources of OATs can be categorized as
follows: commercial publishers, legislative actions, non-profit organizations, reposi-
tories of open educational resources, wiki-based resources, scholarly associations,
libraries and others. In terms of type of license, most OAT providers release OAT
materials through Creative Commons (CC), but there various CC terms, including BY,
BY-SA, BY-ND, BY-NC-SA and BY-NC-ND, and CC BY and CC BY-NC-SA are
often used by OAT providers. In addition, GNU Free Documentation License (GFDL),
GNU General Public License (GPL) and All Rights Reserved (ARR) are also used.
GFDL and GPL license are used by computer science OATs, such as O’Reilly’s Altas.
On the other hand, some commercial textbooks have rights released by authors or
publishers to offer free access to them as OATs, but they are still protected by ARR. In
terms of file format, HTML, XML or similar compatible formats (e.g., wiki-based
webpage) are the most common for online reading. APK, DAISY, ePub, Mobi and
PDF are used for download for offline use, and PDF is the most popularly used format.
There are three types of use mode for OAT. The first is to use OAT online, but some
providers will limit their use within specified coverage. For example, FWK only offers
users access to three chapters of OAT. The second is to download an OAT file for
offline use, either to read on screen or print out. The last mode is a combination of the
first and second type which allows users to read online or download the OAT for offline
use. According to business models proposed by Anderson [1] for the Internet, only
freemium, advertising and gift economy models are used by OAT providers. For
example, Bookboon claimed that they will offer less than 15 % advertisement space for
each piece of OAT content.

5 Discussion

A key characteristic of OATs that contrasts with OAJ and OAB is that users are
permitted to flexibly customize contents for various models of teaching and learning.
Several OAT providers (e.g., CK-12, FWK, OPEN SUNY Textbooks and Writing
Spaces) offer a faculty account to edit the content of OAT materials. However, some
have not allowed faculty to make any changes or modifications to existing OAT
contents, such as Bookboon. In terms of license, some OAT providers have restricted
their contents by using CC ND license to prevent changes or modifications. However,
OATs are a kind of OA-based open content. According to Wiley’s definition [7], open
access content is open to retain, reuse, revise, remix and redistribute. If OAT materials
cannot be modified for various teaching models, are OATs still open content? Based on
the aforementioned two cases, OAT providers have only agreed on open access, but
have not achieved agreement on other principles and IPR requirements of OATs, such
as freedom to modify.
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On the other hand, openness is very important for libraries to deliver OATs to
teachers and students according to consideration of information provision. Standard
open file format is useful to download or print for learning without any ICT restrictions.
Although CC is mostly adopted by OAT providers to provide an open license, legal
stipulations of BY-NC-ND have prevented teachers from modifying or remixing
existing OAT content to produce customized teaching materials for students. Fur-
thermore, a workable business model for sustainability to keep long-term availability of
OAT is also required for libraries to effectively support teaching and learning.

6 Conclusion

OA has impacted higher education in various ways ranging from scholarly publishing
to accessing to scholarly information resources. Based on the aforementioned analysis
and discussion, OAT appears to be an embodiment of the golden road of OA. It is
valuable as it provides quick access, practical educational materials and high infor-
mation currency in terms of information provision. This study has addressed OAT
applications and their implications in library information services to support teaching
and learning.
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Abstract. Goals and corresponding tasks are both major drivers of
information needs which are satisfied within information behaviours and
lead to information tasks and finally information retrieval. Changing
goals or a changing information need and task interruption during execu-
tion are the two most challenging barriers of people working on complex
and longitudinal goals or tasks. People often have problems re-locating
already visited pages or recapturing previous queries and their results.
Thus the support of task-based information retrieval is still not sufficient
today. Due to this we examined new concepts that make task-based infor-
mation retrieval more efficient and useful.

Keywords: Interactive information retrieval · Task-based information
retrieval · Adaptive systems · Personalized search · Task management

1 Introduction

Today researchers agree that work goals and corresponding work tasks are the
leading drivers for creating information needs (e.g. [1,2,8]). Each one of us has
work goals which are either job-related or may be driven by personal inter-
ests. Complex goals like writing a funding proposal, building a house, or the
restoration of a classic car, can take hours, days, or even months to complete.
To achieve such a goal, it is necessary to execute and complete derived tasks
since they define concretely what has to be done. In addition, executing a task
requires a particular knowledge which might already exists for routine tasks that
are executed regularly. But if a task has never been done before, there is nor-
mally a lack of knowledge which hinders its execution and completion. Hence
specific information is needed and we enter into an information task, i.e., an
information seeking behaviour and within this behaviour we quite often initi-
ate a corresponding information retrieval task to acquire the missing knowledge.
During the different stages of such an information task processing, the required
knowledge changes from more general up to more specific. This influences how
we seek and search for information, i.e., it influcences the information retrieval
tasks that we are initiating.
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In this way, searching for information by means of initiating information or
more specifically information retrieval tasks, is an important support action for
many work tasks. Project- and task-management tools support users to manage
their work on such work goals in work tasks and work sub-tasks. Unfortunately,
they do not use this explicitly provided information about the work task to
support the related information tasks, i.e., to e.g. support the corresponding
information retrieval tasks at hand and to contextualize and in this way person-
alize our web-based information searches.

On the other hand different web-based information support services are try-
ing to help users to find pages that contain relevant information, but unfor-
tunately they do not have any awareness about their users’ work context, i.e.,
their current work goal or current work task and thus this kind of knowledge
is not part of the relevance calculation of the underlying information retrieval
mechanism. This is also true for information about the stage or status and the
complexity of the work task, the corresponding information tasks, possible sub-
tasks or higher level tasks, and information already explored in previous work
task contexts and their information tasks.

Our current research activities tackle this problem by proposing new con-
cepts of task-supported information retrieval focusing on complex goals and
work tasks that span over multiple sessions and which might be executed in par-
allel. Through the support of an integrated task tool, we are aiming at enabling
users to structure their goals at hand into tasks and sub-tasks and utilize this
explicit information as an important part of representing the users’ current work
and information context in a machine readable way. Assuming that a task is
explicitely represented and managed in this way, all implicit and explicit user
interaction over several work sessions is stored with reference to this task. Having
the task specific context information at hand we are then able to implement sys-
tem support features and user awareness features like task-based personalization,
recommendation, and adaptivity which we will present in the next chapter.

2 Concepts and Prototype

Based on and in extend to previous work like [3–7,9] we want to introduce three
new concepts to increase task performance and to get a higher usefulness in
supporting users within their tasks. To test and evaluate these concepts, we
implemented a prototype called TasksTodo, which is an add-on for the web
browser Firefox. The implementation as a browser add-on allows us to realize
the concept of integrating task management directly into web-based information
retrieval activities.

As discussed earlier, realistic work situations can be longitudinal and mul-
tifaceted and thus very complex. The current task is a major factor for the
situational information need, but beyond that it is often only a partial view on
the overall work definition. Hence it is necessary to also take the goal and the
overall task structure into account when supporting the user during task com-
pletion. This way it is e.g. possible to determine task complexity and predict
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next steps. For that reason we propose a first concept, using the overall infor-
mation about the work goal and its tasks, not only limiting to the current task.
Therefore TasksTodo allows users to create an arbitrary number of goals and
within each goal users can define an arbitrary number of tasks on different levels
(i.e. a task which contains sub-tasks). This allows grouping of concrete tasks to
an abstract goal. For each goal and task it is possible to define its name or title,
the urgency and priority, and the due date. Goals and tasks can be flagged as
completed, to reduce situational importance (Fig. 1).

Fig. 1. TasksTodo - Search page adaption and task-related history

One of the main problems users have with longitudinal multi-session tasks is
task interruption and resumption. Hence, for task efficiency it is important to
support users in such situations. People need to get a quick overview on their
past activities related to a certain task to easily continue work. For the web these
activities are at least the last opened tabs, visited pages, and bookmarks. Our
second concept enhances the previous research mentioned above. In TasksTodo
all information retrieval activities are tracked in relation to the selected task. In
this way, users can use the task-related history to review the last visited pages
within a certain task. Users can also restore the tabs of the last task session.
Besides this, TasksTodo allows to easily manage task-related bookmarks. For
example this can be done using the context menu of the browser upon a web
page or link. Each bookmark automatically contains the page title, the URL,
and the date it has been created. In addition it also takes a screenshot and stores
the complete page content for later use. TasksTodo offeres support for switching
between goals and tasks due to multiple task execution.
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The third concept we want to introduce here is task-based adaption. Part of
our tracking of browser activities is the visit and use of search engines. This allows
us to offer support for information search across different services (domains)
and enables us to provide further features like the adaption of functionality and
content of the retrieval system. TasksTodo visualizes the last five queries for
Google, Google Scholar, Bing, Microsoft Academic Search, Yahoo, YouTube,
Wikipedia, and the digital library system of Gesis related to the current work
task. This way users can easily re-capture and re-execute last search activities.
TasksTodo also modifies bookmarked pages by adding a green top bar with a
notification to the page. This indicates a page as bookmarked, therefore, being
relevant for the current task. Contrariwise it is also possible to flag pages as
not being relevant according to the current task resulting in a red bar with a
notification on the top of the page. This information will be used in future to
adapt the result lists.

The title of the selected task is set as a parameter to the visited URL (e.g.
http://example.org?tt task=my+task+title). Therefore page providers could
use this information to adapt their page and content to the users current task.
In that or a similar way adaption can also be provided by page providers.

More information about the TasksTodo project and a link to download the
software can be found at taskstodo.org.
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Abstract. The 200,000 records in the catalogue of the Biblioteca Vir-
tual Miguel de Cervantes have been migrated to a new relational database
whose data model adheres to the FRBR and FRAD specifications. The
database content has been later mapped to RDF triples which employ the
RDA vocabulary to describe the entities, as well as their properties and
relationships. The intermediate relational model —ensuring, for example,
referential integrity— provides tighter control over the process and, there-
fore, enhanced validation of the output. This RDF-based semantic descrip-
tion of the catalogue is now accessible online and supports browsing and
searching the information.

Keywords: Linked open data · Bibliographic and authority data ·
Cultural heritage · Semantic web

1 Introduction

Linked open data are data which others are allowed to use, modify and redis-
tribute, and previously enriched with information about their relations with
other data. The metadata which describe such relations are often expressed
as binary relations between Uniform Resource Identifiers and encoded in RDF
(Resource Description Framework) format, a standard for data interchange.1

Applying the linked open data concepts to the cultural heritage domain has
become an active and challenging field [3]. Meanwhile, modern standards for
cataloguing are emerging as an alternative replacement to the traditional ones.
For example, RDA (Resource, Description and Access) follows the concepts and
terminology of the Functional Requirements for Bibliographic Records (FRBR)
and the Functional Requirements for Authority Data (FRAD) and will also
adopt the Functional Requirements for Subject Authority Data (FRSAD), a
family of models promoted by the IFLA (FR* models) which define entities,
relationships, and attributes that should be used to describe resources.

This paper describes the steps applied for the automation of the migration
process from a MARC21 collection of records to a set of RDF triples containing
1 See http://www.w3.org/RDF.
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bibliographic metadata in RDA. The process is strongly based on the currently
available open-source technology and relies on the creation of a relational data-
base which provides controlled generation of linked data in RDA.

2 An FRBR-FRAD Relational Model for MARC21
Records

Inspired by the IFLA conceptual models, an Entity-Relationship (ER) model
—schematically represented in Fig. 1— has been defined to store the Biblioteca
Virtual Miguel de Cervantes descriptive metadata. The abstract entity Creation
generalises the entities in FRBR Group 1 and their relationships with other enti-
ties in the model such as Agent or Subject. Other relationships were defined such
as adaptations, translations or reproductions. Some additional elements were
incorporated to the model in order to address the catalogue specificities. For
example, Collection entities were needed to host arbitrary groupings of objects,
such as works in a bibliography, items with a common provenance (e.g., a part-
ner library holdings or items in a personal archive), which are not properly
creations and usually have no associated descriptive metadata. Since authors
are often the subject of a book in a library with a focus on literature, a new
type of relationship was introduced to describe creations having agent as sub-
ject ; conversely, agents play different roles when contributing to a document
—for example, printer, editor or illustrator. Entities for the UDC and Unesco
classifiers were also added to the model. The relation part of was defined in
order to describe nested inclusions, such as journals publishing volumes, made
of issues containing articles.

Once the relational database was set up, a number of tools were implemented,
in particular, a new catalogue manager assisting the creation of new entries
in FRBR and an automatic procedure —schematically depicted in Fig. 2—
to migrate the old MARC21 records into the new database. The migration
process first loads MARC21 records using the MARC4J2 library and creates in-
memory Java objects representing the FRBR entities according to the Library
of Congress guidelines for the MARC to FRBR transformation. Then, a trans-
ducer implements the mapping of each object field to the appropriate field in
the database. The transducer uses the Hibernate ORM3 platform which supports
object/relational mapping and provides a simple interface to store and retrieve
objects.

3 From FRBR to RDA Linked Open Data

Once the descriptive metadata are stored in a relational database with an
FRBR model, they can be published as semantic information with the method
described below. The publication of RDA in RDF format first loads the fields
2 https://github.com/marc4j.
3 http://hibernate.org/orm.

https://github.com/marc4j
http://hibernate.org/orm
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Fig. 1. Simplified diagram of the Entity-Relationship model of the relational database.
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Fig. 2. Schematic representation of the migration and conversion process.

in the database as in-memory Java objects with the Hibernate ORM library.
The Apache Jena library is then used to map of the object fields into the RDA
components for the RDF graph (nodes and connections). As shown in Fig. 3, the
core vocabulary consists of the elements and relationship designators recently
approved by the Joint Steering Committee on Development of RDA. The OWL-
Time ontology4 has been used to describe temporal events such as publication
years; external content, hosted by partner libraries, was described with FOAF
elements [1] and subjects triples were created with the Dublin Core property
dc:subject. The identifiers are prefixed with their domain and the entity type.

4 www.w3.org/TR/owl-time.

www.w3.org/TR/owl-time
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Fig. 3. The ontology (concepts and relations) describing the catalogue entries is based
on the RDA, OWL, FOAF and Dublin Core vocabularies. Tag prefixes denote different
name-spaces (the source ontology).

Several options to provide SPARQL access to the RDF storage were eval-
uated, including OpenLink Virtuoso5, 4Store6, and Sesame7. The last one was
selected in order to implement the access to the data, since it is an open-source
Java framework which proved to be light-weight and satisfied the requirements
supporting full-text queries, batch indexing, and database transactions.8

4 Conclusions and Future Work

The semantic content published in the Biblioteca Virtual Miguel de Cervantes
linked open data-set includes:

– Near 8 million triples and 90 different types of relationships.
– About 194,000 expressions and 380,000 items.
– About 55,000 persons, 3500 corporate bodies and 9 families.
– Nearly 77,000 dates of publication and 50,000 dates of distribution.

The output can be downloaded from data.cervantesvirtual.com in several formats:
RDF, JSON, Dublin Core and ESE (Europeana Semantic Elements). Further-
more, an online demonstrator of the conversion process has been implemented and
the user can upload there (bvmcresearch.cervantesvirtual.com/arms) a MARC21
record and obtain the RDA description in RDF format.
5 http://virtuoso.openlinksw.com.
6 http://4store.org.
7 http://rdf4j.org.
8 For an extensive comparative study of platforms, see [2].

www.data.cervantesvirtual.com
www.bvmcresearch.cervantesvirtual.com/arms
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Abstract. Dividing oral histories into topically coherent segments can
make them more accessible online. People regularly make judgments
about where coherent segments can be extracted from oral histories. But
when different people are asked to extract coherent segments from the
same oral histories, they often do not agree about where such segments
begin and end.

Keywords: Oral history · Discourse segmentation · Natural language
processing · Digital libraries

1 Introduction

Oral histories are rich and unique documents of the past and our memory of it.
Putting oral histories on the web makes them more accessible, but they remain
daunting to consume [4]. It requires a significant time commitment to listen to
a one or two hour interview. This is why curators of oral history collections,
when creating “exhibits” of their materials for the public, usually select short
extracts from longer interviews. Scholars also select extracts from their record-
ings when presenting their work to a live audience [7, 265]. But are extracts
merely subjective judgments, or do they reflect a topical structure about which
consensus might be reached? An analysis of 829 judgments about oral history
extract boundaries suggests that while these judgments are not purely subjec-
tive, consensus about topical structure is weak.

2 Data and Methods

Our corpus consisted of 19 transcripts of oral history interviews conducted by the
Southern Oral History Program (SOHP) at the University of North Carolina.1

In an earlier project, SOHP staff transcribed and selected salient extracts from
each of the interviews. Each interview was divided into segments, of which some

1 All of the data and code discussed in this paper are available at https://github.com/
contours.
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subset (the selected extracts) were judged to be topically coherent. On average,
half of the segments were selected as salient extracts. The unselected segments
tended to be longer, with a mean length of 70 sentences compared to 44 sentences
for the selected extracts. This suggests that the extraction process may not
identify some potential topic boundaries (those that appear within the segments
of interviews judged to be less salient).

Two non-expert annotators were asked to imagine that they had been tasked
with curating an online collection of oral histories and to select “the most impor-
tant parts” from each transcript. Each transcript was presented as an HTML
page showing only the names of the speakers and the transcribed text of their
speech. The annotators could click on the text to split it into segments and then
indicate which segments were to be selected as extracts. They were instructed
that each extract “should cover a single topic or anecdote and should be under-
standable on its own.” To give them a sense of the expected granularity of the
extracts, the annotators were told that the length of extracts could vary consid-
erably but would average around 30–50 sentences (the average extract length in
the original project).2 Extracts could not overlap, and not all of the text had
to be extracted (i.e. it was permissible to “leave out” parts of the transcript
between extracts). Extract boundaries were not limited to speaker changes or
paragraph breaks and could be placed between any two adjacent sentences.

3 Comparing Segmentations

The three annotators placed a total of 829 boundaries between sentences of the
19 interview transcripts, creating a total of 886 segments. The distribution of
segment lengths appears to be exponential (see Fig. 1). The mean segment length
was 50 ± 52.7 sentences (n = 886). The shortest and longest segments created
were one sentence and 621 sentences long, respectively. The longest segment
may be an error, since it is far longer than any other segment in the dataset and
far longer than the other segments created by that annotator for that interview.
Some of the very short segments seem to be cases of “trimming” behavior, where
a short segment is created specifically to be excluded (e.g. an interviewer unsuc-
cessfully trying to interrupt an interviewee with a new question) or highlighted
(e.g. a particularly vivid single quote that makes sense in isolation). Different
tendencies to “trim” like this may explain some of the variations observed across
the annotators’ segmentations.

If the annotators had consistently segmented at the same level of granularity,
one would expect to see little variance in the segment lengths and a positive cor-
relation between each transcript’s length and the number of segments into which
it was divided. But segment lengths varied significantly. While there was a pos-
itive correlation between transcript length and the number of segments, there
was also a positive correlation between transcript length and the median segment
length. Thus while the annotators divided longer transcripts into more segments,
2 The complete text of the instructions provided to the annotators is available at

https://github.com/contours/segment/blob/5404fce/public/instructions.html.

https://github.com/contours/segment/blob/5404fce/public/instructions.html
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they also created longer segments for longer transcripts. Longer interview tran-
scripts might reflect the fact that some interviewees are more long-winded than
others. If that were the case then one might expect longer segments for longer
interviews: each topic takes longer to cover. However it is also possible that longer
interview transcripts simply cover more topics than others. If so, then the divi-
sion of longer interviews into longer segments may have been due to annotator
exhaustion, resulting in interviews segmented at different levels of granularity.

Fig. 1. Lengths in sentences of the manually-created segments.

Segmentation granularity also varied across annotators. The original extrac-
tor placed boundaries slightly more frequently than the overall rate, which was
about one boundary per 59 potential boundaries. Annotator A placed fewer
boundaries (creating longer segments) on average than either the original extrac-
tor or annotator B. Annotator B placed more boundaries (creating shorter seg-
ments) on average than the other two. This could indicate that annotator B
engaged in more “trimming” than the other annotators. These differences in
boundary placement rates across annotators might lead one to expect low inter-
annotator agreement, and indeed that is the case.

To measure inter-annotator agreement the boundary edit distance metric pro-
posed by Fournier [3] was used. Boundaries differing by more than eight sentences
were treated as misses, while boundaries differing by eight or less sentences were
treated as “near misses”, scaled the distance between the boundaries. A bound-
ary edit distance of one indicates perfect agreement. The micro-averaged edit
distance between pairs of boundaries placed by two annotators was 0.27±0.0232
(95 % CI, n = 1270). This pairwise mean boundary edit distance measures actual
agreement; to correct for chance agreement one can calculate Fleiss’ π∗ coeffi-
cient [2], which was also 0.27.
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4 Discussion and Future Work

This study examined flat, non-overlapping segmentations of oral histories, but
topical structure is generally believed to be hierarchical [6]. Ashplant [1, 107] sug-
gests that this is true of oral histories in his analysis of part of The Dillen [5].
He discerns a three-level topical hierarchy, with anecdotes grouped into narrative
elements, which are in turn grouped into broad topical clusters. Differing judg-
ments about which of these levels is the appropriate one for selecting extracts
from may have been a factor contributing to the varying segmentation granular-
ities found in this study.

Segmentation and segment-level description could make oral histories more
accessible. But even though identifying topically coherent segments within inter-
views is an accepted part of working with oral histories, people often do not agree
on the boundaries of those segments. In this study, annotators agreed (exact
match or “near miss”) on less than half of the boundaries they placed. Further
progress will depend on clearer definition of the segmentation task.

Acknowledgments. This work was funded by the Institute of Museum and Library
Services. Thanks to the Southern Oral History Program for making the interview tran-
scripts available and Kathy Brennan and Sara Mannheimer for their annotation work.
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Abstract. This article reports on the development of an interactive web
environment, backed by a digital library, that supports the creation of
new flag designs. Specifically, it supports the user through an iterative
design process, guided by principles drawn from the field of Vexillology.
The work has been motivated by a legally binding referendum on the
issue in New Zealand, planned to occur in late 2015/early 2016.
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similarity

1 Introduction

What the future flag of New Zealand will look like has become the topic of sig-
nificant debate with the country’s current Prime Minister, John Key, scheduling
a two-stage binding referendum on the matter over the years 2015–2016. With
a background in digital libraries, human computer interaction, and open source
software development the authors of this paper decided to develop an online
interactive environment that allows members of the public to try out their ideas
for a new flag, which we report on here. We enrich the core design activity with
feedback over how similar the flag the user is designing is to other existing flags.
We also allow the user to visualise the flag flying in a variety of conditions. This
is all achieved in real-time within the user’s web browser, with the results of
users’ designs stored in a digital library.

2 Worked Example

The aim of our work was to create an on-line environment in which users could
develop their own flag designs. In particular we wished the environment to
embody the principles of good flag design [2]. Figure 1—which shows a sequence
of snapshots taken during a session by one user interacting with the developed
c© Springer International Publishing Switzerland 2015
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(a) Canvas size (b) Palette selection

(c) 2D Editor (d) Similarity comparison

(e) 3D Visualisation (close-up) (f) 3D Visualisation (wider view)

Fig. 1. The developed iterative flag design process (Color figure online).

web site—demonstrates the solution we devised. After a splash page introducing
the site (not shown) the user is presented with a page asking them to select the
aspect ratio of their flag (Fig. 1a). The aspect ratios are derived from a digital
library collection of the world’s flags we have developed. Boxes visually matched
to show the various ratios are presented, with the example flags that have those
dimensions shown within the respective boxes. The displayed boxes are frequency
sorted left to right, showing most common to least common. Clicking on one of
the other boxes changes the selection, and hovering over a flag brings up a tooltip
which lets the user see the name of the country.

When the user is ready to proceed to the next step, the instructions displayed
directs them to click the right arrow on the page, or else perform a right-to-left
swipe action. This brings up Fig. 1b, where an artist’s palette is the key feature.
By default the three colours used in the current New Zealand flag are shown.
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Our snapshot was taken a little while later on, after the user interacted with the
page, using the slider at the bottom to increase the number of colours up to 7.
From this screen the user can continue (click right arrow, or swipe) to the next
stage (flag design), or else use the left arrow (left-to-right swipe) to return to
the aspect ratio stage.

Figure 1c shows our user went on to the flag design stage. This is the key
stage of the environment, where the user is likely to spend most of their time.
Here they are presented with a browser-based “paint-style” program. Down the
left-hand side are the different shapes that can be drawn (rectangle, ellipse,
star, etc.) as well as a selection tool for manipulating drawn shapes. Along the
bottom of the paint program area are controls for selecting the current fill and
line colour of the shapes being drawn. Through the file menu (top-left) more
substantial edits can be effected, such as importing a symbol from a library of
shapes. In the case of our user, for their flag design they have imported a fern leaf
from the Open Clip Art web site1 through the file menu, changed its colour to
white (it was green initially) and positioned it on the left. They then duplicated
the shape, mirrored it in the y-axis, and positioned to the right.

Figure 1 also has some vertical bars to the right (coloured brown, green and
blue in the figure), through which the user can access views that provide addi-
tional context to the on-going design. Utilising an accordion-type metaphor,
clicking on one of these bars squeezes the current view closed to make way for a
new view to be display. The remaining snapshots in Fig. 1 (d)–(f), are snapshots
taken from accessing these bars. In Fig. 1d the user is shown how similar their
current design is to other flags in the world. Hovering over a flag brings up a
tooltip with the name of the country and a similarity score—in this case, 75 %.
The next bar over in the interface does the same thing with the alternative New
Zealand flag designs (not shown). Clicking on the right-most bar brings up the
view shown in Fig. 1e, which displays the designed flag flying on top of the New
Zealand Parliament Building. This is an interactive 3-dimensional simulation.
The user can shift and move around the location to view the flag from other
angles, as shown in Fig. 1f. This last snapshot also shows the simulation allows
for elements of the weather to be adjusted. The scroll-bar at the top of the
viewing area controls the strength of the wind, and through the pull-out area
to the right, they can experience what the flag looks like when it is raining and
snowing, in addition to when it is sunny. When the user is satisfied with their
design they click/swipe on to the final stage (not shown) where they are asked
to fill out contact details if they would like their flag to be published in the site’s
digital library collection of alternative designs.

3 Implementation

In terms of implementation, the core component is a Greenstone 3 digital
library [4] consisting of two image collections: one for the world’s flags, and
the other comprised of alternative designs for the New Zealand flag. We utilise
1 https://openclipart.org/.

https://openclipart.org/


Digital Libraries Unfurled: Supporting the New Zealand Flag Debate 333

the baseline functionality of Greenstone 3, which includes incremental ingest and
metadata assignment, to incorporate the new designs. To meet the additional
functionality needed by our site, advances in web browser-based standards meant
we were able to achieve this without resorting to customized digital library
services. While the Greenstone DL architecture allows for extensible services,
performing this functionality in the web browser means there is a considerable
saving in computational cost in providing the site.

The 3D rendering is accomplished using WebGL.2 A particle system utilising
springs is used to provide a cloth-like simulation [1]. The image similarity cal-
culation is based on an HSV colour quantized histogram calculation [3]. Within
the web browser the individual pixels to an image are accessible when rendered
to an HTML canvas element. We use an off-screen canvas to render the flags at
full size for the calculation.

When a user first visits the flag design site, an AJAX call is used to see if
computed colour histograms for the flags in the DL already exist. If they do
not, then the browser computes these, and sends back the computed values to
be stored in the DL as metadata, run-length encoded to save space. If a web
browser supports local storage, this information is also stored in the browser to
avoid even the need of pulling the computed data over the network on subsequent
visits to the site. A comparable technique is used for computing and storing the
aspect ratios of the flags. A checksum scheme is used to notice when data on the
server has changed, and consequently local information should be discarded.

4 Conclusion

To conclude, in this article we have presented the design and implementation
of an interactive web environment, backed by a digital library, that supports
the development of new flag designs. Motivation for the work has come from
a planned flag referendum to be held in our country. Beyond the core activity
of developing a new flag design with a “paint-style” application, our solution
provides additional context to support the user in this process: showing the user
how similar their design is to other flags; and allowing them to visualise, in 3D,
the flag flying in a variety of conditions. The site is accessible via the URL: www.
greenstone.org/nz-flag-design.
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Abstract. This is a novel approach to managing costs in digital preservation,
one that takes advantage of an object-centric approach developed by means of
self-preserving digital objects whereby the objects manage their preservation not
only by maximizing the chances of avoiding obsolescence but also doing it at a
minimum cost. To accomplish this, we assign a budget that the objects manage
to achieve the necessary preservation services at a given cost. Several strategies
apply, such as maximal preservation service at all costs or burn low even if the
preservation is not perfect. We explore optimizing the budget of self-preserving
digital objects through micro-negotiations of objects and services, expecting
accurate balance of costs and quality of preservation. Specifically, in negotia-
tion, we will explore the price-based algorithms that are the electronic auctions,
notably the combinatorial and multi-unit auctions. We compare the expected
lifetime of digital objects with the two electronic auction algorithms with the
aim of deciding in what conditions these algorithms apply and deliver good
results. In all, this work, exploratory in nature, studies a bottom-up approach of
cost management in digital preservation, contrary to the prevailing top-down
approach of the state of the art, using e-auctions.

Keywords: Digital preservation � Self-preservation � Auctions � Agents

1 Introduction

As was explained in [4], the prevailing paradigm is centralized, top-down, in which
institutions are the main players. We propose studying a change in paradigm, to one
that is mainly bottom-up, in which the digital objects self-preserve.

Works in this line such as [1–3] leave a path open to digital objects that have
incorporated behaviors to combat digital obsolescence with a promising level of suc-
cess; however, part of the success is also due to the correct management of the budget
that digital objects have for their preservation. In this concept, the digital objects
become active actors in their own Long Term Digital Preservation (LTDP) by a new
definition of the digital object to be preserved, the Cost Aware Digital Object (CADO),
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which has a budget to compete with other CADOs and negotiate with digital preser-
vation services in search of their own LTPD.

We will contribute to the digital preservation as an object-centric perspective of
recovery and cost management, a new recovery method in itself with a clear focus on
costs and efficacy.

2 Cost Aware Digital Objects

In [5], we focused on the optimization of the budget of self-preserving digital objects
through micro-negotiations as combinatorial and multi-units of preservation and
curation services for the objects to be preserved. This paper expands our previous
work, seeking an efficient cost management following our paradigm of self-preserving
digital objects. In this paradigm, we rethink the relationship between DOs and digital
preservation services, as follows.

2.1 Definitions

The CADO. It is responsible for its own-conservation with its own budget for hiring
preservation services, such as risk assessment data loss, data recovery, metadata
extraction, migration and new storage formats. We define the state of obsolescence
with four attributes: accessibility, readability, integrity and authenticity, the combina-
tion of which represents the quality of CADO and digital longevity.

Virtual Currency for Preservation. To extemporize and universalize the price
assignment of the LTDP services costs, so that we will talk of the same prices now and
in the future regardless of the monetary paradigm of the future, as well as provide a
budget for CADO in a transparent, easy, and general way, we define a virtual currency
called PRESERVA (₱). We define 1₱ as the cost of preserving a DO for 100 years. In
our experiments, we use the m₱ (miliPRESERVA).

Preservation Services. There are specific preservation actions such as format migra-
tion, metadata extraction, and new storage. Examples of them were taken from [7],
including services that are of relevant types and compatible with a CADO so that they
can increase one or more attributes at the same time. We organize them in terms of a
generic type of preservation (i.e., general families of services that will be valid 100
years from now, such as storage, migration, etc.) and a particular type (the services
themselves), an initial sales price and a minimum one, and an estimation of the increase
in percentage of the four attributes that a CADO can experience with this service. The
quality percentage of increase at each CADO attribute is calculated by estimates that
have been made based on several heuristic criteria, such as family and specific type and
the number of downloads. The price is estimated with respect to the general family of
the services with a random variation of ± 10 %. We define five general families of
service: storage, metadata, migration, integrity, and authenticity. To obtain the price of
each family of service, we argue: if the cost for preserving a DO for 100 years is 1₱ and
we estimate the number of times that DOs will need the different families of
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preservation services during this time, we can obtain the price of each family of service
in miliPRESERVA. We obtained a price of 15.38 m₱ for the storage services and
25 m₱ for the metadata, migration, integrity and authenticity services.

SAW – Software Adoption Wave. This represents a massive upgrade of old software
to new software, a wave of change. It occurs at the same pace of the formats update,
i.e., 5 years [6]. In each SAW, we activate digital preservation actions to recover the
CADO quality loss suffered in these waves. We simulated the SAWs with a percentage
decrement of CADO attributes: randomly, 10 % or 20 % decrements are applied.

2.2 Simulations Set Up

5 simulations per scenario are run to have statistical ground, and as was explained
above, in each scenario, the prices of the services vary ± 10 % as well as the impact of
the quality boost in the CADOs. 20 iterations occur at every run (of 100 years), and a
SAW is simulated at every iteration, that is, every 5 years. The simulations run 1000
CADOs and 100 preservation services. Three scenarios are developed according to the
initial budget assigned to all CADOs. The scenarios are the following: low budget is
500 m₱, medium budget is 1000 m₱ and high budget is 2000 m₱.

3 Results and Conclusions

Before studying the results obtained with the different e-auctions, the best baseline was
chosen. The three baselines that were run are: the best quality, where in each SAW, the
CADO chooses the service with more quality among compatible services; the cheapest,
where in each SAW, the CADO chooses the cheapest service among compatible ser-
vices; and the first choice, where in each SAW, the CADO chooses the first compatible
service that is found, without considering either the price or the quality of the service.
The best baseline strategy for all the scenarios (low, medium and high budget) was
buying the digital preservation services with the best quality, and it is compared with
the multi-unit and combinatory auctions (both descending and reverse).

As observed in the three simulation scenarios (see Fig. 1), the best auction
mechanism, that is, the one that is better able to manage the budget, is the combinatory

Fig. 1. Low, medium and high budget experiments
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auction for high budgets, and the multi-unit auction for lower budgets. It has been
found that the higher the budget is the better are the results of the combinatory auction
regarding the other two e-auctions.

Finally, this result encourages us to follow the research in this line with experi-
ments of wider scope and refined behavioral auction heuristics.
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Abstract. This demo paper introduces an editor for manual annotation
of locations in digital books, using a crowd-sourcing approach. It is the
first of its kind and allows book lovers and literary travel enthusiasts to
annotate the locations in their digital books on-the-go. We show both
a mobile and a desktop version, and briefly explain the linkage to the
Digital Library that is holding the digital books.

Keywords: Location ·GPS ·Geo-location in books · Semantic markup ·
Semantic annotation · Story lines · Literary tourism · Crowd-sourcing

1 Introduction

The importance of places and locations in literature is highlighted by Malcolm
Bradbury’s observation that a “very large part of our writing is a story of its
roots in a place: a landscape, region, village, city, nation or continent” [3]. As
a literary device, the role of places and locations is primarily to help explore
aspects of identity [4], and so not only may a location in the narrative be real
or imaginary, often the boundaries between these are intentionally blurred to
create imaginary spaces [7].

Literary tourism is a type of cultural tourism, which focuses on the real-world
locations of fictional works and the lives of the authors. It reflects a common
desire in many readers to gain a deeper appreciation and understanding of a
book they have read—particularly if a book made a significant impact on them.
In many ways, modern literary tourism is the successor of the British Grand
Tour of Victorian times, in which the upper class would voyage through the
cultural centres of Europe [5]. Digital technologies make it easier for the liter-
ary tourist of today to engage with geo-information before or after their travel.
Furthermore, gaining access to this information in-situ during their travels is
technically getting easier now that literary tourists may use smart phones and
tablets instead of, or in addition to, books and maps. Currently, many resources
for literary tours are relatively static (e.g., web sites providing lists of locations
sometimes accompanied by a stylized map). More compelling is the dynamic
display of location information as a reader travels (e.g., as in Tipple [8]); how-
ever, for this to be supported, geo-location annotation of places and locations in
literary works is required.
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This paper introduces an editor for manual annotation of locations in elec-
tronic books, stored in a digital library and, in doing so, provides a tool for
crowd-sourcing the location annotations. Previously, we used simplified auto-
matic annotation using a gazetteer [10], and explored more recently the require-
ments of creating geo-locations for digital books in three case studies. The edi-
tor, called Book Navigator, offers both a mobile app version and a desktop-based
interface for creating geo-location annotations, which are stored in addition to
the eBook in Greenstone [12]. The remainder of the paper shows a brief walk-
through of the mobile and desktop system (Sect. 2) along with a overview of the
system architecture and implementation in Sect. 3. We discuss related approaches
in Sect. 4, and conclude with a short summary.

Fig. 1. Book view

2 Walk-Through

Figures 1 and 2 show screenshots of the mobile
Book Navigator interface for annotating loca-
tions in books in-situ. In the example shown,
a user visiting the Hamilton Gardens is anno-
tating a book about the Paradise Gardens on
their mobile device. Figure 1 is the document
view during the annotation of a short para-
graph. Navigation through the book is done
through up/down scrolling; annotation is initi-
ated through a long-click on a text element. In
this screen, one can see that the user is able to
select an area or a path (two buttons at the lower
end of the screen) to annotate. Figure 2 shows
the equivalent map view based on the user’s cur-
rent location. A path is defined through a num-
ber of locations; its direction is defined through
the order in which the locations are selected.
Users can either annotate locations with their
current position (based on GPS) or with dis-
tant locations selected via the map. The desktop
interface is not shown here; in the desktop ver-
sion all locations have to be explicitly selected
on the map for annotation. However, the larger
screen makes it possible to show both text and
map at the same time.

Fig. 2. Map view
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3 Architecture and Implementation

Fig. 3. Architecture of mobile annotator

Figure 3 shows the archi-
tecture of the editor soft-
ware for annotating eBooks
with locations. The map
information is imported
from Open Street Map, the
eBooks are held in a Green-

stone Digital Library. The dis-
play component allows a
user to select an eBook
from a collection, and dis-
play the text in the Map

Display. The user can nav-
igate through the text of
the book; via the Anno-

tator component, they can
then select a part of the
text and assign location
markers—see Fig. 4 for the
conceptual diagram of the
relationships between mar-
ker, location markup, text
annotation, and book. The
annotations (i.e., text posi-
tions and location informa-
tion) are first stored locally
on the mobile device (to
ensure independence from
a server connection) and can be uploaded later to the digital library running
on the server side or to a cloud storage for exchange. This architecture can also
be run self-contained on a smart phone using the mobile configuration of Green-
stone [2]. We currently support (see Fig. 4) markers for areas (polygon), paths
(polyline), single GPS locations (point) and gateways to indicate entries and
exists (directed graph). Text elements (e.g., words, phrases or paragraphs) can
have several locations assigned. The annotation only stores the beginning and
the end of an annotation and does not refer to the text content itself.

4 Related Work

Fig. 4. Conceptual design

Maps of literary spaces are typically hand-crafted, i.e., the locations are col-
lected through literary analysis and then entered into maps. Examples of such
mappings are found in the “Literary Atlas of Europe” [16] and the “Atlas of Lit-
erature” [3]. Older projects are “Projekt Historischer Roman” (mapping 6700
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German language novels) and “Atlas das Literaturas Regionais do Brasil” (map-
ping 550 Brazilian literary works); however, neither of these provide open sources
nor allow further location annotations [15]. The Gutenkarte automatically identi-
fies geo-locations in classic texts from project Gutenberg (http://www.gutenberg.
org/) and the MetaCarta API. Its approach is similarly simplistic and limited as
our work using a gazetteer of place names [10].

Literature analysis has long focussed on the temporal aspects of a narrative.
In recent decades, this has shifted to a focus on spatial aspects [6], which has
been referred to as a spatial turn [17] and topographical turn [18]. Bachti uses
the concept of chronotopoi—elements of space-time of a story—which form the
foundation for “showing and representing” events in a literary text, e.g., on maps
or timelines [1].

Piatti et al. [15] note that literary geography is based on individual readings
and acknowledge a double uncertainty in both the primary material (uncertainty
of location information in the text) and in the methodology (location annota-
tion). We embrace his uncertainty and the highly individually biased nature of
literary location annotations through our crowd-sourcing approach. Inspiration
for our annotation interface was drawn from semantic annotation tools [11]. The
native support for semantics in digital libraries (e.g., JeromeDL [13], Green-
stone [9]) typically abstracts at the document level and these works did not
provide the type of fine grained access required here. In fact, most systems that
provide location-based information either use automatically collected coordi-
nates [14] or expert manual location markup [3,16].

5 Summary

This paper introduced our editor prototype for creating mobile annotation of
geo-locations in eBooks. By storing the books and suggested annotations in a
digital library, we provide an environment that allows the crowd-sourcing of
this information. We investigated related work on mapping literature and dis-
tinguished our crowd-sourcing approach from the work of literary cartographers.
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Abstract. In this demo, we present two applications which allow users
to ‘see’ a geometric interpretation of the Bayes’ rule and interact with a
Näıve Bayes text classifier on a real dataset, namely the Reuters-21578
newswire collection. The main objective of this demo is to show how the
pattern recognition capabilities of the human increase the effectiveness of
the classifier even when technical details are not known in advance or the
user is not an expert in the field. These two applications were developed
with the R package Shiny; they have been deployed online and they are
freely accessible from the links indicated in the paper.

1 Introduction

When we want to quantify the uncertainty of the outcome of an experiment, we
can use Bayesian modelling to build the mathematical model of the experiment.
In this context, Bayes’ rule is used to compute the posterior probability of a
variable given some observed data. Posterior probabilities can be hard to com-
pute; therefore, a “näıve” solution is to make some assumptions that allow for
a factorisation of the posterior probability into simple conditional probabilities
which are easy to compute [3]. Näıve Bayes (NB) classifiers have been widely
used in the literature of Data Mining and Machine Learning since they are easy
to train and reach satisfactory results which are comparable to the results of
more complex state-of-the-art classification algorithms. However, the optimisa-
tion of the parameters of NB classifiers is often not adequate, if not missing at
all. Based on the idea of Likelihood Spaces, a two-dimensional representation
of probabilities [2], we have developed two Web applications which provide an
adequate data and knowledge visualization to teach in a real machine learning
setting how parameter optimisation and misclassification costs affect the perfor-
mance of the classifier. In this demo, we show a geometric interpretation of the
Bayes’ rule which can be used to teach to non-experts how NB works and how
to optimise the parameters of these classifiers in a very intuitive way. In addi-
tion, we present a real text classification problem based on the Reuters 21578
collection.1

1 http://www.daviddlewis.com/resources/testcollections/reuters21578/.
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2 Mathematical Background

Bayes’ rule gives a simple but powerful link between prior and posterior proba-
bilities of events. For example, assume that we have two classes c1 and c2 and we
want to classify objects according to some measurable features of the objects.
The probability that an object o belongs to c1 is:

posterior︷ ︸︸ ︷
P (c1|o) =

likelihood︷ ︸︸ ︷
P (o|c1)

prior︷ ︸︸ ︷
P (c1)

P (o)
(1)

Bayes’ rule tells us that, starting from a prior probability on c1, we may change
our idea about the probability of class c1 after observing the object o, according
the ‘likelihood’ of that object. If o is represented by a set of features F =
{f1, f2, ..., fj}, a Näıve Bayes approach factorises P (o|c1) as:

P (o|c1) =
∏

j

P (fj |c1) (2)

where features are independent from each other given the class, that is the
conditional independence assumption.

3 Demo

The first part of the demo2 shows the implications of the visual interpretation
of the Bayes’ rule on a two-dimensional space. In the second part of the demo,3

we show how this two-dimensional space can be used in a real scenario of text
classification using the Reuters-21678 newswire collection.

Bayes’ Rule. If we imagine P (c1|o) and P (c2|o) as two coordinates of a carte-
sian space, we can draw objects on the segment with endpoints (1, 0), (0, 1) (since
P (c1|o) = 1−P (c2|o)). In Fig. 1, objects are represented by three binary features
f1, f2, and f3 (this is called a multivariate Bernoulli NB classifier). Each point
in the plot represents an object (three binary features, 23 = 8 objects), when a
point is below the line that passes through the origin (i.e. P (c1|o) > P (c2|o)), it
is classified under c1. The user can change the values of the conditional proba-
bility for each feature and class and see the effect in terms of the position of the
points.

The demo allows users to study situations that are more realistic in terms of
real machine learning problems. First, it is often the case that the normalisation
factor P (o) is not computed when classifying the object because it is a constant
that does not change the classification. By de-selecting it from the interface, we
see how the coordinates change accordingly (P (c1|o) ∝ P (o|c1)P (c1)). Users can
2 https://gmdn.shinyapps.io/bayes2d/.
3 https://gmdn.shinyapps.io/shinyK/.
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Fig. 1. Teaching how Bayes’ rule work on a two-dimensional space.

also adjust the prior P (c1) and see the effect of an “unbalanced” class situation.
When normalisation is not active, we can even choose whether to shift points or
rotate the classification line by selecting ‘Odds class line’ (P (c1|o) ∝ P (o|c1)).
In addition, it is possible to show the coordinates of the objects as logarithms
of probabilities by selecting ‘Log space’ on the interface. Therefore we can study
the problem in terms of log-likelihood, log(

∏
P (fj |c1)) =

∑
log(P (fj |c1)).

Newswires Classification Task. In the second part of the demo, we show a
real text classification problem with a multivariate NB classifier. The interface
allows users to: choose one out of ten categories, select the number of train-
ing/validation folds and features for training the classifier, smooth probabilities
to avoid zero probabilities [5], adjust misclassification costs [4]. In real cases
like this one, the logarithm transformation is necessary. Starting from default
parameters, the user can interact with the model and find the parameters that
produce a good separation between the two classes with little effort and without
necessarily being an expert in the field [1].

4 Conclusions

The objective of this demo was two-fold: to introduce a geometric interpretation
of Bayes’ rule which can be used to teach how NB classifier works in an intuitive
way; to show how the pattern recognition capabilities of the human can improve
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the effectiveness of the default NB classifier even when technical details are not
known in advance. There are still some interesting open questions about the
meaning of the parameters that are found by visual inspection compared to
other solutions found by automatic optimization approaches (Fig. 2).

Fig. 2. Optimizing a NB classifier on a real text classification problem.
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Abstract. This study investigated the non-users of the CAPES Portal of
E-Journals, a governmental initiative to offer free access to e-journals to con-
sortiated federal educational and research institutions in Brazil. The research
used a, mostly, quantitative research methodology, which collected some
qualitative data through a Web Survey. 16.1 % of survey respondents declared
that they did not use the Portal. These non-users were asked (1) which were the
reasons which led to non-use, (2) if there were other electronic information
sources they used, and (3) if they would use the Portal in case the barriers
identified for the non-use were remedied. The results show that the non-use of
the Portal is caused mainly because respondents lack information about its
existence (24.5 % of responses), use other information resources (22.3 % of
responses) and prefer printed journals (11.6 % of responses). Another important
finding is that 82.1 % of the non-users would become users if the barriers
indicated by them as the cause of non-use were solved. The study contributes to
the scarce literature on non-users of digital libraries and presents recommen-
dations to improve use based on the results obtained.

Keywords: Study of non-users � Digital libraries � Electronic journals � Capes
portal of E-Journals (Brazil)

1 Introduction

The Capes Portal of E-Journals was launched in Brazil in November of 2000 as a
governmental initiative. It currently provides, to over 420 higher education or research
institutions, access to the full text of over 37,000, mostly international, journals. It also
offers some 130 reference databases in addition to technical standards, patents, theses,
dissertations and books covering all areas of knowledge [8]. The Portal is freely
accessible locally through the IPs of the licensed institutions. Remote access to the full
contents of the site is also possible if the partner institution offers this possibility to its
community of users.

Because of its importance and relevance, several studies have adopted the Portal as
an empirical object of research. Some of this research have identified that part of the
potential users of the Portal do not access it [3, 5, 6]. Motivated by this finding, the
current study proposed, as a research question, to investigate why a portion of the faculty
in universities belonging to the Capes Consortium do not use or underutilize the Capes
Portal of E-Journals.
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2 Non-users Studies

While there is a vast literature discussing the studies of users of information sources,
the study of the non-users has not been given as much attention. Totterdell [9] points
out that user studies are very much focused on users and warns that studies must extend
this population in the coming years as it is also necessary to know the reasons for
non-use. Le Coadic [4] pointed out that all information systems have non-users and
these are by far more important than the users.

The advent of the Internet brought to reality the possibility of remote access to the
digital format of traditional journals. The access to and use of full-text digital scholarly
journals has risen dramatically over the last ten years – and still continues to rise at a
substantial rate, leading to a revolution in scholarly communications. A massive and
unprecedented migration of research works from the print to the virtual world is
happening [7].

Adegbore [1] emphasizes that scholars indicate satisfaction with and acceptance of
electronic resources and signal interest in continuing to use them. Given this finding,
the author warns that barriers to their use should be reduced. To this end, information
elicited from non-users can provide an excellent source of feedback to help identify and
diminish the problems, as highlighted by Consonni [2]. Non-users can help to point out
service limits and issues, give suggestions for improvement and provide information
about what it is generally expected from the digital library. However, information about
the non-user is not easily available: there is not a bibliography of studies of non-users
of digital libraries, and although the topic is mentioned in a few researches as a
challenge, it is never seriously tackled [2].

3 Methodology

Data was collected through a web survey. Initially the researchers sent an invitation
letter to 14,763 faculties from 17 universities which had access to the Portal. All
universities selected had schools and courses on eight great areas of knowledge and
were distributed in the five geographic regions of the country. Faculty who did not
respond to the initial message, received two additional invitations, with an interval of
30 days between them, encouraging them to participate in the study. The Web Survey
included four questionnaires. The first consisted of questions relating to personal and
professional characteristics of respondents and was directed both to users and
non-users. The second was aimed at users and had questions regarding user behavior
and interaction with the Capes Portal. The third was about user satisfaction with
various aspects of the Portal. The last one was dedicated to the non-user of the Capes
Portal of E-Journals. The non-user questionnaire had 9 questions. In the current work,
questions 1, 2 and 9 were analyzed and presented. Question 1 asked the respondent
about the motives for not using the Portal. Question 2 inquired about the use of other
e-sources. Question 9 was about respondent’s reaction about difficulties and barriers to
use of the Portal. Other questions of the questionnaire dealt with non-user behavior or
were qualitative questions which, for reasons of space, could not be included in this
paper.
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4 Presentation of Results

This session will present the results obtained from the analysis of the data. First the
session presents an overview of the total number of respondents of the survey, followed
by the analysis and discussion of the answers by the non-users to the questionnaire.

The first questionnaire of the Web Survey had a total of 6,689 respondents. Of
these, 1,075 (16.1 %) reported that they did not use the Capes Portal. Only 1,017 of
these non-users continued in the Web Survey and answered the next questionnaire
dedicated to the Portal non-users.

In Question 1 of the non-user questionnaire respondents had the option to mark
twelve pre-established reasons for non-use of the Portal. Respondents could score as
many options as judged necessary. Percentages reported below refer to total number of
checked responses (1,536) not total number of respondents (1,017). The top five rea-
sons for the non-use of the Portal, which account for 71.5 % of the options marked by
Portal non-users were: not knowing about the Portal existence (reason indicated by
24.5 % of responses), the use of other resources (reason indicated by 22.3 % of
responses), the preference for printed journals (reason indicated by 11.6 % of
responses), the difficulty of access (reason indicated by 6.6 % of responses) and the
impossibility of accessing the Website from home (reason checked by 6.4 % of the
responses). The remainder of the reasons (It is time consuming/I don’t have time, I
don’t have practice/I’m not able to use the computer, It is difficult to use, I don’t need
it, I’m not interested on it, I (don’t like)/(am afraid of) computers and other) accounted
for 28.5 % of the answers.

Question 2 of the questionnaire tried to identify other electronic information
sources used by respondents. This question allowed the selection of multiple responses.
Faculty had the option of selecting eight options already preset in the questionnaire.
Percentages reported below refer to total number of checked options (2,657) not to total
number of respondents (1,017). The four other sources most used by the non-users of
the Portal, accounting for 73.3 % of the electronic sources used were: search engines on
the Internet such as Google or Yahoo (source indicated by 28.1 % of responses);
websites in general (source indicated by 18.7 % of responses); libraries on the Internet
(source indicated by 14.8 % of responses); and online catalogs of libraries (source
indicated by 11.7 % of responses). The remainder other sources (other e-journals in the
internet; databases on CD-ROM or Internet; open archives and others) accounted for
26.7 % of the answers.

The ninth question of the questionnaire asked whether the respondent would use the
Portal if problems or barriers were eliminated. Only 1.4 % of the Portal non-users said
they would never use it in case the barriers they reported were remedied. It was also
interesting to note that the response options representing a higher frequency of use of
the Website if the barriers were eliminated (regularly every week and regularly every
month), were the ones that had the highest number of responses (62.2 % of the
responses). Both results show the importance placed by faculty on the Portal for
university teaching and research.
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5 Discussion and Conclusion

Results show that even the portion of the faculty that reported they do not use the Portal
recognizes it as highly important and would use it if the problems they pointed out were
eliminated. It is thus highly recommendable that attention be given to remedy these
difficulties. The most important of these is not being informed about the Portal or even
about its existence. Although there is already great effort on this area, this study
recommends that new sources of electronic information, such as Portals or digital
libraries, spend high efforts on visibility and be widely advertized to their potential
users. Users should understand the contents and utility of the information resources
present in the Portal to their teaching and research. Another important reason for
non-use of the Portal is the preference for other e-resources such as search engines and
other Web sites. In the case of the Portal, the user should be educated about the value
and difference of the selective, expensive scientific databases and journals, freely
available at the Portal, as compared to information on the Internet. Research about
difficulties of the users in their interaction with the Portal is recommended to further
understand non-use and underutilization of the resource.

The current study contributes to fill a gap in research about the non-user of digital
libraries, considering the shortage of studies of non-users in the scientific literature. The
study also may help in the elimination of barriers that hinder the use not only of the
Capes Portal, but also of other portals and digital libraries, being, thus, of importance to
understand the reasons why these electronic information systems are not used or
underutilized.
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Abstract. It is necessary to solve interoperability, compatibility of standards
and even legal issues to secure aggregation of the digital content on the national
level. Activities in the Czech Republic aim to create environment based on open
source software to achieve such goals. New tools and systems are developed to
secure complex digitization processes including digital data processing, work-
flow monitoring, archiving and providing access to e-content in digital libraries.
It is very cost effective to provide open source solutions for digital data pro-
duction and dissemination on national level. Usage of the same solutions
between culture heritage institutions results also in sharing the same data and
metadata standards which is advantage in aggregation process.

Keywords: Digital libraries � Digitization � Aggregation � Digital data pro-
duction � Communications protocols � Standards � Interoperability � Repository

1 Introduction

The interoperability of digital libraries and development of the open source solutions
supporting digital document production and dissemination is the main topic of the
development of the project “Czech Digital Library and Tools for the Management of
Complex Digitization Processes”1 which is supported by the Ministry of Culture of the
Czech Republic. In this context interoperability makes possible to share and re-use
the content (informational materials) from different digital collections and manage also
the way of the production. The main requirement - to achieve interoperability - is
reached by usage of the specific library communication protocols (e.g., OAI-PMH,
Z39.50, SRU/SRW) and metadata standards (e.g., Dublin Core, METS, MODS, MIX,
PREMIS, FOXML).

1 Please see the official project webpage http://www.czechdigitallibrary.cz/, where all the general
information about the project are available.
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2 Summary of the Project Goals

2.1 General Information

The goal of the project is to create the Czech Digital Library (“CDL”) which will
aggregate the content of digital libraries in the Czech Republic. It will serve both as a
uniform interface for end-users and as a primary data provider for international pro-
jects, especially for Europeana, the UNESCO digital library etc. It will also be an
important source of digital data generally and it is one of the main pillars needed to
provide centralized digital services in the Czech Republic, as they are defined in the
“Library Development Strategy of the Czech Republic for 2011 to 2015,” approved by
the Czech Ministry of Culture.2 The whole system solution is composed from various
independently working solutions used in the Czech Republic for many years (Fig. 1).

Fig. 1. Czech Digital Library - schema of the data flow

2 All the information about the activities supported by the Ministry of Culture are available via website
http://www.ukr.knihovna.cz/koncepce-rozvoje-knihoven-cr-na-leta-2011-2015-/.
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2.2 KRAMERIUS Digital Library3

The Kramerius System is a software solution used as the main access point to digital
documents coming from the modern documents digitization. It is primarily intended for
digitized library collections, monographs and periodicals. It can be used to present
other types of documents as well, e.g. maps, music sheets and old prints, or parts of
documents, such as articles and chapters. The system is also suitable for the so-called
born digital documents, the documents that originated in electronic form. Kramerius is
continually adjusted to match the structure of the metadata standards proclaimed by the
National Library of the Czech Republic.4 The system provides an interface for end
users, providing search in metadata and full text, generating multi-page PDF docu-
ments from selected pages, creating virtual collections and other operations on the
stored collection of digital documents defined. It builds on the functionality of the
previous versions of Kramerius ending marking 3.3.1. Open source Fedora Repository
is used as the back-end solution. The third party technologies – e.g. Apache, Apache
Solr, Postgres SQL were used more often during development. The system is based on
Java technology and it can be run as web application in any of the J2EE container (e.g.
Apache Tomcat). Almost libraries in the Czech Republic use Kramerius system to run
their digital library. All installation hold currently more than 60 million pages together.

The open source Kramerius system will be the initial software solution for the
Czech Digital Library. Ensuring the interoperability with various types of digital
libraries and institutional repositories is necessary. Besides data harvesting from dif-
ferent instances of the Kramerius system, it is also necessary to arrange a connection
with other systems (e.g., Dspace, Eprints, Digitool). It will also serve as OAI-PMH
provider with the ESE profile support to share data with Europeana.

2.3 Digitization Registry5

The Digitization Registry6 which was built formerly as a project of the Library of the
Academy of Sciences and the National Library of the Czech Republic, is used as an
interconnecting system and relevant source of information. It holds a large amount of
information about digitized documents in the Czech Republic, including the identifi-
cation of original printed documents, owner and location of the digital library where the
digital document is available, persistent identification (e.g. Czech National Bibliography
Number) and other relevant entries. The main aim of the national registry of the digitized
documents is to avoid unwanted duplication to enable the sharing of digitization results
throughout the Czech Republic and not waste time or money by scanning the same
documents. These days almost 220 000 titles are involved in the application. Almost no

3 More information about the Kramerius system can be seen in Foltyn, T: The Kramerius Systém;
or Foltyn T.: Kramerius Information System.

4 Valid standardization based on METS, MODS, ALTOxml and other worldwide used formats is
available via http://www.ndk.cz/standardy-digitalizace.

5 Please see Foltyn, T: Has It Been Already Digitized?; or Foltyn T.: Registrdigitalizace.cz.
6 The Registry is publicly accessible online at http://www.registrdigitalizace.cz/.
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duplicities has arisen from the everyday usage of the system. The Digitization Registry
could also provide tools for digitization workflow management to simplify the process
of monitoring the digitization. Very important is the fact that it cooperates with library
catalogue systems as well as with digital document repositories.

In the context of interoperability and cooperation with library information systems,
the Registry is designed to communicate and cooperate automatically with other library
information systems as much as possible. It uploads bibliographic records of items
chosen for digitization in batches exported from the Aleph catalogue in MARCXML.
The Registry is able to harvest data from digital libraries via OAI-PMH to import data
describing digitized documents. Finally, it sends information about completed digiti-
zation to library OPACs together with a link to digital documents. Information is
subsequently sent from library OPACs to the Union catalogue of the Czech Republic.

2.4 ProArc – Digital Data Production System

ProArc is a digital document production and archiving system based on the Fedora
Commons repository. Using the same production and archiving tool will enhance inter-
operability and data sharing between individual digitization projects. The rapid
semi-automatic creation of the standard metadata is enabled by the production system. It is
comprised of structural, descriptive and archival metadata, OCR and conversion to specific
graphical formats. With regard to the archival part of the solution, standards for long term
archiving, such as the OAIS model and archiving ISO standards, will be implemented.

3 Conclusion

Mutual interoperability between all developed systems and tools is accented in the frame
of the project as well as interoperability with solutions already existing on the market.
The aim is to share, use and reuse digital content as easily and effectively as possible and
to provide access to all digitized documents in the Czech Republic under one roof.
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Abstract. In recent years, many articles studying microRNA (miRNA)
molecules and their connection to diseases have been published. However,
the wide range of literature in life sciences, raises a barrier in extracting
useful information from them. MirPub is a search engine that resolves
this issue, providing lists of articles related to particular miRNA terms
and useful filters to customise them. In this work, we extend mirPub
by utilising publication ranking methods to provide insights about the
importance of each publication. Moreover, we automatically identify the
species referred to in each publication to serve researchers studying par-
ticular species.
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1 Introduction

MicroRNAs (miRNAs) are small RNA molecules than inhibit the expression of
genes [1] and, thus, relate to many diseases, such as various types of cancer [9].
Because of their importance, many databases collecting microRNA-related data
have been developed in recent years [3,6,7].

MirPub [5] is a search engine for scientific publications related to miRNAs. It
uses an index on scientific publications collected from the U.S. National Library
of Health1 to capture associations of miRNAs to scientific papers. MirPub aims
to provide a comprehensive set of publications related to any keyword that
describes a miRNA, by applying expansion rules on it. Currently mirPub indexes
20,690 papers associated to 31,984 distinct miRNA keywords.

Hitherto, mirPub provides the publications related to a set of miRNA terms
in descending chronological order. Since each term may relate to hundreds of pub-
lications, locating important information can be tedious. To address this issue,
mirPub v2 applies ordering based on publication ranking algorithms. Moreover,

1 http://www.ncbi.nlm.nih.gov/pubmed.
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since researchers usually focus on studies related to particular species, mirPub v2
uses text mining to identify the species mentioned in each publication and pro-
vides a useful species filter that can be applied on the publication lists.

2 Ranking Publications

Ordering mirPub’s lists of publications based on their contribution would facili-
tate focusing on important works. Traditionally, the importance of publications
has been measured by counting citations. However, this measure cannot capture
that citations made by important articles are more valuable than the others. To
address this issue, PageRank [4], an algorithm originally introduced for ranking
Web pages, has been recently applied on citation networks.

PageRank assigns a score PR(pi) to each publication pi according to the
following recursive formula:

PR(pi) = α
∑

pj cites pi

PR(pj)
kj

+ (1 − α)
1
n

(1)

where n denotes the total number of publications in the citation network, pj
and kj refer to a publication citing pi and the total number of its references,
respectively, and α ∈ [0, 1] is a parameter of the algorithm. Thus, PR(pi) is the
weighted sum of the scores of all pj ’s that cite pi plus a constant. The weighted
sum captures the likelihood of someone reading pi after following references to
it from other articles, while the constant represents the probability of randomly
selecting it. Based on the previous, we implemented PageRank for mirPub v2.

PageRank may misjudge important articles if they are not old enough to
collect a representative number of citations. In [2], Hwang et al. proposed an
adaptation that overcomes this by (a) favoring new articles, and (b) incorporat-
ing the impact factor (IF) of the article’s journal in calculations. We refer to this
algorithm as YetRank ; based on it, we implemented two ranking schemes:

Y R1(pi) = α
∑

pj cites pi

Y R1(pj)
kj

+ (1 − α) · IF (pi) · e
tpi

−tcurrent
τ (2)

Y R2(pi) = α
∑

pj cites pi

Y R2(pj)
kj

+ β · IF (pi) + γ · e
tpi

−tcurrent
τ (3)

where IF (pi) and tpi
denote the impact factor of the journal and the year

in which pi was published, respectively, tcurrent denotes the current year, and
α, β, γ, τ are tunable constants. Note that in Eq. (3) we set α + β + γ = 1.

Both PageRank and YetRank1-2, were finally executed on the citation graph
created for the mirPub papers2. The parameters of Eqs. (2) and (3) were tuned
as follows: first PageRank was executed on mirPub’s citation graph. Then, using
different configurations, YetRank1-2 were executed on the subgraph of publica-
tions which are older than five years. The values for which the two rankings had
the best spearman’s rho correlation [8] were finally selected.
2 MEDLINE’s eLink API was used to collect citations.
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3 Species Filter

Each miRNA official name has a prefix that encodes the organism in which it is
found. For instance, in “hsa-let-7a-5p”, “hsa” stands for “Homo sapiens”, which
means that the particular miRNA appears in humans. In the literature, the
prefix is often omitted, since the organism referenced is obvious from the text.

During publication search for a miRNA name, mirPub also takes into account
the name without the species prefix. Often, the majority of results relates to this
“partial” name only. For example, among the 2,277 publications related to the
name “cel-let-7”, 2,200 refer to “let-7”. A researcher looking for publications
related to C. elegans (cel) will still have difficulty in locating this information.
To address this issue, mirPub v2 provides an additional species filter. Its imple-
mentation was done following a two step approach:

– Species Synonym Expansion. In this step, a comprehensive set of syn-
onyms was created for each species name. Initially, synonym sets contained
only scientific names, given in binomial form. Such names are word pairs
denoting the genus and species (e.g., “Homo sapiens”). Then, each set was
expanded by adding an abbreviation of the scientific name (e.g. “Homo sapi-
ens” yields “H. sapiens”). Next, common names (like “human”) were identified
and their singular and plural forms were included to each set.

– Correlation Extraction. Publication abstracts were probed for each item in
the synonym sets. For each species a weighted count of the synonyms found
was produced, with greater weights assigned to scientific names and their
abbreviations. Then, species weights were calculated by dividing the weighted
counts by the abstract’s word length. Finally all results were normalised and
the scores were interpreted as likelihoods for a species to be examined in
a publication. Note that each abstract was correlated to all species whose
synonyms were found in it, regardless of their likelihood scores.

4 User Interface and Demonstration

Figure 1 presents a snapshot of the user interface of mirPub v2. In particular, the
publications related to the miRNA term “hsa-miR-594” are displayed. The user
can order the list either chronologically or based on one of the ranking methods
implemented, by selecting the corresponding option from the drop-down menu
located on the right of the search box. Furthermore, she can keep only those
publications that refer to a particular species of interest, simply by selecting the
appropriate option from the menu on the right of the results list.

MirPub v2 is freely available online3. During the demonstration session, we
are going to conduct queries using several miRNA names and exhibit (a) how
different ranking schemes affect the order of results, and (b) how the species
filter helps in narrowing down the search results.

3 http://mirpub.imis.athena-innovation.gr/projects/diana/index.php?r=mirpub.

http://mirpub.imis.athena-innovation.gr/projects/diana/index.php?r=mirpub
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Fig. 1. The result page of mirPub v2 for “hsa-miR-594” keyword.

5 Conclusion

In conclusion, mirPub v2 improves mirPub’s search engine in two aspects: (a) by
providing an insight about the importance of the presented publications, and
(b) by providing filtering based on the studied species of the publication.
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Abstract. A proposal for implementation of autonomous agent model in
scientific publishing is presented along with general description of the business
framework for its operations and ideas for underlying technological solutions.
Drawing on general ideas that have been put forth in other industries the pro-
posal deals with specifics of contemporary scientific publishing and pinpoints
the aspects that may be improved by application of autonomous agent model.
A proposal for the new approach to scientific publishing is based on available
technologies providing possibilities for new ownership model. Software that
owns itself and is an independent economic entity that runs operations of a
scientific publisher and hires necessary human workforce is technologically
viable. Some aspects of bitcoin and other concepts important for building the
system described in the proposal are explained. The proposal for this novel
approach to scientific publishing also deals with various economic and ethical
issues that may arise in its use.

Keywords: Autonomous agent � Bitcoin � Open access � Scientific publishing �
Tradenet

1 Introduction

Automation of intellectual jobs brought forth by the second machine age [1] changes
many industries including scientific publishing. Software that creates structured texts
not easily distinguished from those written by human authors [2] and new frontiers of
automation of text analysis highlight the changing role of publishing industry. The loss
of human jobs to machines in places where employees deal with structured data and
structured business situation [3] raise many questions about the essence of work,
leisure and human existence. On the other hand humans showed great resilience in
communication with machines [4] and it seems like a plausible statement that the future
of reading, writing and thus publishing will involve ever greater role for machines,
either in relation to those textual forms intended for machines such as
nano-publications [5] or mixed audiences such as fluid books [6], or in other roles
related to more traditional textual forms where machines can be a part of different
scenarios. This proposal will focus on one such new role for machines in publishing
industry – a role of autonomous agent or autonomous software economic entity owning
publishing business of its own.

© Springer International Publishing Switzerland 2015
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2 Autonomous Agent

The idea of the autonomous agent is fairly new and comes from the community
developing Bitcoin concept. Many basic ideas presented in this text come from Mike
Hearn or are articulated by him [7]. The basic idea behind the concept of the auton-
omous agent is that Bitcoin allows for economical autonomy of a machine – software
code. This possibility did not exist in the past since economic transaction of two parties
demanded an intermediary such as bank and these intermediaries did not want to work
with entities other than humans. Bitcoin allows for direct peer transactions and does not
recognize a difference between human or machine economic entity allowing for pos-
sibility of an autonomous agent in the first place.

Autonomous agent is therefore software that does not presuppose AI (Artificial
Intelligence) features, but clever programming and prediction of various scenarios in
which it can operate and achieve the programmed goals. Its main feature of economic
independence is intrinsic, but also preprogrammed. The main goal of its operation is
not to maximize profit for itself, but to achieve its operational goals in a sustainable
way with profit margins adjusted to allow for sustainability.

Autonomous agent conduct it economic transactions through Bitcoin network since
all other means of economic transactions available include intermediaries that exclude
software as legitimate economic entity [8]. In operations of an autonomous agent
Bitcoin can be approached as a currency in which direct payments can be made, but
also as a conduit that allow for exchange of goods and services attached to Bitcoin
software code in smart transaction involving smart products or smart services. Smart
transactions and smart products present novel concept related to Bitcoin that use its
features to allow for inclusion of agreement-like features to simple, peer financial
transactions. Smart products and services intrinsically have Bitcoin processing capa-
bilities allowing them to relate to an entity that owns them, further allowing a financial
transaction to be conditioned in time or by functions provided by one side [9]. These
guarantees a fair conduct for both sides involved in the transaction and is allowed for
by Bitcoin features that can make possible exchanges of ownership that relates to
exchange of currency occurring safely even in lightweight scenario of strangers’
exchange without intermediaries [10].

Autonomous agent needs a specific additional infrastructure to function properly.
Mike Hearn coined the name of this infrastructure as Tradenet. Tradenet is non existent
as of March 2015, but technical preconditions exist for its creation. The functionality it
should provide is a mix of a stock market and auction house. It provides framework in
which bids for offers are placed on commoditized goods and services and in which
providers of such goods and services can compete to sell their offerings. This allow for
mass participation of both bidders and service and good providers. Also this provide for
quick and smooth pairing of bidders and those making offers and conclusion of trans-
actions. The described functionalities are needed in markets where there is a huge
demand and supply and decision on commoditized goods and services exchange need to
happen rather quick. Tradenet is envisioned as a global infrastructure similar to email or
the web, serving multitude of markets globally with possibility of distinguishing spatial,
temporal and other more specialized and good/service related aspects of bids and offers.
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Autonomous agents conduct their operations through placing bids and/or making
offers through Tradenet. Out of many proposed bids the best bid according to pre-
programmed criteria of the entity making bidding wins and the transaction can be
concluded. The transaction can include direct transfer of Bitcoins as currency of
payment or be more complex and involve goods and/or services embedded within
Bitcoin code. In both cases the transaction can be a smart one and involve smart
goods/services meaning it is not just a simple currency exchange, but a contract
involving conditions for both sides.

So far autonomous agents have been envisioned as autonomous economic entities
capable of performing preprogrammed activities that does not involve the need for AI
and are therefore inferior to humans in non structured situations. The operations they
performed via Tradenet needs to be structured and involve structured – commoditized
goods/services such as taxi drives, commoditized goods delivery or processing time.

3 Scientific Journals and Autonomous Agents

The idea of implementation of the concept of autonomous agent in scientific publishing
does not aim for de-humanization of this industry or is it an attempt to totally quantify
scientific outputs in every discipline. It is foremost an attempt to provide an alternative
that deals in another way with issues of profit making, unfair access and work
incentives policies in scientific publishing.

The preprogrammed aim of autonomous agent in this role would be to cater for
sustainable publishing of the journal within predefined journal features. Some of them
can be expressed quantifiably such as number of issues published per year or number of
articles related to a certain topic. Other features are inherently qualitative such as
scientific quality of the text or the level of its innovativeness. In order to make the
concept of autonomous agent viable these features also need to be quantifiably
expressed. One way is to involve human evaluators and combine them with methods
already technologically available for automation of structure text production in sci-
entific communication [3]. Algorithms for cross checking of human evaluation results,
hiring of multiple human evaluators and most of all transparency of evaluation results
allowing for human evaluators to be hired again by a scientific journal owned and run
by autonomous agent will ensure human evaluators conformity to the task. Overall
process of choosing the best offer on Tradenet, either an article, or peer reviewer or
special issue editor, needs to retain enough human involvement in quantification
process to be viable, but at the same time provide protection for autonomous agent
against human misbehavior.

Commoditization of article slots in scientific journals and other elements involved
in publishing process needs to be done in such a fashion to ensure enough space for all
legitimate authors and a fair chance for publishing for all of them, involving thus
several types of scientific journals according to several criteria, one of which might be
how important the scientific contribution of the article is, the other may be the type of
article proposed (literary review, research findings and others) and third may be the
field of research. It is not possible to propose a comprehensive system for scientific
journal commoditization so our intention is to raise the issue and perhaps inspire a
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project proposal that may deal with this issue deeper. The main point of our analysis is
that for an independent agent model to be implemented in scientific publishing and
more precisely in operation of a scientific journal a certain level of commoditizing of all
elements that are involved in journal operation needs to be achieved prior to imple-
mentation phase.

4 Conclusions

The proposal for application of autonomous agent concept in scientific publishing
industries is a general one and needs more details in order to provide for operationally
viable model. The aim of this proposal is to highlight the new idea about the possibility
of economically autonomous machine that builds on Bitcoin transaction framework and
which can alleviate problems in those services and within those industries where high
profit margins create problems for users and other stakeholders. The proposal represent
a signal for discussion and project preparation for building basic infrastructure that may
allow for implementation of this concept and its application for greater general public
good in scientific publishing arena.
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Abstract. Datasets extracted from the microblogging service Twitter
are often generated using specific query terms or hashtags. We describe
how a dataset produced using the query term ‘syria’ can be increased in
size to include tweets on the topic of Syria that do not contain that query
term. We compare three methods for this task, using the top hashtags
from the set as search terms, using a hand selected set of hashtags as
search terms and using LDA topic modelling to cluster tweets and select-
ing appropriate clusters. We describe an evaluation method for accessing
the relevance and accuracy of the tweets returned.
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1 Introduction

This work compares three methods for extracting tweets to form a topic-specific
dataset from a Twitter archive. An evaluation method for assessing the relevance
of the set produced (to the topic specified) is described and results provided.

Many Twitter datasets are gathered for a particular need. The Twitter
streaming API allows the collection of Twitter data at the time it is produced.
This means that you need to know what you are looking for ahead of time. As
this is not always possible we describe methods for extracting data from a pre-
viously harvested Twitter dataset collected from the streaming API. We query
this data with specific search terms and then augment the extracted dataset
depending on the terms included in the original set. We describe and evaluate
three different methods for enriching this dataset, based upon commonly used
hashtags, hand selected hashtags and topic relevant tweets as identified by topic
modelling. Enriching a dataset brings about a requirement for testing the rele-
vance of this data to the original search parameters. We describe an evaluation
technique that can be used to determine the relevance of the data.

2 Background

Twitter provides a streaming API giving access to up to one percent of the data
as it is produced. Users can either take a random sample or query using search
c© Springer International Publishing Switzerland 2015
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words, phrases, hashtags, location bounding boxes or user IDs [4]. Previously it
was possible to freely share sets of tweets between researchers, but changes to
Twitter’s terms of service mean that this is now not possible [5]. Instead it is
possible to share the user id, tweet id and software for gathering those tweets
directly from Twitter. Sharing Twitter data sets allows collaborative research,
reproducibility of results and the use of Twitter as a research tool by non-
technical researchers. One of the specific aims of the TREC microblog task is to
encourage the re-use of Twitter data sets [4].

3 Methods

We did not know which search terms to query the Twitter API with ahead of
time. We therefore investigated the best way to extract a topic-specific data set
from a previously gathered Twitter archive provided by the ReDites research
group [3]. This study investigates the best methods for extracting data relating
to the conflict in Syria. Two events are studied and a week’s worth of data has
been selected associated with each of those events. In the first week, 1–8 March
2012 (2012 set), the UK embassy in Damascus was closed. In the second week, 29
August–4 September 2013 (2013 set), the UK Parliament voted not to authorise
military action over chemical weapons use in Syria. Data was taken from the
one percent stream limited to English tweets. We looked to select tweets that
discussed Syria and Syria specific events. Initially we gathered all tweets that
contained the term ‘syria’ in either upper or lower case, and we used this as
a base set from which we could expand. Methods for increasing the size of the
dataset are discussed below.

Method 1: Top Hashtags. From the tweets that contained the term ‘syria’
we extracted all of the hashtags. The top 40 hashtags from both time periods
were selected and normalised to give 34. The hashtag terms (hashtags with the
# removed) were used as search terms to gather more data. Not all tweets in
the set were about the Syrian conflict, for example, the hashtag #UK collected
tweets about various activities that were happening in the UK in the selected
weeks.

Method 2: Hand Selected Hashtags. In order to make the dataset more
focused on the Syrian conflict the hashtags about Syria were hand selected.
The amount of content on the conflict varies between the datasets with the
2013 dataset being larger. Therefore, all hashtags that had a frequency over
10 from the 2012 set (this gave 60 in total) and all hashtags that occurred
with a frequency above 20 in the 2013 set (giving 148 in total) were selected.
Each hashtag was annotated by two human coders as either directly relating to
the Syrian conflict or not. This included all locations, people and institutions
from Syria or formed to deal with Syria or anything with any of those items
incorporated into a compound term, for example ‘norway4syria’. The human
coders were in perfect agreement (Kappa 1.0) on which tags were related giving
32 which were used as search terms to gather more data.
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Method 3: Topic Modelling. The clustering method used in this work is
Latent Dirichlet Allocation (LDA) topic modelling [1]. It is used to identify pat-
terns in text and thereby derive topics. A topic is formed from words that often
co-occur, the words that co-occur more frequently across multiple documents are
most likely to belong to the same topic. LDA provides a score for each document
for each topic. We assign the document to the topic for which it has the highest
score. This approach was implemented using the Mallet tool-kit [2]. The system
provides a list of top words in each topic. The topics that were classed as relevant
for this task were those which have ‘syria’ as one of these most frequent terms.
Any tweets that were allocated one of these topics were classed as relevant. In
this case the number of clusters generated was set to 15.

Table 1. Total number of tweets returned as relevant per set (size) and the percentages
of tweets that were annotated as relevant per set per annotator (1 and 2) and inter-
annotator agreement (Kappa)

Dataset 2012 2013

Size 1 2 Kappa Size 1 2 Kappa

Full set 9988193 11272991

Top hashtags 25753 9 8 0.936 231724 14 17 0.886

Hand selected hashtags 2555 95 91 0.695 23838 100 100 1.00

Topic modelling 2292 92 89 0.826 60613 61 57 0.876

4 Results and Discussion

The results are presented in terms of percentage of those that are relevant to the
topic, and the F-score. The percentage that are relevant give an overview of the
likely pollution of the dataset and the F-score gives an indication of accuracy
for each method.

Relevance. The percentage of tweets that are relevant was calculated through
a manual evaluation. There were 6 datasets: one for each of the 3 methods for
each time period. For each set 100 tweets were randomly selected for manual
examination. Each tweet was coded as relevant or irrelevant to the conflict in
Syrian by two annotators. As can be seen in Table 1, inter-annotator agreement
scores for this task show that in general there was high agreement. We can see in
Table 2 the relevance of tweets extracted to the topic. The top hashtags approach
gives very low relevance results. Therefore, while this approach gave a large data
set it was not relevant to the topic. The hand selected hashtags method gives
high relevance scores. Therefore, while the sets are fairly small in comparison
with the other approaches they are relevant to the topic. The topic modelling
approach provides a high level of relevance for the smaller 2012 set but lower
scores and less relevant results for the larger 2013 set.
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Table 2. Accuracy as shown by Precision, Recall and F-scores per set

2012 Precision Recall F-score

Hand selected hashtags 0.92 0.98 0.95

Topic modelling 0.76 0.80 0.78

2013

Hand selected hashtags 0.95 0.66 0.78

Topic modelling 0.60 0.90 0.72

Accuracy. An F-score was calculated by comparing the automatically gener-
ated results against a gold standard set. The tweets used to create the gold
standard were extracted from the top hashtag set. This gave a set with a higher
number of relevant tweets and, therefore, made the accuracy evaluation task diffi-
cult and the results more robust. We randomly chose 1000 tweets from each time
period which were then annotated as relevant or not. The highest F-score was
for the hand selected approach for 2012 set as seen in Table 2. Both approaches
showed a drop in F-score for the larger 2013 set. This drop in accuracy was
smaller for the topic modelling than the hand selected hashtag approach. This
was because while the precision score of the hand selected approach increased
for the 2013 set the recall score decreased. The hand selected approach did select
appropriate tweets but it also missed many, providing a relevant but small set.
The opposite happens for the topic modelling approach. Overall, the F-scores
for both datasets are lower but there was a lower drop in accuracy between the
two sets. As a drop precision is balanced by a rise in the recall. Therefore while
the topic modelling approach selected a larger set it was less relevant.
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