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ABSTRACT
Bibliographies are fundamental components of academic papers and both the scientific research and its evaluation are
fundamentally organized around the correct examination and
classification of scientific bibliographies. Currently, most
digital libraries publish bibliographic information about their
content for free, and many include the citations (outgoing
and in some cases even incoming) to the papers they manage. Unfortunately no sophistication is spent for these lists:
monolithic pieces of text where it is even difficult to tell
automatically the authors, the title and publication details,
and where users are provided with no mechanisms to filter
and access full context of each citation. For instance, there
is no way to know in which sentence a work was cited (the
citation context) and why (the citation function).
In this paper we introduce a novel environment for navigating, filtering and making sense of citations. The interface,
called BEX, exploits data freely available in a Link Open
Dataset about scholarly papers; end-user testing proved its
efficacy and usability.

Categories and Subject Descriptors
H.5.2 [Information Systems]: Information Interfaces and
Presentations—User Interfaces (D.2.2, H.1.2, I.3.6)
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1.

INTRODUCTION

Bibliographies are the most distinguishable peculiarity of
the scientific communication. Researchers as a habit situate their work within a community of like-minded colleagues
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whose contribution is revered, appreciated, criticized, or possibly even ridiculed, but in any case explicitly acknowledged
and mentioned, and the accuracy and completeness of such
mentions constitute a substantial means to evaluate the soundness and acceptability of the scientific communication itself.
In fact, researchers spend a lot of time exploring bibliographies: when approaching new research areas, when reviewing papers, when writing papers, they use bibliographies for
exploring a discipline and for building the network of semantic connections of its topics. It is not a case that digital
libraries of scholarly papers - such as ACM DL, IEEE Xplore
DL, etc. - show bibliographic references and incoming citations in separate lists that can be freely examined often even
when the full text of the paper is not publicly available.
Yet, digital libraries publish bibliographies as monolithic
units that cannot be easily processed as separate and autonomous items. Consider, for instance, the frequent task
of checking the freshness of references of an academic paper: there is no better way to do this than inspecting each
reference and manually filtering outdated ones. Similarly,
counting self-citations requires users to manually inspect the
references and item by item compare the authors to those
of the one providing the bibliography. While these tasks are
not a big deal for a single paper, they become fairly timeconsuming and difficult when dealing with a big number of
papers, such as when dealing with the full set of submissions
to a conference or a special issue of a journal. An aggravating
factor is that these checks and evaluate tasks often have to
be completed under some serious pressure: who cannot confess of having written a review right before the (extended)
deadline? Or having made the initial selection of accepted
papers for a conference just a few hours before delivering the
acceptance letter? Or even arranged a related works section
in short time?
In this paper we discuss how to support researchers and
academics in these daily tasks, making it easy to access data
in bibliographies that otherwise are hard to find, inspect and
filter. We break the problem in two parts.
• Rich data: on the one hand, we need to identify and
classify bibliographics so that rich data can be published about papers (e.g. author list, publication year,
venue, etc.) and citation networks, both incoming and
outgoing references.

In particular, in the last few years we witnessed an ever
increasing interest in making bibliographic data available as Linked Open Data (LOD): DBLP++1 , JISC
OpenCitation corpus (OCC) [20] and Nature Publishing Group Linked Data Platform (NPG LDP)2 are just
some representative examples of such effort. Unfortunately, although a lot of information is available in
these datasets, the landscape is still fragmented and a
lot of useful data are still missing or unevenly provided
by publishers.
For instance, none of the datasets we are aware of contains information about the citation contexts - defined
in [16] as “the sentences of the original papers where a
particular work was cited” - or the citation functions,
defined in [22] as “the reasons why papers are cited”.
Having such data can be very helpful to understand
the nature of citations and to give them more or less
importance.
• Intuitive interfaces allowing users to read and make
sense of the bibliographic data - for instance, to filter
data, to navigate paper collections, to explore citations, along with their functions and contexts, in an
easy and intuitive way.
This work builds upon a framework for extracting and
describing rich data about bibliographies presented in previous works and focuses on the second aspect, introducing
a novel environment for accessing rich data about citations.
To do so, we briefly present the Semantic Lancet Triplestore,
a LOD dataset used as backend for BEX.
The structure of the paper is as follows. Section 2 describes some related works; some issues in daily tasks on citations, along with possible improvements, are investigated
in Section 3; Section 4 gives some background on the Semantic Lancet Triplestore; BEX is fully describe in Section 5; the
evaluation of the current prototype is presented in Section 6
before concluding the paper.

2.

RELATED WORKS

A large variety of systems support the exploration of scholarly data, some of them providing an interface to a specific
repository of bibliographic information, others integrating
multiple data sources to provide access to a richer set of
data and navigation functionalities. The most famous academic search engine is probably Google Scholar3 , which provides search and citation services, supporting access to the
scholarly literature. DBLP4 is another well-known computer
science bibliography portal. CiteSeerX5 focuses instead on
large-scale integration and indexing of research papers, and
includes mechanisms for suggesting relevant papers. These
systems mainly focus on providing a good interface for publication search and are not designed to support sensemaking
tasks in the academic domain.
On the contrary, Microsoft Academic Search6 provides
a variety of visualizations, including co-authorship graphs,
1
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publication trends, and co-authorship paths between authors. In a similar way Arnetminer7 also offers different
visualizations and provides support for expert search and
trend analysis. [10] is another visual analytics tool that provides multiple coordinated views in order to reveal trends,
support the investigation of connections, and describe activities throughout conference communities.
BiblioViz [18] is based on the principle of minimal visual
representation, and provides a compact, comprehensive and
extensible system for visualizing bibliography information
based on two techiniques: a bidimensional tabular view, and
a tridimensional network representation. Action Science Explorer [4] is another interesting example of visual analytic
tool that leverages statistics, citation text extraction, natural language summarization, advanced filtering capabilities
and network visualization to see citation patterns and identify clusters.

3.

RESEARCH-RELATED TASKS ON
BIBLIOGRAPHIES

Several experimental studies have confirmed their importance of bibliographies for the research community. Just to
name a few: [13] surveyed more than two thousand American researchers working on natural science, engineering and
medical science and showed that their primary search tools
are citation databases, followed by general search engines;
[12] showed similar results by interviewing social science faculty members in Taiwan.
The community has also investigated how citations and
papers are read, and how they are actually exploited for
research-related tasks. [2] surveyed thousands of faculty
members for a long period (28 years, since 1977 to 2005).
The results were very interesting: the number of papers being read is constantly increasing but people tend to cite a
limited set of papers. One of the reasons is that they rely
more on searching than on browsing and give priority to
those papers highly ranked in digital libraries. The same
paradox was noticed by [5]: ranking papers by their incoming citations made researchers cite the same papers that
others have cited, thus narrowing the overall citation patterns. The research also showed how the amount of time
spent for reading each paper is ever decreasing. This is also
connected to the large number of digital publications available today: the overall time for reading increases but people
have to deal with a huge amount of information and cannot
help reading them rapidly [7].
In this section we focus on some of these tasks, in particular to those that researchers perform on bibliographies.
This set of tasks is the results of an analysis based on the
experience of our research group and some discussions with
colleagues of our department. We organized our discussion around the roles played by a researcher and the tasks
performed for each role. The researcher is first of all a
reader, who reads articles and navigate them through citations. The process of finding relevant works is very common
when writing new papers and project proposals: indeed, a
researcher is also an author. The research community also
relies on peer-review processes, which require researchers to
also act as reviewers or editors. When reviewing papers, a
researcher uses citations and checks, for instance, the number of self-citations or the publication year of cited papers.
7
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Table 1: Common tasks on bibliographies, for different classes of users.
No.

Role

1

reader/author

2

reviewer

3

reviewer, editor

4

5

6

7

reviewer, editor

evaluator

evaluator

event organizer

Goal/Task
Goal (G1) : build/update a bibliography [of recent papers] on a given topic
• T1a: find authoritative papers on a given topic
• T1b: find recent papers on a given topic
• T1c: navigate citation networks to find other interesting/relevant papers
Goal (G2) : evaluate if a paper is up-to-date
• T2a: check the publication year of the cited papers
• T2b: check if relevant papers are missing in the bibliography
Goal (G3): evaluate how much a work is self-referential
• T3: count self-citations
Goal (G4): evaluate if a paper fits the scope of a journal/conference
• T4a: read the abstract; if possible, the whole paper
• T4b: check the bibliography and search cited papers published in the same venue
• T4c: check the relevance of the other cited papers (published in other venues)
Goal (G5): evaluate the impact of a paper
• T5a: check how many times a paper is cited
• T5b: how citations have evolved
• T5c: check why a paper is cited
Goal (G6): evaluate the impact of a researcher
• T6a: check how many times the work of a candidate is cited
• T6b: check how citations have evolved
• T6c: check why a candidate is cited
Goal (G7): find potential participants
• T7a: find papers about topics relevant to the event
• T7b: check authors of relevant papers

Citations are also increasingly used for evaluation purposes.
Researchers are then asked to be part of academic boards in
charge of evaluating research products. Our analysis covers
such a scenario with a specific role: evaluator. Researchers
are involved in organizing scientific events, thus we added
the role of event organizer. Note that there are many other
tasks characterizing each of these roles but they are left out
of discussion, since they are not specific on bibliographies.
Table 1 summarises our analysis. The discussion uses the
well-known terminology of [8]: the term goal is used to indicate a final objective a user wishes to achieve, a task is
a sequence of one or more activities the user thinks are required to achieve a goal. Each task is specific of a peculiar
user role. Note also that we did not decompose each task in
hierarchical subtasks, for the sake of simplicity.
The first goal (G1) consists in building or updating a bibliography on a given topic. A common approach is to use
keyword-based search tools, scan the list of returned papers
and filter potentially relevant ones (T1a, T1b). Researchers
might read abstracts to have a clearer idea of each paper.
Further candidates are often searched by analysing citation
networks (T1c), as shown by several experimental studies
[12] [23]: starting from a list of relevant papers, incoming
and outgoing citations are scanned and, in turn, new candidates are analysed and, if relevant, added to the list. The
criteria used to discern among papers may vary a lot: considering the total number of citations may be a suitable indicator to identify seminal papers, whereas it may fail when
searching for recent developments or cutting edge works. In
the second case, other criteria such as the publication date
are more convenient. In all cases, the researchers have to

inspect the list of citations and to manually find relevant
information.
The second group of tasks are performed by researchers
as reviewers. To evaluate if a paper is up-to-date (G2),
they inspect the bibliography and look at the publication
year of each item (T2a). Furthermore they check if any
relevant recent paper is not cited (T2b). These operations
are still manual. One of the reasons is that, in almost all
cases, papers under revision are PDFs and the bibliographic
references cannot be processed as separate units.
The same applies to following two tasks. The first one
covers the analysis of self-citations in order to understand
how much a work is self referential (G3): in fact, the reviewers/editors check how many cited papers are written by the
same authors, or some of them (T3). The editors/reviewers might also want to check the number of papers cited by
a paper submitted to a journal and published in the same
journal (T4b). That might be an indicator of the suitability
of that paper for that journal (G4).
The evaluation of research works (G5) and researchers
(G6) is often performed by counting the incoming citations
to each research work and by aggregating them for further
analysis. Thus, evaluators need to easily access information
about the number of times each paper is cited (T5a). It is
also interesting to know how citations are distributed over
time (T5b). Tasks 5 and 6 are widely supported today. One
aspect that is still under-estimated is the nature of the citations. In fact, not all citations are equal: some are given just
for information, some as necessary background, some refers
to a work the citing paper is an extension of. It would be
useful to store and be able to analyse citations together with

the sentence to which they belong to (citation context), or
together with information about the reason why a paper is
cited (citation function, T5c). A time perspective is helpful
here. For instance, we can expect that an important work is
referenced for information or used as background for many
years, but if it keep being extended, or some methods therein
contained are used for a long time, it means it still plays an
active and important role.
There is a further common task that researchers perform
by exploring papers and citations: finding experts in a given
topic or simply people who are interested in that topic (T7a,
T7b). These people usually are searched among the authors
of relevant papers — that, as discussed so far, are found
by exploiting citations too. Such expert finding task might
be useful, for instance, when searching for potential participants to a scientific events (G7).

3.1

Performing tasks with existing tools

These tasks are successfully performed today by accessing digital libraries and databases of bibliographic records.
Nonetheless searching the relevant information for a given
task is not always simple and direct. The problem can
be studied from two orthogonal perspectives: availability of
data and interface.
First of all, it depends on the way data are structured and
made available. In fact, most of the existing repositories
do not offer APIs to access data (e.g. Google Scholar) or
offer partial APIs that do not cover all needed information
(e.g. ScienceDirect and Scopus). Consider, for instance, the
case of citation contexts and functions. Such data would be
valuable tools to better characterize citations and to assess
their impact. Though, none of the platforms we are aware
of make these data available.
Even if some information is stored in the repositories, it
is not directly processable by the users. Let us consider the
list of bibliographic references. These lists are often made
available as separate content from the full-text of the papers,
for instance in ACM or IEEE Xplore DLs (where they can
be freely accessed even if the PDF is subject to payment); on
the other hand, they are treated as ‘monolithic’ units: the
users can export citations and navigate to the cited/citing
papers but they are not allowed to show only some references
or to quickly access some information. If a researcher wants
to read the abstract and the bibliography of a cited paper,
for instance, he/she has to open it a separate tab and to
interrupt the navigation. Similarly, there is no way to filter
items in bibliographies automatically.
Some filtering capabilities on bibliographies are actually
already available to the users. For instance, Elsevier’s Scopus allows users to order the lists of references and to apply
various filters. Such ordering options, on the other hand,
are available only on lists of papers returned by a search
(for instance, papers on a given topic, or written by a given
author, etc.) or lists of papers citing a given one. It is not
possible to work on the whole bibliography of a paper or to
keep filters active while surfing bibliographies.
In the next sections we present a novel interface, called
BEX, that makes all these actions straightforward and that
helps researchers in completing most of the tasks discussed
so far. To do so, we also need to introduce the Semantic
Lancet Triplestore, a rich knowledge-base on scholarly papers and citations that is used as backend for BEX.

4.

EXTRACTING AND MODELLING CITATIONS: SPAR AND SEMANTIC LANCET

In the last few years, different research groups in both
academia and industry have started to work for pushing the
research communication and the scholarly publishing to the
next step of evolution of the whole publishing domain, characterised by the Semantic Publishing movement. Basically
speaking, Semantic Publishing stands for the use of Web
and Semantic Web technologies to enhance a published document such as a journal article so as to enable the definition
of formal representations of its meaning, facilitate its automatic discovery, enable its linking to semantically related
articles, provide access to data within the article in actionable form, and allow integration of data between papers [14].
Along the lines of the Semantic Publishing movement and
guidelines, we have started the Semantic Lancet Project
(http://www.semanticlancet.eu), which is focused on building a Linked Open Dataset of scholarly publications. The
aim of the project is twofold. On the one hand, we have
developed a series of scripts that allow us to produce proper
RDF data compliant with the Semantic Publishing and Referencing (SPAR) Ontologies (http://www.sparontologies.net)
[14], which are a suite of orthogonal and complementary ontology modules for creating comprehensive machine-readable
RDF metadata for all aspects of publishing domain. On the
other hand, we have made publicly-available the Semantic
Lancet Triplestore (SLT), i.e., a freely available LOD dataset
that includes rich data about scholarly papers, that range
from a large network of citations (that also includes citation
contexts and functions) to semantically-enriched abstracts,
from provenance data to time-aware descriptions of the scientific production. Currently the STL contains data about
all papers in the Web Semantics journal published by Elsevier, but our plan is to extend it incrementally.
The SPAR Ontologies that are used in the SLT for describing the particular aspects of interest for this paper (i.e.,
citations and abstracts of papers) are the following:
1. the Citation Typing Ontology (CiTO)8 is an ontology
that enables the characterisation of the nature or type
of citations, both factually and rhetorically;
2. the Citation Counting and Context Characterisation
Ontology (C4O)9 is an ontology that permits the number of in-text citations of a cited source to be recorded,
along with the number of citations a cited entity has
received globally on a particular date;
3. the Document Components Ontology (DoCO)10 is an
ontology that provides a structured vocabulary of document components, both structural (e.g., block, inline, paragraph, section, chapter) and rhetorical (e.g.,
abstract, introduction, discussion, acknowledgements,
reference list, figure, appendix), enabling these components, and documents composed of them, to be described in RDF.
As shown in Fig. 1, several entities defined in the aforementioned ontologies have been used in the SLT for modelling citations and abstracts of papers in a semantic fashion.
8
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In particular, they allow us to describe four different kinds
of objects that are relevant for this work:
• in-text reference pointer, i.e., the entity present in the
body text (e.g., “[5]”) of a citing work that denotes a
particular bibliographic reference in the reference list
or a footnote. In scientific literature, this in-text reference pointer can be presented in different forms;
• citation context, i.e., the textual content of that component of the published paper (i.e., the sentence) within
which an in-text reference pointer appears, which provides the rhetorical rationale for the existence of that
citation;
• citation function, i.e., the author’s reason for citing
a given paper, that can be either factual (e.g., if the
author of the citing entity describes work that uses a
method detailed in the cited entity) or rhetorical (e.g.,
if the author of the citing entity agrees with statements
or ideas presented in the cited entity);
• abstract, i.e., the text of papers abstract and its representation in RDF according to ontology design patterns and linguistic frames.

As example, the RDF representation (in Turtle) of the
abstract of a paper included in the SLT and of one of its
citation (including its function) is available on-line11 .
The semantic characterisation of abstracts and the specification of citation functions are created automatically starting from the actual content of the paper in consideration.
The semantic abstracts are generated by a module of the
Semantic Lancet Project developed for this purpose. In
particular it relies on FRED12 [15], which is a tool that
implements deep machine reading methods based on Discourse Representation Theory, Linguistic Frames, and Ontology Design Patterns, for deriving a logical representation
(expressed as OWL) of natural language sentences. The
output of this module is then used by the Abstract Finder
(http://www.semanticlancet.eu/abstractfinder), which
is a service for searching relevant papers according to their
textual and semantic abstracts, by exploiting the semantic
information about concepts, events, roles and named entities
included in the semantic abstract.
The citation functions are extracted by another module
that allows one to capture them by means of CiTalO [3].
CiTalO is a chain of tools for identifying automatically the
nature of citations according to CiTO, in a way that is comparable with humans. A run of this module queries the SLT
by finding all the in-text reference pointers (and the related
citation sentences) and links them to their related citation
functions as returned by CiTalO. The output of this module
together with the Abstract Finder service are used by BEX
for supporting the navigation of the SLT.

5.

EXPLORING SEMANTIC LANCET DATA
ON CITATIONS: BEX

The Bibliography EXplorer (BEX)13 is an interactive webbased tool aimed at supporting the analysis, exploration and
sense-making process of papers and citations available in
the Semantic Lancet Triplestore. The BEX design and the
consequent user interaction are driven by Shneiderman’s Information Seeking Mantra [19]: “Overview first, zoom and
filter, then details-on-demand”.
The navigation starts with two search functionalities: besides searching a title, the user can also search relevant papers according to their content. This search is performed by
calling the Abstract Finder service14 described above. Other
services, for instance based on full-text search or other mining techniques, can be integrated with a few modifications
to BEX. Thus, through BEX a researcher can write in the
search box a tentative abstract for her/his paper to retrieve
meaningful papers that match with it from a pure textual
but also semantic point of view. Fig. 2 shows the main interface of BEX and the output of a search.
Search results are organized as a list of papers, ordered by
default from the most recent to the oldest one. Through the
sorting box at the top of the interface, the user can easily define custom criterion to order the results (i.e. year, number
of citations) and the order type (i.e. ascending or descending). For each returned paper, BEX shows a summary of
basic information (e.g. title, publication year, author list,
Figure 1: The Graffoo diagram [6] of the ontological entities used in the SLT for describing citation
functions, in-text reference pointers and papers abstract.
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Figure 2: The main interface of BEX and the list of papers returned by a search. Abstracts and data on
citations can be collapsed/expanded on the user’s demand.
etc.) and a link to the paper official page on Elsevier’s ScienceDirect.
In order to gather more information about a paper in the
list, the user can open a sliding box showing the full abstract
and data about citations, organized in two separate sections:
outgoing and incoming.
By clicking on the “Show Items” button, the user can get
access to the information about the outgoing citations, as
shown in the central part of Fig. 2. BEX organizes the cited
papers in a vertical list, and for each paper it shows, from
left to right, the following information: the number of times
in which the paper is referenced by the paper under examination, some general information about the paper, and a
piechart summarizing the number and type of citations received from the focus paper. Moreover, abstract and citation
contexts are shown in popups windows.
In the incoming citation section, two counters show the
number of global and internal citations received by the paper under examination. The term ’global’ here indicates citations for a paper as counted by external services (Scopus);
the term ’internal’ indicates the citations given by papers
described in our dataset (published in the Journal of Web
Semantics).
Further details about the citation functions of incoming
internal citations are available. This information is pre-

sented in a popup window organized in three parts: a pie
chart gives an overview of the number and type of incoming
citations (top left), a column chart shows the distribution of
the citation functions on a time axis (top right), and details
about the citation contexts are presented in the bottom. In
the two charts at the top of the page, different colors are
used to encode the function of each single citation, and citations with the same function are grouped together. Finally,
the last component shows, for each paper citing the paper
under focus, the list of the citation contexts.

6.

EVALUATION

We performed an experimental evaluation in order to assess the efficacy and users’ satisfaction in using BEX for
research tasks. The tests involved 19 users, with different
background and skills.
The testers were asked to use the system15 to complete
four assignments and to fill some questionnaires about their
experience. The real test was preceded by a warm-up task,
in which the testers were asked to read a short-guide about
BEX and to explore it. They were given exactly 5 minutes
to become confident with the system.
15

Testers were asked to only use BEX, without any other
external tool.

The test included four assignments, each mapped to one
of the goals discussed in Section 3 and summarized below:
A1. Build a bibliography of recent papers on a given
topic (Goal G1) : the testers were asked to find the
most cited and the most recent paper about a given
topic, together with a list of five papers citing/cited by
those two and relevant to the same topic. We expected
users to search papers by abstract similarity and to
read their bibliographic information (title, publication
year and abstract) to complete the assignment.
A2. Check if a paper is up-to-date (G2): the testers
were given the title of a paper and were asked to indicate how many of the papers cited by that one have
been published since a given date. The assignment
could be then completed by searching the paper in
BEX and inspecting its bibliography. As discussed in
Section 3, such a task is very common when reviewing papers. On the other hand, papers are usually
submitted as PDF and BEX cannot be used directly.
This is not an issue for the purpose of our test, since
we aimed at evaluating the interface only. We used
one random paper, already loaded in the dataset. The
issue is anyway very interesting and challenging. It
could be addressed by implementing automatic processes that extract relevant information on-the-fly and
produce a set of (semantic) data to be shown in BEX.
We are investigating the integration of existing services
like PDFX16 towards this goal. Note also that these
observations are valid for the next assignment as well.
A3. Evaluate how much a work is self-referential
(G3): given the title of a paper, the testers were asked
to indicate how many self-citations it contains and how
many times it was cited by papers written by the same
authors (or some of them). Even this assignment can
be completed by searching the paper by title and inspecting both the bibliography and the list of papers
citing it or using filters.
A4. Evaluate the impact of a paper (G5): the testers
were asked to indicate how many times a paper with
a given title was cited and for which reasons (in some
specific years and overall). The citation counters and
functions provided by BEX were expected to help users
to complete this assignment.
Note that we have not included any assignment for goal
G4 (evaluate if a paper fits the scope of a journal) since SLT
only contains the papers published in one single journal at
this stage. We also decided to exclude goals G5 and G6 for
this test session. The reason was that the corresponding
assignment would be too long, requiring users to iterate the
same operations on all papers written by a given author,
and we wanted to reduce the effort and time required to
the testers. The current implementation of BEX, in fact,
is mainly focused on the exploration of papers instead of
authors. That exploration is anyway very interesting and
one of future directions of our research.
Note also that the assignments here are numbered and
presented in the same order of their corresponding goals.
They were actually given in a different order (by increasing
16
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difficulty and duration) but this does not affect the final
result.
We also asked testers to indicate which features of BEX
they used to complete each assignment, by filling a list of
options shown at the end of each assignment – equal for
all assignments, thus containing even non-required features,
with no suggestion to the testers. The answers to these
questions gave us very interesting indications about the use
of the interface. These results will be discussed at the end of
the section, after investigating BEX efficacy and usability.

6.1

Efficacy

We first studied if testers could complete the assignments
with BEX, by manually comparing the answers given by
each tester to the expected answers. Though some participants failed to complete some assignments, the overall
efficacy was high. Results are summarized in Table 2.
Table 2: Testing efficacy on all four assignments.
The values for assignment A1 are partial since there
was no fixed expected output (open assignment).
Assign. Success

Partial

No answer

A1

75,33% *

9,00% *

15,67%

A2

79,00%

21,00%

0,00%

A3

84,50%

10,50%

5,00%

A4

80,67%

12,33%

7,00%

The efficacy on assignment A2 (check if a paper is upto-date) was lower than we expected. Some users, in fact,
listed all papers in bibliography without taking into account
their publication year. Only one tester listed one single paper, probably due to a wrong interpretation of the question.
Nonetheless, no one complained that the available information was not enough to complete the assignment.
The efficacy on assignment A3 (check if a work is selfreferential) was very high. Though not shown in the table,
in fact, all users apart from one identified correctly the number of self-citations given by the input paper. The testers
confirmed that the presence of visual hints and clear information about self-citations was very helpful to complete the
task. The overall score decreases to 84.50% since some users
failed in identifying self-citing papers among those citing the
input one. Since 4 testers over 19 gave the same value, lower
than the expected one, we believe that the testers did not
wait for having the full list of citing papers or received only a
partial list from the server. A clearer hint about the loading
process and some more control is then needed, as discussed
in the next section.
The efficacy on assignment A4 (evaluate the impact of
a paper) is worth discussing in detail. The overall score
is quite high (80.67%). Nonetheless some testers misinterpreted the question about the overall number of citations
and used different counters to answers: some reported the
number of global citations, others the number of internal citations. Only 13 testers over 19, in fact, answered correctly.
This affected the overall efficacy for this assignment. Considering only the questions about citation functions, in fact,
the success is higher than 90%.
We discuss A1 at the end since it is the most critical one.
The efficacy was acceptable, though not very high. One user

experienced some problems in completing the assignment,
due to technical problems in loading the content. Apart
from that, all others were able to find the most cited and
the most recent papers. Limiting to these two questions, in
fact, the efficacy score is 90%. Nonetheless, 8 users had some
difficulties in searching relevant papers on a given topic and
navigating the large amount of information available in the
platform. In the next section we will discuss these usability
issues in more detail.

6.2

Usability

After the completion of all assignments, the testers were
asked to fill two questionnaires. The first one was a System
Usability Scale (SUS) [1], a well-known questionnaire used
for the perception of the usability of a system. It has the
advantage of being technology independent and it is reliable
even with a very small sample size [17]. The mean SUS
score was 64.5 (in a 0 to 100 range). The value shows how
the users’ satisfaction was quite high though there are still
some open issues as discussed in the rest of this section.
In addition to the main SUS scale, we also examined the
sub-scales of pure Usability and pure Learnability [11]. They
gave us a more precise characterization of the users’ feedback. The mean values for Usability was 62.5 and Learnability was 72.4. This means that the system was perceived
as easy to learn but some of its functionalities were not completely clear and users experiences some difficulties in completing the tasks.
In order to go deeper, we also included four open questions
in the test:
• What were the most useful features of BEX to help
you realise your assignments?
• What were the main weaknesses that BEX exhibited
in supporting your assignments?
• Would you suggest to modify any part of BEX?
• Can you think of any additional features that would
have helped you to accomplish your assignments?
We subjected the text answers to a qualitative analysis
based on grounded theory methods. Grounded theory [21]
is a method often used in social science to extract relevant
concepts from unstructured corpora of natural language resources. In opposition to traditional methods aiming at fitting (and sometimes forcing) the content of the resources
into a predefined model, grounded theory aims at having
the underlying model emerge “naturally” from the systematic collection by rephrasing, reorganising and interpretating
the actual sentences and terms of the resources. We thus believe it is a reasonable tool to examine our questionnaires in
order to let important concepts emerge from the text.
We proceeded first with open coding, with the purpose of
extracting actual relevant sentences – called codes – from
the texts, and subsequently performed the so-called axial
coding, which is the rephrasing of the original codes so as to
have semantic connections emerge from them and generate
concepts. We finally analysed the respective frequency of
each emerged concept (defined as the number of codes which
contributed to the concept’s existence) so as to consider the
most important issues arising from the answers. Figure 3
shows the codes that were mentioned by the users.

Figure 3: The codes mentioned by at least two users,
ordered by their frequency and grouped in positive
and negative codes. Negative codes also include suggestions for possible improvements.

We characterized codes as ’positive’ (highlighting strengths
and functionalities appreciated by the users) and ’negative’
(highlighting current limitations and possible improvements).
The overall impression of the testers is encouraging, as
shown by the distribution of positive/negative codes.
Some other interesting observations can be distilled from
our analysis:
• Clean GUI with several functions. Several users
appreciated the interface and the set of functionalities made available. In fact they classified as ’useful’
most of the features: self-explaining icons (in particular, those on self-citations), citation counters and lists
of citations, filters and search options, etc.. The presence of citation contexts and functions was also identified as a key and innovative contribution.
• Information not easy to find. The great amount of
data and functionalities, on the other hand, confused
some testers. Some of them complained that they had
to do a lot of actions in order to get the information
they were looking for. The fact that some boxes are
collapsed by default (so that users have to manually
open them) and some content is shown with a large
font (and users have to scroll down and risk to get
lost) was perceived as a strong limitation.
• Limited navigation. One of the most critical issues
was the fact that tabs are disabled, so that users are
not allowed to open multiple views and to freely surf
the knowledge-base. The fact that details of the papers
citing a given one are shown in a fixed modal window
(that cannot be moved and resized, and requires users
to scroll) was also criticized. Overall, the navigation
was considered too basic by some users. The possibility
of bookmarking papers and surfing the history were
also suggested as possible improvements. This also

Figure 4: The features of BEX used by the testers to accomplish the assignments.
tell us that the breadcrumb is not evident and should
be made available during all navigation phases.
• Improve search and filters. Search capabilities
were largely used during the test sessions. Nonetheless several users confirmed that the search mask needs
to be extended (as a matter of fact we have already
implemented further search options, not available at
the time of the test). The suggestion is to include a
faceted search, as already available in most of the existing digital libraries. Filters were also well appreciated
and users suggested to extend them to also work on
the list of papers citing a given one, the list of papers
returned by a search or written by a given author.
• Add export functionalities. An interesting extension – that we admittedly had not taken into consideration – is to give users the possibility of exporting
information about citations. Not only the lists of papers (both citing and cited by a given one) but also
the citation functions and contexts. The idea is to
process such information separately and to integrate it
with other sources of data. The availability of a public
SPARQL end-point for Semantic Lancet LOD, though
not visible and relevant for the test, goes exactly in
that direction.
• Server/performance issues. During some tests the
system was particularly slow in loading content, making some tasks very difficult – and in a few cases impossible – to complete. It was due to some technical
problems on the SPARQL end-point, since the current
installation is not optimized to handle a large volume
of requests (indeed we are migrating to a different platform).

6.3

Use of BEX features

The participants were also asked to indicate which features of BEX they used to complete the test. Fig. 4 summarizes their answers, indicating how many testers used
each feature for each assignment. For each assignment we
also indicate, in the third column, which features we expected testers to use. Note that some of these features were
strictly required to complete the assignment (for instance,
the “search by title” for assignment A2) while others were

optional (for instance, the in-line guide might be helpful but
the assignment could be completed without accessing it).
It is interesting to notice that the behaviour of the testers
was not uniform. Let us consider for instance the assignment A2: although all users started searching by title, some
of them exploited only the information provided by icons and
tooltips, while a few others activated filters. Furthermore,
it is interesting to investigate the cases in which testers did
not behave as we expected. In the assignment A3, for example, all users searched the paper and most of them looked at
the self-citation icon to recognize those written by the same
authors, but only two testers used filters. An explanation
of such a behavior is that, since the list of paper under examination was very short (only 6 items), the testers have
preferred to scan it manually. It is also interesting to notice
that the citation functions have been read in two alternative
ways (for assignment A4): some users preferred the aggregated information available in charts, while others have accessed the citation contexts and motivations in textual form.
Finally, the last column of the table gives us very useful
clues about the overall use of BEX features in performing
different tasks. The first comforting consideration concerns
BEX functionalities: citation counters, icons, charts and motivations for citations have been largely used by most of
the testers. Another consideration is about some possible
improvements of BEX interface. For example, none of the
testers used bredcrumbs, that are the only mechanism provided by BEX to surf through the navigation history. This is
a clear weakness that we have to take in consideration in the
next version of the tool. Moreover, by comparing the wide
use of the ordering options on search results (available by
default in the center of the interface) to bibliography filters
and ordering options (that have to be activated by clicking
on a small icon), we understand that we should give more
emphasis to these last useful functionalities.

7.

CONCLUSIONS

In this paper we have introduced the Bibliography Explorer
(BEX), i.e., an interactive web-based tool aimed at supporting the analysis, exploration and sense-making of papers and
citations available in the Semantic Lancet Triplestore. In
particular, after discussing the most common tasks that researchers perform on bibliographies of a research paper (according to their actual role, e.g., author, reader, reviewer),

we have introduced the main features of BEX and we have
described the results of an user testing session. The evaluation of such results had shown that BEX is quite good in
supporting researchers to address the aforementioned tasks,
even if a few of issues still have to be solved in order to use
the full potential of the tool appropriately. We are working
to refine the tool, and we plan to perform a full comparative
analysis with existing solutions.
We also plan to focus on two new development directions.
On the one hand, we want to allow the use of BEX also with
(RDF-based) datasets that do not comply with the models
used in the Semantic Lancet triplestore, such as DBLP++,
OpenCitation Corpus and NPG Linked Data Platform. On
the other hand, we want to focus on enabling users to address
the tasks typically associated with the evaluation of authors
(related to goals G6 and G7).

8.
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