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Abstract

At the beginning of a scientific study, it is usually quite hard
to get an overview of a research field. We aim to address
this problem of classic literature search using web data. In

Christoph Trattner this extended abstract, we present V\(ork-in-progress on an
Know-Center interactive visualization of research fields based on reader-
Inffeldgasse 13 ship statistics from the social reference management system
8010 Graz, Austria Mendeley. To that end, we use library co-occurrences as a
ctrattner@know-center.at measure of subject similarity. In a first evaluation, we find

that the visualization covers current research areas within
educational technology but presents a view that is biased
by the characteristics of readers. With our presentation, we
hope to elicit feedback from the Websci'13 audience on (1)
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8010 Graz Austria the usefulness of the prototype, and (2) how to overcome
slind@know-center.at the aforementioned biases using collaborative construction
techniques.
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Mendeley

Mendeley provides users with
software tools that support
them in conducting

research [3]. One of the most
popular of these tools is
Mendeley Desktop, a
cross-platform, freely
downloadable PDF and
reference management
application. It helps users to
organize their personal
research libraries by storing
them in relevant folders and
applying tags to them for later
retrieval. The articles,
provided by users around the
world, are then crowd-sourced
into a single collection called
the Mendeley research
catalogue [2]. At the time of
writing, this catalog contains
more than 80 million unique
articles, crowd-sourced from
over 2 million users. The
user's publications are also
augmented by readership
counts, allowing them to track
the popularity of their
individual papers within the
Mendeley community. These
readership counts indicate how
many Mendeley users have
added the author’s article to
their personal research library.

Introduction

The web increasingly shapes the way researchers connect
and collaborate. Social reference management systems in
particular, enable researchers to store their references in an
online library, and to share and discuss them with other
users. Apart from that, web activity also serves as a data
provider for the analysis of science. Usage data allows for
assessing the quality of a publication long before the first
citations arrive [10]. Thanks to the web, it is now possible
to view scholarly communication through the eyes of the
reader [11].

Next to quality control, information overload is an impor-
tant issue in science. Science has been growing exponen-
tially since its inception 400 years ago [9], and it still con-
tinues to grow to this day [6]. The number of researchers
in China, for example, doubles every 8 years [8]. Therefore,
it is usually quite hard to get an overview of a research
field at the beginning of a scientific study. One needs to
work through long lists of search results and their references
to build a mental model of the field. Recent publications
are often buried far down the list, because they have not
received many citations yet.

In our work, we want to address these problems of clas-
sic literature search using readership statistics from social
reference management systems. We have developed an in-
teractive visualization which gives an overview of the most
important areas in a field, and shows popular publications
related to each of these areas. In contrast to earlier visu-
alizations based on co-citations, the map is based on co-
occurrences of papers in user libraries. The visualization is
intended to assist students and researchers in any field. As
a use case, we have chosen to explore the field of educa-
tional technology. The first prototype is available onlinel.

lhttp://labs.mendeley.com/headstart

It was created with D3.js> and can be run in Chrome and
Firefox without additional plugins.

Data & Method

Our visualization is based on data from the popular refer-
ence manager Mendeley. In line with earlier findings such
as [7], we use a structural measure rather than a content-
based measure to determine subject similarity. Research
terminology has proven to be too fluent to provide consis-
tent results over time. In contrast to previous visualizations
though, we employ readership statistics instead of citations
to calculate subject similarities. Readership statistics have
a distinct advantage over citations: they are available much
earlier, shortly after the paper has been published. It has
been shown that readership statistics provide a good cover-
age of top publications [1] and that they provide a reason-
able correlation with the impact factor [5]. Furthermore,
there are first empirical results indicating that library co-
occurrences serve as a measure of subject similarity [4].

The visualization was created using multi-dimensional scal-
ing (MDS) and hierarchical agglomerative clustering (HAC)
on library co-occurrences. The basic method is described
in full detail in [5]. We used HAC with Ward's method to
establish the research areas. The number of clusters was
determined by the elbow method. We then employed non-
metric MDS to place the articles on the map. To unclutter
the map, a force-directed layout with a collision detection
algorithm was used. The areas were named by sending the
paper titles to Zemanta* and Open Calais®. Both services
crawl the semantic web and return a number of concepts
that describe the content. The more words a concept has,

’http://d3js.org
Shttp://mendeley.com
“http://zemanta.com
Shttp://opencalais.com
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Overview of Educational Technology
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Figure 1: Overview of Educational Technology

and the more often it occurs within titles and abstracts of an
area, the more likely it is to be the name of the area. Man-
ual interventions were only necessary to adjust the naming
of some areas and to select the number of publications in-

cluded in the map. As mentioned above, we took the field
of educational technology as a use case. A publication has
to be read at least 16 times by Mendeley users from the
field of educational technology, leading to a total of 91 pa-



pers. These papers appeared in 7,414 user libraries with a
total of 19,402 co-occurrences.

Results

The overview visualization can be seen in Figure 1. Head
Start follows the "Overview first, zoom and filter, then
details-on-demand” concept popularized by Shneiderman [12]
to support exploration. Initially, the main areas in the field
are shown, represented by blue bubbles (see Figure 1). The
size of the bubbles signifies the number of readers of pub-
lications in that area. The closer two areas are in the visu-
alization, the closer they are subject-wise. Once you click
on a bubble, you are presented with popular papers in that
area. The dropdown on the right displays the same data in
list form (see Figure 2).
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Figure 2: Zooming into the area " Technological Pedagogical
Content Knowledge”

By clicking on one of the papers, one can access all meta-
data for that paper (see Figure 3). If a preview is available,
the user can retrieve it by clicking on the thumbnail in the

metadata panel. This allows the user to learn about the
field on many levels of abstraction. The inclusion of full
texts where possible ensures that the user can do most of
the exploration in a single user interface.

7 Hide papers A

Area: Computer-supported Collaborative Learning

A framework o analyze argumentative knowiedge
T construction in computer-supported collaborative
y suppored learning

coltaborative

eaming An I Cooo

#hat do you mean
oy coll

Shoratie
arin .
T in Cambridge \ —
ey Randbook Sne [ —
[ e Trgevers aparatie \
oles learning Cognitive
Diana Launlars andeompiions!
i Shrocres 1355
i Intemationa
[ Joimatol
[ Compuer. 157 resces
88 eacery 5
| A tramework o anabze P
_— argumentative p
Knowledge knowledge construction
buidng: Theors in compifer-supporied | 4
pedagoay collaboratve learning y
arene A weinberger, F /
i, can Fischer
in Computers & /
Creation Diftusion Education (2006) 74
Utilization (2006) /[
109 reasers

Figure 3: Showing the metadata of a paper

The map contains thirteen research areas that cover the
main aspects of educational technology. The visualization
can be roughly divided into three parts. The bottom third
represents the psychological, pedagogical and methodical
basis of the field. In the top third, social and technological
developments are displayed. In between, popular learning
methods and technologies are being discussed. In the cen-
ter, there is an area of meta reviews. The publications of
this area are most often read together with publications
from other areas.

Evaluation

In a first evaluation, the visualization has been compared
to 10 other analyses of educational technology literature.
Among these analyses were four quantitative analyses based



on citations and word frequencies, four qualitative content
analyses, one study of larger streams in educational tech-
nology, and one Delphi study. The details can be found in
the appendix.

In comparison to citation analyses, the proposed visualiza-
tion is more diverse. It presents more research areas, and
these areas are by and large more specific than those in
citation analyses. Interestingly, most research areas from
qualitative analyses are covered as well. While some of
these topics might not be represented by their own cluster,
they are often represented as part of another cluster. Fur-
thermore, the visualization is a very recent representation
of the field: 80% of the publications included are from the
last 10 years.

Nevertheless, the co-readership analysis also has certain
limitations. Being based on the readers, their character-
istics may introduce biases to the visualization. Educa-
tional technology is an interdisciplinary field, but in Mende-
ley's discipline taxonomy it appears as a sub-discipline of
education. Therefore, the map represents an education-
dominated view. Areas that are mostly influenced by com-
puter science such as adaptive hypermedia are missing from
the visualization.

Conclusions & Future Work

While readership statistics have previously been shown to
be a good indicator of research impact, our visualization
now shows that they can also be used to map scientific
fields. In comparison with quantitative literature analyses,
it becomes apparent that our visualization covers many ar-
eas in the field of educational technology.

For a further evaluation, we are currently conducting expert
interviews of the visualization with researchers from educa-
tional technology. We expect to gain deeper insights about

representativeness and recency of the map. Furthermore,
we are looking to gain insights into size, distribution and
connections of the research. Last but not least, we want
to know more about the usability of the map for research
fields, and its extensibility. To overcome these biases, we
want to empower users to adapt and extend the maps.
Thus, researchers would be able to use the visualization as
an overview of their personal library, and to collaboratively
build a view of a field.

This is a discussion that we want to continue at WebSci'13
to get opinions of experts from other research fields. We
plan to include maps for the research areas of Artificial
Intelligence, Human-Computer Interaction, and Informa-
tion Science until then. We hope to elicit feedback on (1)
the usefulness of the prototype, and (2) how to overcome
the aforementioned biases using collaborative construction
techniques.
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