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1. Description of problems

The task domain isto visudize the field of Information Visudization. Thisisthe InfoVis
2004 contest problem. The contest is a programming project, where contestants design their
own visudization programs to effectively produce a visudization. However, in this project,
we are doing asurvey project: to evauate existing visudization tools, in particular,
VxIngght, on their capabilities to explore the dataset and perform the InfoVis contest tasks.

We use the dataset provided in the InfoVis 2004 contest. The dataset contains metadata for
all papers of 8 years (1995-2002) of InfoVis conference and their references. The metadata
was largely taken from the ACM Digitd Library. It includes publication title, authors,
keywords, abstract, references, and etc.

The contest proposes severd tasks to be solved with visudizations. Taken directly from the

InfoVis Contest website, they are the followings:

(1) Create adtatic (non-interactive) overview of the 10 years of the InfoVis conference.

(2) Characterize the research areas and ther evolution.

(3) Where does a particular author/researcher fit within the research areas defined in task 27

(4) What, if any, are the reationships between two or more or dl researchers?

Wewill use saverd light-weight tools to explore the possibilities of each of them answering
the above task questions. Then we will focus on VxInsght, acommercia grade
visudization tool developed by the Sandia Nationa Laboratories, to do these contest tasks.

2. Related Works
Visudizing Science by Citation Mapping
Visudizing domain specific researches have been undertaken for many years. The mgority
of these studies are performed at the discipline (White & McCain, 1998; Spasser, 1997,
Boyack et a, 2001b) or specidty level (Boerner, 2000, Boyack, 2000). Researchers use

advanced bibliometric® measures and indicators to reved the development of scientific
knowledge. Application areas include studies of scholarly communities and networks, the



growth and evolution of fields, the diffusion of research topics, and the relationships among
individua authors and indtitutions. (Boerner et a, 2003)

Science and technology maps are most often based on computed similarities between
journd articles using citation analysis (Smdl, 1999), or cooccurrence or coclassification
using keywords, topics, or classfication schemes (Nederhof & van Wijk, 1997; Noyons &
van Raan, 1998; Spasser, 1997). The number of publications produced by a researcher or
group over timeis the amplest indicator available. Citation counts alow oneto find out
where and how often an article is cited, which provides an estimation of the importance of
an aticle. Studiesto identify intellectua or socia networks are performed using author
cocitatior? andysis (Chen et a, 2001a) or on the basis of coauthorship (Newman, 2001).
Co-occurring words or citation links among documents, authors, terms, or journas, and
have been described in detail in Boerner (Boerner et a, 2003), White & McCain (White &
McCain, 1997), and White (White, 2003). Other approaches include linguigtic, content, or
semantic smilarities (Landauer et a, 1998; Boerner, 2000) as computing resources have
increased and information visudization techniques have progressed to enable the use of
geometric proximity in the graphica user interface to capture relationships between objects.

Once relationships between objects (articles, terms, authors, etc.) have been defined and a
smilarity matrix (based on cocitation or cooccurrence, etc.) has been computed, agorithms
are used to cluster the data. Common clustering methods for producing maps include
hierarchica clustering, k-means dgorithms, multidimensiona scaling, principa components
andyss, and sef-organizing maps (Boycek, 2003). Traditiondly, the standard output for
literature mapping studies has been acircle plot where each cluster was represented by an
appropriately sized circle. Links between circles provide rdationship information. In recent
years, several systems have been reported that use a computer display to produce the
mapping and alow some navigation of the map space (Boyack et d, 20014).

! Bibliometrics Bibliometrics utilizes guantitative analysis and statistics to describe patterns of publication
within a given field or body of literature.
2 Co-citation: to cluster cited articles according to their co-occurrences in journal article reference lists.



Visudization Tools

VR-VIBE uses datigtica techniques to visudize adocument bibliography and dlowsthe
user to interact with and manipulate the space. The VR-VIBE environment is congtructed
from a bibliography file and a corresponding set of queries. The queries are sets of
keywords which can be searched for within the content of the documentsin order to
generate scores to show the relative correlation between the query and the document
(Benfor, 1995). The Cat-a Cone integrates search and browsing of very large category
hierarchies with their associated text collections. One key insght is the separation of the
representation of category labels from documents, which dlows the display of multiple
categories per document. Another key component isthe display of multiple sdected
categories simultaneously, complete with their hierarchical context (Hearst & Karadi, 1997a;
Hearst & Karadi, 1997b). SCI-Map developed by ISl (Small, 1999). SCI-Map usesa
hierarchicaly-nested set of mapsto display the document space at varying levels of detail.
This nesting of maps dlows drilling down to subsequent levels. Each map is Smilar to the
traditiona circle plot, where the Sze of the circle can indicate the dengity of documents
contained in the circle, or some measure of importance. Relaionships at each discrete level
areindicated by links between circles. The SPIRE suite of tools, which originated a Pecific
Northwest national Laboratory (Hetzler, 1998; Wise, 1999), map objects to atwo-
dimensiona plane so that related objects are near each other, and provides tools to interact
with thedata. SPIRE is exclusvely focused on textud objects and computes smilarities
udng text andyss. SPIRE has two visualization gpproaches. a scatter plot of the text
documents and a gtatic terrain display. SPIRE isvery smilar to VxIngght, except SPIRE
does not provide the continuous, multi-resolution viewing capability and lacks the flexible
database interface.

Pethfinder Networks (PFNETYS) is an approach taken by White (White, 2003) for visudizing
author cocitation analysis. In PENETS, nodes represent authors, and explicit links represent
weighted paths (e.g. cocitation counts) between nodes. White' s paper directed usto test on
the AuthorLink® system. AuthorLink is a query-based visua interface at Drexel University.

Buzydlowski and coworkers have developed an interface to over 1.2 million records from

% AuthorLink url: http://cite.cis.drexel.edu



the Arts & Humanities Citation Index (AHCI). The user typesin the name of an author of
interest, and a map of the 25 authors most linked to the query author is returned. The user
can drill down through an author to find individua works. .

A four-gtep procedure for visudizing intellectua structures, developed by Chen (Chen &
Paul, 2001b) that extends the transforms traditional author co-citation andlysis by extracting
sructurd patterns from the scientific literature and representing them in a 3D knowledge
landscape. Users can gpply such visudizations to discover patterns and make vauable
connections between data.

VxIngght is the one we can have ahands-on trid. VxInsght was developed to build and
explore maps of technology using data from the Science Citation Index (SCI) (Davidson,
1998). VxIngght dlows users to navigate through 3D landscape usng mouse to zoom, pan,
and rotate. It displays fields from individual records. Labels pesks are dynamicaly sampling
words in fidds. VxIndght displays trends over time. VxIngght has been explored to a broad
gpplication to mapping and navigation of many different types of data (Boyack et a, 2000;
Boyack, 2001; Boyack et a, 2002; Boyack et a, 2003; Werner-Washburne et a, 2002).

3. Exploration of Tools -- Before Using VxInsight

Prior to having atrid on VxInsight, we felt that we need to understand how to measure
bibliographic coupling and co-citation andlysis besides citation counts, we had tested on a

free ware called Bibexcd.* Bibexceis afree-ware, developed by Professor Olle Persson,

Infosk, Umea univ, Sweden. This tool-box is designed to assst auser in andyzing

bibliographic data. This tool-box includes a number of tools, some of them visblein the

window and others hide behind the menus. It takes several data formats from indexes and

abstracts databases, such as1SI’ s Web of Science, Medlin, Biological Abstracts, and Dialog
Online Information Services, etc., and processes and builds them into tab delimited table; in
addition, it o has build-in caculaion and fractiondization functions to generate the

counts and coordination required to generate the citation map. For file types see Appendix A.

It is astep-by-gep tool of preparing data for visuaization.

* Bibexcel url: www.umu.sefinforsk/Bibexcel/



However, Bibexcd needs a Multi-dimensond Scaing-program (MDS) to be able to
produce maps, and the MDS-software is not distributed together with Bibexcd. MDS
attempts to find the structure in a set of proximity measures between objects. MDS has been
one of the most widely used mapping techniques in information science, especidly for
document visudization, author co-citation andyses, stience mapping, and visuaizing group
memories, and performance assessment, etc. (Boerner, 2003). Biblexcel is designed to let
Sydtat/Dos verson 4.1, which we don’ t have, to handle of the scding.  Even though we
cannot generate the citation maps, we did learn about the relationships among various data
files and the idea of bibliometrics. Through our exchanges of emails, Professor Persson
pointed us to find a citation map from his website, which can demonsrate Bates  author co-
citation map (Figure 1).
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Figure 1. Influentid Authorsin Library and Information Science 1986- 1996.
An All Author Co-citation Map, by Olle Persson. (Thanks to Professor Persson)
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To understand how the Pathfinder Networks works, we logged on to AuthorLink, a web-
based system developed at the Drexel Universdity that creates live interfaces for cocited
author retrieva on the fly. With the input “ Bates’, the system generates three different maps
(Figure2, Figure3, and Figured). Based on this hands-on experience and afew papers that
compare Pathfinder Networks and Multidimensiona Scaing, we believe that the Pathfinder

Networks is currently the superior tool to show the Author co-citation Map.
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Figure 2. Ingant Author Co-citation Map of Bates in ahierarchica map.
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Figure 4. Ingant Author Co-citation map of Batesin atriangular-shaped map

Setup VxInsght

There are severd steps required to display our dataset in VxInsight asa 3D landscape. In
high levd terms, these steps are the followings:

® Provide severd filesrequired by VVxIngght. The most noteworthy one is the input
dataset that is put in an ODBC-compliant database.
® Specify asmilarity measure between data objects.



® Genaae[x,y] postionsfor each data object from the smilarity measure. This
step, known as ordination, is done by VxOrd (a subsystem of VxInsght). A
samilarity measureis optiond.

® | oadthedaainto VxInsght.

We wrote a parser program to convert the contest data, in XML format, into severa tab
ddimited text files, each of which represents atablein arelaiond database. Then we load
the tables into Microsoft Access to create the database file. Other files that VxInsight needs
include a database dias file which contains a reference to the database file; a VxIngght
configuration file; and a*“ stopword” file which is used to prune the words used to display
labels.

Then we create a table containing two columns: first column is a paper 1D and the second
column is paper 1D of a paper that is cited by the paper in the first column. We could specify
agmilarity in athird column, however, if omitted, VxOrd will autometically use co-citation

asasmilarity measure.

The next step isto load the database file into VxIngght, then load the coordination file
generated by VVxOrd to place each data nodes in a meaningful way.

Exploration of the dataset

We began our analysis by scaling down the year range once we started the VxInsght image.
We can see research areas and their evolution as the following: on afull range from 2004 to
1974, the top of the terrain showed four mgjor areas generated from common wordsin the
title fidlds. As we move the dider back one year a atime, we can observe thetrends. In
Table 1., we can see the evolution shift in 2001, 1995, 1994 and 1993.

2004| Visudization/data | Information | Visudization/data Informetion Algorithm/animation
visudization Visudization

2001| Visudization/ Information | Visudization/grgphs | Information Algorithm/animation
information Visudization Visudization

1995 Visudization/ Information/ | Visudization/deta Informeation/ Padld/
Structure Graphical Dynamic Visudization

1994 Structures/ Information/ | DaaVisudization Informeation/ Algorithm/animation
Approach Graphica Dynamic

1993| Approach/ Information/ | Rendering/ Volume | 3D/ Algorithm/animation
Interface edition Visudization

Table 1. Magor co-terms from titles gppeared on the screen that changes by diding thetime
line




By diding the year range, we found that the earliest paper (1974) is about vector space,
1975 about clustering agorithm, 1976 about hierarchical geometry, 1978 about ordination,
1979 data structure, until the early 1990s researches are shift from agorithm, data structure,
to rendering data. From 1994 and up, the major research areas are more focused on five
clustersshow in Table 1.

Using VxIngght' s query function, we found that the |EEE produced the most papers (241
out of 613), and the ACM isin the second place (68 out of 613). Querying thetitletermsis
one way to find out how many papers have been published on atopic. We decided not to
use common terms such as information, visudization, data, and graphicd etc., in stead we
tried terms of specific InfoVistechniques, eg. pan (0 hit), zoom (8 hits), fisheye (7 hits),
hyperbolic (6 hits), focus (7), focustcontext (4), taxonomy (7), animat* (18), tree (30), and
agorithm (36). Such aquery returnsalist of matched objects, which will be highlighted as
color dots. By examining a particular cluster and turn on the links we can see the citation
structure among the papers. A shift click on a particular object brings the metadata of the

object on top of the screen.

1Sl Web of Science and Citerseer Citations

To determine who the dominant people are, their ingtitutions, and the type of their
publications, we used the IS’ sWeb of Science and the CiteSeer to examine the citation
context of most cited authorsin the information visudization fidd. Although ISl contains
less proceedings, but it has abroader coverage of disciplinary area; on the other hand, the
CiteSeer is more focused in computer science and related researches. In the InfoVis dataset
there are 613 articles that produced 4386 cited references over aperiod of 30 years, from
1974 t0 2004 (Figure5). We used the Pivot table function of Excd to find out the top 10
most cited references (Appendix B). The mogt cited articles comes from Xerox Pao Alto
Research Center and University of Maryland. There are eight conference papers (seven
ACM SIGCHI and one |EEE proceedings), one book (Tufte, 1986), and two journd articles
published by ACM.
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Figure5. A timeline of the no. of publications and the no. of citations from 1974 to 2004

Themog cited article is“ Cone Trees: animated 3D Visudizations of Hierarchica
Information”, which has been cited 65 times, by Stuart K. Card of Xerox Palo Alto Research
Center. ThelSI’ sWeb of Science (from 1965 to 2004) contains 68 citations and the
Citeseer contains 64 citations. The searches found that there aren’ t much difference.
However, the Furnas* s 1986 paper receives 61 as the second most cited author; we found
171 counts from IS, which has surpassed the citation counts within the InfoVisfidd, and
more interestingly, we found out that the CiteSeer has 237 citations to his pgper. Thismay
mean the “ Fisheye views’ has great impact on InfoVis researches. The “ perspectivewal” is
the third highest, again by Mackinlay, Roberson, and Card of Palo Alto Research center,
which has 66in1S and 134 citationsin Citeseer. Tufte' s book, ranked the fourth, isthe
only book entering the top 10, which meansit has a great impact on InfoVisresearch. Then
we examined how many citations the University of Maryland has, we found that Ahlberg &
Shneiderman found 76 citationsin ISl and 153 citations in Citeseer; and Johnson &
Shneiderman’ s paper only found 9 citationsin Citeseer, and none from the IS’ s Web of
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Science search.  This citations context andyss showed us that it' s obvious that “ more
authors atracts more citations’ isnot true here, e. g. the number of citations gppeared high
peaks at the year of 1986 and 1991, comparing to those two years the number of papers
published.

To answer the question of where does a particular author/researcher fit within the research
areas? We queried “Munzner” and got 6 hits, and those papers fal scattered among the
mountains labeed “ datalvisudization” and “ visudization/graphs’ (Figure 6). We think that
unless we have further data, such as keywords or classification codes to better present the
research areas, we cannot smply by using the title words to demondrate thisin amore

appropriate way.
e . |
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Figure 6. Use VxInaght Query function to search author like Munzner, and get 6 hits

(white spots on the screen)

What are the relationships between two or more or al researchers?

From our hands-on testing of the Pathfinder Networks and the VxInsight, we both fed that
the Pathfinder can give amuch better author-cocitation relationship map. In Figure 6 shows
the most cited authors— Stuart Card, Furnas, Tufte, and others; however, we cannot tell how
they related to each other. On the other hand, the Pathfinder Networks can give a much
clear sense (Figure 7 and Figure 8).
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Fgure 8. Thisisafigure taken from White s paper that displays the relationships among authors
based- on author co-citation andys's
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What are the relationships between journa articles, conference papers and technica reports,

and thesis? We feel that the InfoVis 2004 dataset is not large enough to answer this question.
Because it contains only one thesis and few technical reports, it is required to collect more

data from indexes & abstracts databases, such as Networked Computer Science Technical
Reference Library (NCSTRL), The Nationa Technica Information Service (NTIS), and

UMI’ s Dissertation Abstracts, etc.

For Additional dataset tasks, we did two more datasets. One is InfoVis class readings, the
other is a dataset of 148 papersthat cites Marcia J. Bates 1989 “ Berrypicking theory” paper
fromthe S’ s Web of Science.

For readings data set of InfoVis courses, our approach isto collect those information
visudization papers posted on the course websites of Stanford University, the University of
Cdiforniaat Berkeley, and the University of British Columbia. We then used VxInsght to
produce the relationship among these three dataset. In Figure 10 showed that the readings
of information visudization coursesin these three universties are quite different.

Stanford [18/18)
1

IStanfurd||l'UBl2 Stanford [15/2/18)

'UBC (40740)

Berkelev [15/15]

Figure 9. — InfoVis Course dataset shows the difference of topic areas in those universities.
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We had a chance to demondtrate the VVxInsight to a groups of faculty and sudentsin library,
archiva, and information science in aposter sesson on MarciaJ. Bates “ Berrypicking
theory”. To make the audience fed more attached to the topic we searched the ISI’ s Web of
Science and collected all citations on Bates 1989 paper. The dataset contains 148 papers
and 8584 citations from 1990 to 2004, and we used it to build a VxInsight dataset, so that
the audiences not only to see an advanced information visudization techniques, but they can
actudly have a hands-on experience. The usability result isreported in the user sudy
section of thisreport. The co-term display of the bates dataset produced a much clearer
research topics -- information/design, information/navigation, information retrievd, and
electronic interaction, and information feedback, these research areas are exactly what
Baes Berrypicking theory fdls, shown asFigure 11

informationfdesian [8/3/131

I,infurmatiun!navigatiun (2420

IinflJ rmationfretrieval [14/9/25]

.glectronic!interactiun [5/4

informationffeedback [9/5]1 4]

Figure 10. Bates dataset shown in VxInsght image. The labes are dl dearly identify the
research topics that related to Bates theory.

Although three different analyses are presented here, the process followed to conduct each
study was the same. Firgt, relevant and appropriate data were procured typically by query to
abibliographic database (a Microsoft Access database). Second, and object-to-object (e.g.,
atide-to-reference or article-to-course_code) smilarity was caculated. This step can
require the use of database functions, statistics, or other mathemeatica processing depending
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upon the type of amilarity chosen. Third, the data were clustered using the VxOrd
agorithm. Fourth, the data were loaded into VxInsight for viewing, navigation, discovery,

and andysis.

Evaluations
(1) Easeof use
® Excd: Excd isthe mogt handy toal for filtering out the data patterns we want.
® Bibexcd: tediouswork in terms of ease of use. Can' t get the map without SPSS
or SYSTAT/DOS, (one of the Multi-Dimendond System)
AuthorLink: no way to manipulate the data, it online dynamically builds the graph.
VxIngght: easy to inddl, build, navigate. It hasthe flexibility and dynamic pan
and zoom function and the ability to show the dement of time and evolution.

(2) VxInsght User study
We had a chance to do a user study by observation. We demonstrated VxInsight
citation map to agroup of faculty and studentsin library, archiva, and informeation
science.  There were 15 subjects gpproaching the system and expressed their interests
to know about how the system works. Two faculty members did the trias by
themsealves. One faculty member (mae, age 30-40, with computer science background)
performed the test by himsdlf. He had successfully clicked dl the functions, except
guery, —zoom, rotate, scale range, show labels, change landscapes, sdlect peak and
send to Excdl; however, he didn’ t know how to zoom back when he zoomed in and lost
the landscape on the screen. The other faculty member (femde, age 50-60, with
information science background) did the same tests like the other faulty member, and
only failed to sdlect peak and send to Excel. The other 13 subjects dl asked usto
perform the demonstration, among them only one interested to know more about
VxIngght and asked for a copy of VxInsight' s webste printouts from us. In generd,
their opinions are as follows:
® They dl expressed how incredible of thistool.
® Two faculty members, who did the trids by themselves, expressed the intuitive of
navigation of VxInsght.
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They firg didn’ t get the idea of the terrain landscape, after we had explained the
metaphor, and they al expressed thisisagood idea.

They liked the scale range idea, but they didn'’ t like the name “ scde range’ ; and
they would like to see the most recent year range, for example, they asked ” Can
you show the range between 2002- 2004, rather then al the way back to the earliest
date? Becausein bibliometrics, it is often to investigate the haf-life of the
citations; therefore, it isimportant to be able to set range within some recent years
aswell. (Note: VxIngght provides the flexibility of showing this function;
however, we had not been able to demondirate this to users due to the lack of
knowing this function then).

None of them had tried the query function.

Only one subject noticed the color changes on spots showed in Galaxy landscape
and asked about what the color represents.

One subject expressed her opinions about keeping the same color code in Galaxy
landscape when change the landscape from the Terrain, i.e. Red color on the top,
then yelow, green, and blue, etc.

7. Condusons
(1) Daaandyss

To clean up the dataset needs quite alot effort, we had encountered severa
problems. We had overcomed the parsng XML, generating tabbed tables, and
diminating doubled-length ids.  However, the varigtions of name form, the
inconsstent usages of punctuations are the most chalenging issue, which in the
redl world often times people use different citation yles. Within thistime frame
we cannot successfully parse out the cited authors from the cited references, For
future work, we can use the author(s) to cited author(s) connection to explore their
relationships.

We learned the smilarity measures through the tests of Bibexcd. Its sep-by-step
functions, tedious yet helps us to understand the concept of smilarity measures of
bibliographic coupling and co-citation. The Bibexcd experience with the ease of
use of VxIngght together build up our knowledge in data mapping.

16



2

3

®  Usarsneed to be familiar with the content of the dataset so that they will be more
interested to learn more about the tool and can easily comprehend the map. We
had done this comparison by displaying the InfoVis dataset and the citations
dataset of MarciaBates Berrypicking theory to library, archival and information
science faculty and students. Our results showed that even though the display is
the same; however, the Bates dataset generates more questions from those users.

® [nfoVisdaainspired usto collect the course materials dataset to see how InfoVis
coursesin different universities are using these papers to support their teaching.
Do they tend to use the Smilar materids or different? We collected course
materids from InfoVis courses from three universities UBC, Berkdey, and
Stanford. The result shows that there is some overlap, but not avery sgnificant

one (see Figure 9).

Software tools:

VxIndgght isacommercid toal, its capability has been gone through many tests by
scientists and researchers. It isvery easy to ingtdl with awell written user guide, and
severa published papersto alow us to absorb the idea and dedl with the questions
about its display and usage.

We like the Pathfinder Network (White, 2003) very much for its ability to retain the
most meaningful edges.

Through out the process of exploring the dataset and evauating VxInsght, we found
oursalves working backwards. We often learn about patterns and phenomenon in the
dataset by not using VxInsight, but other tools like MS Excel. For example, we use
Excd to manipulate the dataset and produce aranking of the top 10 most cited authors,
then we try to verify this pattern using VxIngght. In this case, this meansinduding a
new relaiond database table “ cited reference” to dlow researchers who are cited by a
particular cluster of papers to be digplayed as the labeling for those papers. Thisway,
we can see clearly who are cited, and can even use the dider to further explore the
evolution of cited authors through time.

Perhaps this means that VVxInsight, while being easy to learn, is hard to mester. The
initid 3D view that we obtain from VxIngght is not high in information density —we
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(4)

)

see clugters of papers being displayed but we couldn’ t tell much from it, since the pesk
labeling that was available to us merely shows the author of the papers under the
mountain peak. It actualy takes some fiddling with the dataset outside of VxIngght to
make us redlize what we want to show as peak |abels. One greet lesson hereisto be
careful with sdlecting pesk labeling, as the labels often end up providing the most

indght, when compared to the flashy 3D view. Particularly, it isagood ideato include
cited authors as alabeling in our case.

Cooperation between two different mind sets: Ron is a master student in computer
science and Chia-Ning is adoctord student in library & information science, we both
come from Taiwan; therefore, we have no problems in communication; however,
sometimes there were gaps between us due to different interpretations of technica

terms from our different background. It is agreat learning experience to accomplish
this assgnment together.

Finaly, we want to thank Mr. Brian Wylie of VisWave Company, who is aso one of
the authors and creators of VVxIngight, that he has been very supportive to help us
solving out the problems we had.
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8. Appendices

Appendix A:
There are dl together 17 different files we had generated successfully as shown in the following
table (Table 1):

1 | filedoc Theorigind bibliographic records as atext file with .doc
atribute (not Microsoft' s Word file). It requiresTAB
deimitersand “|" (spike) a the end of each fidd, and “||” at
the end of arecord.

2 | fileout Fields selected from file.doc and saved as anew file with .out
attribute.

3 | fileat Read file.out and sort by frequency

4 | fileer Fle.doc after running file check found errors

5 | fileoux A file with frequency caculated, sort, remove duplicates, and
make new out file.

6 | filenmr afilewith atideids.

7 | filenum Takealig of aticle idsfrom filenmr and save into anew file

8 | filecoc afile contains co-occurrence frequency + cluster pairs

9 | fileper afile contains cluster pairs

10 | fileadd add author namesiin citing-cited cluster pairs

11 | fileunt afile contains the units (e.g., authors)

12 | fileuot a shorter file made from .unt

13 | filecou bibliographic coupling results (two articles cited very smilar
references)

14 | filelin Thisfilehasthe aticde id in thefirg column and theref idin
the second column

15 | filemul afilewith * units per record” andyzed

16 | filemut afilewith no. of unites of each article andyzed

17 | filema2 a co-occurrences file in matrix form

Table 2: Bibexcd — Filetypes
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Appendix B. Top ten the most cited references.

No.

Rec_id cited Cited author(s) Cited Title Source Y ear
Proceedings of the SIGCHI
conference on Human factors

o T in computing systems:
acm108883 | 65 [Stuart K. Card ﬁone Tr_e&e - anl mateq 3D visualizations of Reachirrzg th?osggh technology, (1991
ierarchical information .
April 27-May 02, New
Orleans, Louisiana, United
Statesp.189-194
Proceedings of the SIGCHI
conference on Human factors
acm22342 61 |G.W. Furnas Generalized fisheye views in computing systems, April (1986
13-17, Boston, Massachusetts,
United States, p. 16-23
J. D. Mackinlay, . .
am108870 | 37 |G. G .Robertson, ;:‘; Otzfﬁﬁceg;’; edwa” Detail and - contextiy . edings of CHI '91 1901
Stuart K.Card,
acm33404 35 [Edward R. Tufte The visual display of quantitative information |Graphics Press, Cheshire, CT. [1986
Proceedings of the SIGCHI
John Lamping A focus+context technique based on conference on Human factors
acm223956 | 28 |RamanaRao hyperbolic geometry for visualizing large in computing systems, May 07-[{1995
Peter Pirolli hierarchies 11, Denver, Colorado, p. 401-
408.
George G. Robertson Information visualization using 3D interactive |Communications of the ACM,
aomiSss7r | 25 ?a:f E)KII\/IC;acrlgnlay animation v.36 n.4, April 1993, p.57-71. 1993
Proceedings of the SIGCHI
conference on Human factors
o1 775 | 24 Chrlstopher Ahlberg Visual i nformatlpn seekl ng: t|ght coupllng of in comp.utln.g systems: 1994
Ben Shneiderman dynamic query filterswith starfield displays  |celebrating interdependence,
Boston, Mass., April 24-28, p.
313-317.
) - Proceedings of the 2nd
. Tree-Maps: a space-filling approach to the L
Brian Johnson A . . : . lconference on Visualization
aamo49654 | 24 Ben Shneiderman \;tl rsltj;l l|J iztsl on of hierarchical information| 91, October 22-25, San Diego, 1991
Cdifornia. (IEEE)
: . . 4JACM Transactions on
aom22950 | 23 |dock Mackinlay Qrtgs%r:gtlir:)% . Of”r‘g " fﬁ' o Orrf;i Ongraph'ca' Graphics (TOG), v.5 . 2, April [1986
1986, p. 110-141.
Proceedings of the SIGCHI
Stuart K. Card . . o _ . ponferenc_e on Human.factors
ami08874 | 22 |George G. Robertson The information visualizer, an information in computing systems: 1091

Jock D. Mackinlay

workspace

Reaching through technology,
April 27-may 02, New Orleans,

Louisiana, p. 181-186.
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