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Abstract

The present study examines one of the fundamespactés of author co-citation analysis (ACA) — theyweo-
citation counts are defined. Co-citation countimgvides the data on which all subsequent statistéicalyses and
mappings are based, and we compare ACA resultsllmasevo different types of co-citation countingr the one
hand, the traditional type that only counts thetfone among a cited work’s authors, and on therdtland, a
simplified approach to all-author co-citation cangtthat takes into account the first five authofs cited work.
Results indicate that the picture produced throtlgd simplified all-author co-citation counting d¢ams more
coherent author groups and is therefore considecidshrer. However, this picture represents feygecmlties in the
research field being studied than that producedutyin the traditional first-author co-citation caugt when the
same number of top-ranked authors is selected aalgzed. Reasons for these effects are discussathtidns of
counting more than first authors are compared.
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1. Introduction

Since its introduction by White & Griffith (19813uthor co-citation analysis (ACA) has gained gpegiularity
in the study of intellectual structures of schaolditlds and of the implied social structures of ttorresponding
communities. While most studies have applied theega steps and techniques of classic ACA to differesearch
fields with little or no modification, some studibave proposed new techniques for mapping authistesis (White,
2003) or for statistically processing co-citatimunts (Ahlgren, Jarneving & Rousseau, 2003). Howedeg studies
have examined the way that the co-citation courdsdefined — one of the fundamental aspects of A@¥ch
provides the raw data on which all subsequentssizdl analyses and mappings in ACA are based prément study
seeks to contribute to filling this gap, and aimshed some light on future directions of ACA sasdi

2. The problem and research questions

ACA is one particular type of co-citation analysis.is generally accepted that the co-citation eptcwas
discovered independently by Small (1973) and Mdmsha (1973), and that document co-citation analyss
introduced by Small (1973) and author co-citatimalgsis by White & Griffith (1981). Many co-citatioanalysis
studies have been conducted since.

In co-citation analysis, a set of items (authos;wiments, journals, etc.) is selected to represeasearch area.
Relationships between these items are then analpgedsing co-citation counts as similarity measurasd
multivariate analysis techniques as analyzing taolerder to study the intellectual structure asthesearch field

" A short version of this paper was published inceemlings of ASIS&T 2005 Annual Conference.
f Email: dzhao@ualberta.c@hone: 1-780-4922814, Fax: 1-780-4922430



This is a preprint of an article published in Information Processing and Management, 42: 1578-1591

and to infer some of the characteristics of theresponding scientific community. In general, twenits are
considered as being co-cited when they appeartteget the same reference list of a subsequerterti

Depending on the unit of analysis (documents, asthjournals, etc.) and on citation / co-citatitimesholds,
both the macro-structure and the micro-structure s€ience can be mapped, providing either ovessigwesearch
areas or a look at the underlying fine structusdll, 1999). Here, the “macro-structure” may teuglized on the
overall map of an entire science with each dothenmhap representing an entire discipline, whilectmistructure”
refers to the structure of a single specialty witich dot on the map representing a single document.

ACA takes the author as the unit of its analysismPared with document co-citation analysis, thislsad
complexity to the analysis in at least two aspédgeitst, the interpretation of results is complichtgy the fact that an
author represents a larger and less homogeneduthanian article does in terms of what is connotéts problem
was well addressed when ACA was first introducedyall as in subsequent studies (White, 2003). &k odefining
the co-citation relationship is complicated by théstence of multiple authorships. Unlike the forrpeoblem of
ACA, the latter has rarely been discussed in teediure.

Classic ACA only takes into account first autharsthie definition of co-citation. Specifically, twauthors are
considered as being co-cited when at least onendeaufrom each author’s oeuvre occurs in the sa&fezence list,
an author’s oeuvre being defined as all the worids the author as the first author (McCain, 19%@)t the purpose
of convenience, this is termed “first-author catign” in the present study.

As illustrated in Table 1, if authors Lee and Haiie cited in papers 1, 2 and 3 in the way showthénfirst
column, this definition would yield a co-citatioount of one between these two authors.

Table 1: Illustration of the difference between thee co-citation definitions

Authors Lee and
Hair being co-cited? Counting method First-author | Inclusive Exclusive
co-citation all-author all-author
co-citation co-citation
Reference list
Citing paper 1:
no yes yes
Lee, K. (2000). XSLT and XML. XML Journal
Lee, K., & Hair, S. (1998). RDF and OWL. The
Semantic Web
Citing paper 2:
yes yes yes
Lee, K. (2000). XSLT and XML. XML Journal
Hair, S., & Lee, K. (2003). RDF-Schema. Ontologia
Citing paper 3:
no yes no
Lee, K., & Hair, S. (1998). RDF and OWL. The
Semantic Web
Total number of co-citations between Lee and Hair 1 3 2
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This definition has rarely been challenged, padtig to the constraints imposed by the main datecedhat has
so far been used for ACA studies — the set of datad developed by the Institute for Scientific tnfation (ISI),
one of which is the Science Citation Index (SClhe3e databases only index the first authors ofl dtecuments.
Although all authors of a cited document can bentbim these databases if that document happers/diso been
indexed as a source paper (citing paper), the nuwmfbsuch documents, although increasing as tines gm, has
traditionally been very small. As an example in tlilerary and Information Studies (LIS) field, redéerces to articles
indexed as source articles in one of the ISI dabdetween 1986 to 1996 only accounted for ab#ubf7all
references made by these articles (Persson, 26814 result, it has been very difficulty if not imgsible to go
beyond first-author co-citation counting using #hesatabases.

A study by Persson (2001) was the only one we wereof that attempts to compare first-author dhduwhor
co-citation analysis. It took all the 7001 citingieéles in the LIS field identified in one of th&8ll databases between
1986 and 1996, and looked at how these articledbbad co-cited by each other, disregarding the riare 90% of
references to papers not indexed by the ISI da¢gbas source papers. This brief article provided multi-
dimensional scaling (MDS) maps based on first-auéimal all-author co-citation counts respectivelyt liitle detail
on how co-citation counts were defined and caledlatt observed similar subfield structures ontthe maps, and
noted the fact that many well-known authors onatauthor co-citation map were excluded from treprbased on
first-author co-citation counts.

As full-text research articles as well as citatiodexes that index all authors of cited works aeedming
increasingly available on the Web, we no longerehtaventirely rely on the 1SI databases in orderditect citation
and co-citation data. The time has come for ugéxamine the definition of co-citation and to explbow we can
go beyond classic first-author co-citation analysiall-author co-citation analysis.

The present study takes one significant step tasvalidauthor co-citation analysis, i.e. an ACA whimodifies
the classic definition of co-citation by redefiniag author's oeuvre as all works with this authsroae of the
authors of each of these works. We took a simplifi@proach to all-author co-citation in that weyotdok into
account the first five authors rather than all auth We hoped that this approach would approxirsatéciently
strict all-author co-citation counts, as publicaiowith more than five authors were not expectesdour too
frequently based on the statistics from the presamty (Table 2). Even if this approximation wensdufficient, it
would still help us to see beyond the classic-figthor co-citation analysis and provide an ideaviodt advantages
or problems all-author co-citation analysis mighind. We hope to see what kind of a picture we genthis way
from ACA regarding the intellectual structure o$eholarly field, and how and why it might be di&at from that
resulting from a first-author co-citation-based AG4nlike Persson (2001) that took a highly irregwdaproach to
ACA in that it disregarded more than 90% of theerefces in its dataset, the present study comgaea®sults of
regular, full-scale ACA studies that take into agaiothe full dataset.

Table 2: Distribution of papers by number of authors*

Papers retrieved from Researchindex

# of # %

0 4 1

1 83 27

2 77 25

3 78 25

4 36 12

5 or more 34 11

* The same data in this table was also used in Zhao (2004) & Zhao (2005).
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One immediate implication of the above definitiohall-author co-citation via authors’ oeuvres istthwo
authors may also be considered as being co-citeshwahpaper that the two authors co-authored igl.citeother
words, co-authorship when cited can also be couimtedco-citations. For example, according to tthéfinition,
authors Lee and Hair are considered as being ed-by paper 3 as well as by papers 1 and 2 ingke shown in
Table 1. This is therefore tentatively termed “irgiVe all-author co-citation” in the present stualy opposed to
“exclusive all-author co-citation” that does nouab cited co-authorship in all-author co-citatiayuanting. In Table
1, we illustrate the difference between the twardiédns of all-author co-citation: authors Lee aHdir have an
exclusive co-citation count of two and an inclusieecitation count of three.

Although both indicate that authors are relatedaoh other intellectually, co-authorship and catimn have so
far been considered as two different concepts ek tbeen used to measure different aspects of asthol
communication: co-citation as a measure of the eotion between two authors’ research as perceiyeithors of
subsequent studies, and co-authorship as an indifratthe direct intellectual and social relatibipsbetween two
authors. Thus, co-citation counts have been usea similarity measure in mapping the intellectualicture of
research fields whereas co-authorship has beeiedpplthe study of research collaborations.

Inclusive all-author co-citation allows cited cotHaarship to be counted and as a result takes intmumt
connections between authors perceived both by thegers themselves and by the authors of subsequeties.
One of our earlier studies (Zhao & Logan, 2002)gasted that all-author co-citation is an authemigasure of the
connectedness between authors, and may be an etten fmeasure than first-author co-citation sirfie way of
counting co-citations results in higher co-citatrates, which may make it easier to identify irg&ationships among
authors.

We explore this issue further in the present studgistinguishing between inclusive and exclusi@athor co-
citation in addition to comparing results from fiesithor co-citation analysis and all-author catbitn analysis. For
this purpose, we first performed an ACA based afusive all-author co-citation counts, i.e. alltaart co-citation
counts that include cited co-authorship, and coeubaie results with those from a first-author dat@n analysis.
We then carried out a third ACA based on exclusill@uthor co-citation counts, i.e. all-author dtation counts
that exclude cited co-authorship. By comparing rbepective analysis results, we hope to see tlfiereliice that
counting cited co-authorship in co-citations carkena all-author co-citation analysis in additianthe differences
between first-author co-citation analysis and athar co-citation analysis.

In summary, the major research questions explaordide present study are:
» How and why might results from all-author co-citatianalysis be different from results producedhzyfirst-
author co-citation-based ACA regarding the intellat structure of a scholarly field?

» How should co-citation be defined in all-author @tation analysis? Should it include or excludedito-
authorship?

3. Methodology
3.1. Data collection

The research area we analyzed in the present stagyXML — eXtensible Markup Language. Although XML
has had applications in a wide range of areas;dhe of XML research belongs to computer scienteisTwe used
the NEC Corporation Research Institute’s ReseadexXr{now a joint effort of NEC and the School ofoimation
Science and Technology at Pennsylvania State Wsifygrto collect citing papers on XML together witheir
reference lists. Researchindex (aka CiteSeer) aitcafly indexes research papers that both fatiwia broadly
defined computer science field and are publiclyilalzée on the Web. It is a SCI-like tool freelyaahable on the
Web, but provides more information on cited papbesn SCI does, including their full titles and themes of all
authors. Studies have shown that author rankinge wata from Researchindex are highly correlatétl those
using data from the ISI's SCI when using identicahtion counting methods (Zhao, 2003; 2005), inmgythat
using this tool for citation analysis is just asiddas using SCI. More information about Researdbican be found
in Lawrence et al (1999), Zhao & Logan (2002), Zhdo & Strotmann (2004).
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We developed a Java program to search for all dentsrindexed by Researchindex in “Header” fielddeun
the term “XML” or the term “eXtensible Markup Lanage,” and to download all of the records that rhetgearch
criteria into a local machine. No citation windowsre specified in the present study, indicating thablications
from all years were used, which worked well for ¥ldL research field — a fairly new research fielthe algorithm
of this program can be found in Zhao (2003). Altijlouthe actual search was conducted a few yearsoago
December 18, 2001, this is hardly a drawback ferghesent study as its focus is on ACA methodoladiyer than
on current scholarly communication patterns in gpegcific field.

Another program was developed in Java to parsesthesords, and to store the resulting citationrimtttion
such as titles, authors, publishing sources andsyafaboth citing and cited documents in a datacstire that was
convenient for later data analysis such as courtitagions and co-citations using multiple methdsisice an earlier
study (Zhao & Logan, 2002) had found the existesfoduplicates to be one of the major differencasvben the ISI
databases and Researchindex, the citing documenésexamined first by another Java program and rtreamually
to remove possible duplicates. Citations made bgdiduplicates were removed as well. The datatsteuand the
algorithms of these programs can also be founchanZ2003).

This way, we collected 312 publications which mad#/8 citations altogether.
3.2. Data analysis

Based on the perception of the authors of thesep8bfications, we conducted an ACA using both {farsthor
and all-author co-citation counts, the latter Hathuding and excluding cited co-authorship.

We followed the commonly accepted steps and teciesipf ACA (McCain, 1990; White & McCain, 1998;
White, 2003; Zhao, 2003) except for the way of iefij co-citation as discussed earlier. Core sesithors were
selected based on “citedness” — the number diantathey received. Two sets of highly visiblehaurs were thus
selected using two different citation counting noeth — straight counts and complete counts. Simpptywhen a
paper with N authors is cited, with straight courasly the number of citations of the first authafrthis paper
increases by 1, and with complete counts, full itfiedgiven to all authors of the paper, i.e. thember of citations
of each of the N authors increases by 1. Howewmiilas to our simplified approach to all-author citation counts
discussed earlier, we also took a simplified appnd® complete counts in that we only took intocast the first
five authors rather than all authors.

There are no strict rules regarding thresholdscftation-based author selection in author co-@tatinalysis
studies (McCain, 1990). Assuming that the more @nstlthe better a research field is representedprigent study
used low thresholds to allow roughly 100 authordéoincluded in the final multivariate analysise tinaximum
number of variables possible when using ALSCAL,thdtidimensional scaling routine in SPSS (versiGrD).

A Java program was developed to determine all-autbecitation frequencies (both with cited co-autp
included and excluded) as well as first-author itation frequencies, and to record them in thrgmesse matrixes.
These co-citation matrixes were then cleaned bygtihgl authors who were co-cited with very few othethors
based on the assumption that authors who hawe ditthnection with the rest of the field are notdjoepresentatives
of the field. Specifically, an author was deletédhie corresponding row/column contained more tB&%6 zero
value cells. The resulting matrixes were then caedeto Pearson’s r correlation matrixes that werturn used as
input to the two multivariate analysis proceduremplyed: Factor Analysis (FA) and Multi Dimensiortaling
(MDS).

Factors were extracted by Principal Component Asisly(PCA) with an oblique rotation (SPSS Direct
OBLIMIN). An oblique rotation was chosen becausis ibften more appropriate than an orthogonal ia@tawvhen it
can be expected theoretically that the resultirgpfa (in this case, specialties) would in redtigycorrelated (Hair
et al., 1998). The degree of correlation is indidaby the component correlation matrix producedabyoblique
rotation. The number of factors extracted was deiterd based on Kaiser’s rule of eigenvalue gretiten 1
because the resulting model fit was adequate assepted by total variance explained, communaliteaxi
correlation residuals as discussed below (Hait.£1898).

The multidimensional scaling procedure used inshisly was SPSS ALSCAL as many studies have ddioeche
(White & McCain, 1998; Kreuzman, 2001). It producpdwerful two-dimensional solutions with the squhre
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correlation (RSQ) value and the corresponding Sttesieasure being 0.99 & 0.05 (Figure 1), 0.98 @ qQFigure
2), and 0.99 & 0.03 (Figure 3) respectively. The-thmensional MDS maps as shown in Figures 1, 2) &&e
visualized using LaTeX from the coordinates produlsg the ALSCAL procedure.

With the aid of both factor analysis and multidmi®nal scaling techniques, the grouping of sclsolaas
analyzed, and results compared between differenttation counting methods.

4. Results and discussion

We will first compare ACA results between tradit@brfirst-author co-citations and inclusive all-amthco-
citations. Then we will exclude cited co-authorsfigom all-author co-citation counts to see whatedtdnce doing so
might make.

4.1. First-author vs. inclusive all-author co-citation analysis

We will base our discussion mainly on the factomlgsis results presented in Table 3 and Table 4,
complemented by MDS maps as presented in FigunedlFggure 2, because factor analysis applied in ARA
been shown to provide clear and revealing resalts éhe nature of a discipline (White and McCai®98).

Kaiser’s rule of eigenvalue greater than one reduilh a five-factor model from inclusive all-authaw-citation
analysis (Table 3) and an eleven-factor model ffost-author co-citation analysis (Table 4). Thespectively
account for 97% and 96% of the total variance, teddifferences between observed and implied atiogls are
for the most part (almost 100%) smaller than 0rdbBath cases. The factor names shown on top ofe$abl& 4
correspond to column headings indicated by numbers were assigned based on an examination of thd ci
articles written by authors in the correspondingtdes. Following White and McCain’s example (WhteMcCain,
1998), authors are ranked in the factor on whi@y tllad most highly and their loadings on othetdecthat are
above 0.4 (0.3 in White & McCain, 1998), if anyeaiso presented, indicating their contributionstre than one
specialty. If an author does not load 0.4 or higheany of the factors, the author’s highest logdwhatever it may
be, is presented.

Since the factor analysis result based on firdt@uto-citation counts is large in both dimensi¢gmsmber of
authors and number of factors), unlike Table 3 #etws all factors in both the left and the rigalf lof the table,
the left part of Table 4 only shows factors 1 tar8l all other factors on which the authors who loaabtly on
factors 1 to 3 have secondary loadings, while itjiet ppart shows factors 4 to 11 and all other fesct;m which the
authors who load mostly on factors 4 to 11 havesdary loadings.

4.1.1. How different?

If major factors are interpreted as specialties,risults of the factor analyses presented in $ebknd 4 reveal
structures of specialties within the XML researnehdf and the associated authors’ memberships iroomeore such
specialties. A comparison between the results éka3 and 4 reveals that the major subfield atrecdf the XML
research field is similar for both first-author aalttauthor co-citation analysis, which observatisrsimilar to one
previously found by Persson (2001) in the LIS rededield. This is probably due to the independentg¢he
intellectual structure of a field. However, the rhen of subfields and authors' relative positions different
between the two sets of results.

Both types of co-citation analysis have identiffedr major specialties in the XML research field) XML or
semi-structured databases, (2) Foundations of XML or semi-structured data management and processing, (3)
programming for or processing of XML data, and (4)The Semantic Web. This can be seen from the fact that almost
all authors in these four factors who are commobdth sets of top-ranked authors have been platéioei same
factors in the two types of analysis.
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Table 3: Factor Analysis of 100 authors in the XML research field (inclusive all-author co-citation)

1 - XML or semi-structured databases; 2 - Foundations of XML or semi-structured data mgt. & proc.;

3 - Programming for / processing of XML data; 4 - The Semantic Web; 5 - XML and Relational Database

Authors 1 2 3 4 5 Authors 1 2 3 4 5
E. Bertino 0.97 L. Libkin 0.97
L. Tanca 0.94 F. Neven 0.96
S. Comai 0.94 W. Tan 0.92
E. Damiani 0.94 Richard Hull 0.89
S. Paraboschi 0.92 Scott Weinstein 0.89
P. Fraternali 0.91 C. S. Hara 0.88
S. Ceri 0.88 ©. Wenfei Fan 0.87
J. Lapp 0.86 Philip Wadler 0.82
D. Schach 0.86 2~ Victor Vianu 0.43 0.77
A. Bonifati 0.85 H. Thompson 0.75
B. Ludascher 0.74 J. Clark 0.74 0.43
J. L. Wiener 0.74 V. Apparao 0.71
J. Robie 0.73 M. Champion 0.71
J. McHugh 0.72 S. B. Davidson 045 0.71
D. Quass 0.72 S. DeRose 0.70
A. Levy 0.72 H. Hosoya 0.69 0.43
R. Goldman 0.70 ~ B. Pierce 0.68 0.45
G. Hillebrand 0.70 C. Beeri 0.67
A. Deutsch 0.70 2 J. Simeon 0.46. 0.59
Y. Sagiv 0.70 Matthew Fuchs 0.58 0.58
M. F. Fernandez 0.69 Tova Milo 0.58
J. Widom 0.69 K. Smaga 0.44 0.54
D. Florescu 0.68 M. Murata 0.53 0.46
A. Malhotra 0.68 0.50 W. van der Aalst -0.46 0.71
D. Suciu 0.68 D. Lee -0.48 0.71 0.56
D. Maier 0.67 I. Jacobs 0.69
A. O. Mendelzon 0.66 > D. Megginson 0.63 0.65
G. Weikum 0.65 A. Le Hors 0.65
H. Garcia-Molina 0.65 < M. Felleisen -0.51 0.61
S. Abiteboul 0.65 T. Bray 0.53 0.60
J. D. Ullman 0.64:0.61 J. Paoli 0.52 0.60
S. S. Chawathe 0.64 C. Sperberg-MacQueen 0.52 0.59
D. D. Chamberlin 0.63 D. McKelvie -0.51 0.45
D. Beech 0.63 0.41 R.Guha 0.95
S. Cluet 0.62 S. Decker 0.93
L. Mignet 0.61 D. Brickley 0.92
G. Ghelli 0.59 - R. Swick 0.91
M. J. Franklin 0.59 O. Lassila 0.91
Y.Papakonstantino. 0.58 Michael Erdmann 0.87
Pavel Velikhov 0.57 Dieter Fensel 0.83
R. Cattell 0.53 |. Horrocks 0.76
C. Delobel 0.51 T. Berners-Lee 0.73
V. Christophides 0.51 Michael Hanus 0.51
P. Buneman 0.50: 0.44 M. Carey 0.55
G. Moerkotte 0.47 Gang He -0.41 0.54
J. Chen 0.45 J.Shanmugasundara 0.54
D. Kossmann 0.44 0.40 Kiristin Tufte 0.54
M. Kersten 0.43 -0.40 Chun Zhang 0.51
E. Maler 0.32 David J. DeWitt 0.45
A. Gupta 0.99 J. F. Naughton 0.42 0.44
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Table 4: Factor Analysis of 100 authors in the XML research field (first-author co-citation)

1 - XML or semi-structured databases; 2 - Foundations XML data mgt.; 3 - The Semantic Web; 4 - Prog. / proc. XML data; 5 - NLP;

6 - Version mgt.; 7 - Functional and Logic Prog.; 8 - DB and IR foundations; 9 — KM; 10 - Access ctl.; 11 — Data integration

Authors 1 2 3 4 8 Authors 1 2 4 5 6 7 8 9 10 11
L. Fegaras 0.84 “D. Megginson -0.84
S. Adler 0.79 <D. Lee -0.74
J. F. Naughton 0.74 A. Aho -0.70
P. Atzeni 0.61 ~N. Klarlund -0.67
D. Maier 0.56 M. Murata 0.42 -0.64
D.D.Chamberlin 0.56 <R. Bourret -0.62
R. Cattell 0.55 E. Maler -0.61
M. J. Carey 0.53 D. Fallside -0.51
D. Beech 0.48 C.-C. Kanne -0.44
F. Bancilhon 0.45:0.43 ¢ L. Wood -0.43 0.43
J.Shanmugasundar: 0.43 A. Schmidt -0.41
V.Christophides 0.42 ~-J. Bosak 0.35 -0.37
J. Widom 0.41 H. Jagadish 0.82 0.4
J. Miller 0.40 M. Kay 0.74
S. Cluet 0.39:0.38 N. Walsh 0.67
A. Y. Levy 0.38 J. K. Ousterhout 0.66
D. Florescu 0.36 C. Barras 0.63
J. McHugh 0.36 D. McKelvie 0.36
S. Abiteboul 0.35:0.31 A. Albano -0.33
A. Deutsch 0.34 0.33G. Ghelli -0.33
M. Fernandez 0.34 L. Liu 0.95
R. Goldman 0.33 A. Marian 0.94
C. Baru 1.03 S.-Y. Chien 0.88
S. Cosmadakis 0.99 ~J. Chen 0.60
F. Neven 0.97 S. S. Chawathe 0.36
W. Fan 0.92 < E. Harold 0.91
R.Ramakrishnan 0.90 H. Boley 0.72
D. Calvanese 0.89 M. Hanus 0.69
V. Apparao 0.88 C. Goldfarb 0.84
J. Ullman 0.84 <H. Meuss 0.76
P. Wadler 0.84 M. P. Marcus 0.75
H. Thompson 0.74 >.G. Navarro 0.74
T. Bray 0.72 R. Baeza-Yates 0.59
C. Beeri 0.67 < E. Baralis 0.57
J. E. Hopcroft 0.67 -0.43  J. Paredaens 0.53
J. Clark 0.64 A. Bonifati 0.51
H. Hosoya 0.61 Stefano Ceri 0.45
P. Fankhauser 0.57 A. Aiken 0.45
P. Buneman 0.56 “H. Liefke 0.44
A. Davidson 0.53 <S. DeRose 0.44
A. Sahuguet 0.49 -0.44 J. Robhie 0.33 0.38
L. Cardelli 0.42 ~.C. Freitag 0.81
Y.Papakonstantino 0.40 P. McBrien 0.51
T. Milo 0.38 ~E. Bertino 1.03
D. Fensel 0.92 E. Damiani 0.90
D. Brickley 0.92 A. Gupta 1.06
O. Lassila 0.91 M. Kifer 0.57
|. Horrocks 0.85 B. Ludascher 0.52
T. Berners-Lee 0.84 'S, Nestorov 0.34
P. Biron 0.75
S. Decker 0.75
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The first two specialties are the most active oassndicated by the number of authors workindhvsté areas or
the size of the corresponding factors. They botal déth XML or semi-structured data management Wwith
different emphases: design and implementation getlaory, indicating a classic split between thecak and
applied research in this particular arg@ae Semantic Web group has little to do with the other three spéies)
which can be seen from the lack of overlap betwhercorresponding factor and other factors. In, féi$ group has
a high negative correlation in both types of arialydth theXML or semi-structured databases group (-0.638 and -
0.31 respectively) and these two groups are locategposite ends on the MDS maps (Figure 1 angr&ig).The
Semantic Web group is different from the rest of the field imat it attempts to add semantics to the Web using
technologies such as XML while other specialtieseatally deal with a syntactic or data structusxwof XML.

This structure is quite clear in the results frohe tall-author co-citation analysis presented in l&aB,
considering that th&XML and Relational Databases group is highly correlated with théML or semi-structured
databases group, as indicated by the correlation coeffici@mb645) given by the oblique rotation procedurbe T
small group of authors labeled as “XML and relatibdatabases” represents the research focus ofingappdata
between Relational Database and XML, that is, #prasentation of XML data through relational dasgbar of
data in a relational database into XML format.sltciosely related to XML or semi-structured Datasabecause
they both apply database theory and technologydartanagement of XML data. The difference is jnat bne uses
relational database and the other semi-structuegabdse technology. This close relationship isicoefl by the
same general location of these two groups on theSMitap (Figure 1), and by the merging of ¥eL and
relational databases group into theXML or semi-structured databases group when different factor models with a
smaller number of factors were tried.
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Figure 1. MDS map of top 100 authors in the XML research field (inclusive all-author co-citation)

A light dot is placed at the origin and four circles around it to show more clearly the distance of author-points to the origin.
The distance between the first circle and the origin and between any two consecutive circles is the same, namely 0.5.
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This structure can also be clearly seen on the Mi2p generated from the all-author co-citation agialgs
shown in Figure 1. The group of authors who stud¥lLXand databases includingML or semi-structured
databases and XML and relational databases are located on the right, tf@undations of XML or semi-structured
data management and processing group along the bottom across from the left tortgbt, The Semantic Web group
far away from the others in the upper left cormmer theProgramming for or processing of XML data group along
the X axis on the left.

It appears that one of the two dimensions on the, mamely the X axis, measures the degree to whatibase
technology is a research focus. From the left ® right, the importance of database technology fmesomore
pronounced. This can be seen from the group steicftom The Semantic Web group at the far left end that has
little to do with databases to théML or semi-structured databases group at the right end in which the database
technology is the focus. It can also been seen ftarstructure inside tHeoundations of XML or semi-structured
data management and processing group at the bottom: the core database people Bememan, Ullman, Davidson,
and Vianu) are at the right and the XML-relatechdtrds and specifications that are not databaagedeln their
own right at the left (e.g. Apparao, Champion, Tpeon, Paoli, Sperberg-MacQueen and Bray). Thigorias the
significant difference betweeiihe Semantic Web specialty and theXML or semi-structured databases group
indicated by the high negative correlation (-0.6B8ween them. The meaning of the second dimelgiery axis),
however, is not as readily apparent.

On the MDS map generated from a first-author caticih analysis (Figure 2), however, the author giogl is
not as clear, although the four specialties aratified from the factor analysis results (Table Mivertheless, it is
still quite visible on this map that the X dimensitepresents the degree of database technology beiasearch
focus.
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Figure 2: MDS map of top 100 authors in the XML research field (first-author co-citation)

The dot at the origin and the circles around it are drawn in the same way and for the same purpose as Figure 1.
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In addition to these four major specialties that@mmon to both sets of results discussed abloedirst-author
co-citation analysis identified other areas of aesk within the field. The largest two aMatural Language
Processing (NLP), which focuses on techniques for represgntiatural text in XML, andseneral database and
information retrieval foundations, in which authors, rather than working with XMLrp&e, have tended to discuss
general database and information retrieval teclyiefothat can be applied in XML research. The raingifactors
have captured some tightly focused small groupkidiireg Version management, Data integration, Functional and
Logic Programming in XML, Knowledge management (KM), and Access Control.

4.1.2. Why different?

It appears that the major differences betweenttivetsre revealed through this all-author co-citatanalysis and
the one found through first-author co-citation geel are (A) the number of specialties identifiett gB) the
cohesion level of specialties identified. The pietproduced through all-author co-citation analgsistains author
groups that are more coherent, and is thereforsiderably clearer. However, the same picture remtssfewer
specialties in the research field being studied that produced through first-author co-citatioalgsis.

The first difference, i.e. the different numbersspécialties identified, is probably due to thdeté#nt methods for
selecting the representative authors to be inclidede analyses. Since complete counts are usteeiall-author
co-citation analysis, authors who often publiskt@suthors have the same chance as first authdes selected into
the analysis. These authors, however, are noylikebe able to make the cut to the top rankedaastim the first-
author co-citation analysis that uses straight ttm select authors. Co-authors usually have bewking on the
same general topics and their being included inateysis tends to push out from the list of topkeal authors
other authors who may represent smaller, unrelegsdarch areas. As a result, the same number ofatdqed
authors is likely to represent more research topidisst-author co-citation than in all-author citation analysis.

In other words, when the same number of highlydc#tethors is selected, all-author co-citation asialgppears to
reveal a clear picture of the most active reseapstialties while first-author co-citation analysan cover more
specialties in the research field being studiedibwt less clear picture. This is evidenced bydhservation that
authors in the all-author co-citation analysis lssare very concentrated: the first two large gdées include about
75% of the authors while those in the first-autborcitation analysis results are scattered intoynspecialties. It
will be interesting to test whether more specialti@ll come out if we include a greater number ahly cited
authors in the all-author co-citation analysis ait pattern it may follow.

The second difference, i.e. the different cohedewels of specialties identified, appears to be thu¢he co-
citation counting methods used in the two typesmdlysis. All-author co-citation takes into accouantcitations
received by scholars as co-authors. It also takiesdccount co-authorship that is, in a sense, Som@e an even
closer relationship between scholars. In other wontbre and stronger links between scholars arsicdemd in all-
author co-citation analysis. As a result, relatathars tend to get higher co-citation counts iraallhor co-citation
than in first-author co-citation analysis, whicestiauthors of a research group closer togethepalfglauthors from
different groups farther away from each other. Témult is a considerably clearer picture. This bareasily seen
from the MDS maps: the four groups in Figure 1 gtate clear-cut there, whereas those in Figure @vsh
considerable overlap even between the four majmuggs common to these two maps.

4.2. Inclusive vs. exclusive all-author co-citation counts

In order to see what difference including citedazthorship in all-author co-citation counts has eyage also
conducted an ACA based on exclusive all-authoritagion counts (i.e. all-author co-citation coumtish cited co-
authorship excluded).

As expected, results from this ACA turned out tosbey similar to those based on inclusive all-autm-citation
counts, especially the MDS map as shown in Figuvehigh is almost identical to the one shown in Fga. The
average distance between the same authors ontthesmaps is only 0.165 — about 14% of the averdgmmte
between the same authors on the two maps showiguneFl — inclusive all-author co-citation analysiand Figure
2 — first-author co-citation analysis. Some minbamges occurred in some authors’ positions as ateticby the
overlapped author names in Figure 3 (e.g. Bray &rBgrg-MacQueen, and Hanus & Berners-Lee). However,
differences were more pronounced in the factonyaimatesults, such as in the number of factorstifieth and in the
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loading structures. A thorough analysis of thesterinces is beyond the scope of this paper whdssapy goal is
the comparison between first-author and all-autitecitation analysis. Here in our preliminary comgan between
including and excluding cited co-authorship in d@aton counts, we will focus on the number of @ast leaving
discussion on other differences to a future study.
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Figure 3: MDS map of top 100 authors in the XML research field (exclusive all-author co-citation)

The dot at the origin and the circles around it are drawn in the same way and for the same purpose as Figure 1.

The Kaiser’s rule of eigenvalue greater than orseilted in a four-factor model this time, which aascts for
96% of the total variance, and the differences betwobserved and implied correlations are for tlostrpart
(almost 100%) smaller than 0.05. These four factorsespond to the first four factors in Table 8f Buthors in
factor 5 in Table 3 XML and Relational Database — were placed here into the same factor as timofsetor 1 of
Table 3 XML or Semi-structured Databases.

This merging was not surprising. As we discusseavapthese two specialties in Table 3 were closelgted
intellectually as seen from the nature of theieeesh, from the high correlation coefficient proéddy the Factor
Analysis procedure, from their same general location the MDS map, and from the fact that they eeigto one
single group when a factor model with a smaller benof factors was tried based on inclusive catioitacounts.
The fact that they were separated out, althouglielsigonly when cited co-authorship was includedancitation
counting suggests that this distinction was propalle less to intellectual differences betweentih® groups as
indicated by co-citations but more to the socidhtienships between authors within tiIL and Relational
Database group as represented by co-authorship. Indeeénalarge portion of the inclusive co-citation ctiof
authors in this group was gained through co-autfipr£.g9. 91% between Zhang and Tufte and betwéang and
He, and 72% between Shanmugasundaram and He.
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Another example of this phenomenon is that of thed editors of the XML standard document, BraliRand
Sperberg-MacQueen. The exclusive all-author cdisitaanalysis placed them into factor Feundations of XML
or semi-structured data management & processing, without any overlap with factor 3 Programming for, and
processing of, XML data, but the inclusive all-author co-citation analygsve them almost identical loadings on
factor 2 and factor 3 (Table 3). Most of their umilve co-citation counts were obtained throughhighly-cited
XML standard document they co-edited — 98% betw8parberg-MacQueen and Paoli, 87% between Bray and
Sperberg-MacQueen, and 85% between Paoli and Bisigh may have separated them out from factor thén
results based on inclusive co-citation counts (@&)!

It therefore appears that inclusive all-author itation counts tend to separate authors of higlitgdcmulti-
author papers from the specialty to which theirgragbelong intellectually. This means that inclasi-author co-
citation counts may not work as well as exclusiVleaathor co-citation counts if the purpose is t@pmthe
intellectual structure of a research field, esdBcighen there exist rival research groups or catingeschools of
thought in a field. On the other hand, inclusivieaalthor co-citation analysis allows the detectidrightly focused
research areas or topics within larger researcleiaies, and, more importantly, supports the stoflysocial
relationships between authors. The latter has bersidered as one of the advantages of authortatieci analysis
over document co-citation analysis, but which hatsbeen well demonstrated in ACA studies to date.

5. Conclusion

We have examined one of the fundamental aspectathr co-citation analysis (ACA) that has rarebeb
touched since its introduction in 1981, namelywlasy that the co-citation counts are defined whictvjale the raw
data on which all subsequent statistical analysdsw@appings are based.

A comparison between first-author and all-authorcitation analyses of the XML research field hadi¢ated
that an all-author co-citation analysis, which t&lketo account more links between related auth@sylts in a
considerably clearer picture of the intellectualisture of a research field than the classic fighor co-citation
analysis. Although the same number of authors tlelsy citedness when counting all authors tendepoesent
fewer specialties than counting only first authdahés should not be a problem if future studies canfirm that
including a larger number of authors in the analysill increase the number of specialties identifiSome
techniques and software programs such as Pathfifeterorks (PFNETS) certainly would allow this. Fedample, it
has been reported that PFNETs when applied to A about 200 author names to be mapped, andthlegt
have shown considerable advantages for ACA (WBQ63).

When counting all authors in ACA studies, the gioesbf how to define co-citation needs to be ansdelf we
simply modify the traditional definition by redeiinyg an authors’ oeuvre as all works with this auths one rather
than as the first of the authors of each of theseksy two authors could also be considered as lmrgited when a
paper co-authored by them is cited. We have predempreliminary comparison between the ACA redutts this
inclusive way of counting all-author co-citationadathose from excluding cited co-authorship fromcitation
counts. The result was in favor of exclusive cattiin counts in the study of intellectual structuom the one hand,
but it revealed the potential of inclusive co-g¢aatcounts in the study of social relationship&®A on the other.

ACA has been shown to be a powerful approach tatildy of scholarly communication. However, aseaxdihg
co-citation counts in the print world is nearly iogsible without the aid of citation indexes, ACAdies have been
relying heavily on the ISI databases, and consdtjubave been limited to first-author co-citatiofs full-text
scholarly publications and tools for searching theme becoming increasingly available on the Webretlare now
alternatives to the ISI databases for collectingritation data that allow us to go beyond firstheurt co-citation
towards all-author co-citation. As the present gtedows by example, this provides us with a cleaieture of
scholarly communication patterns, and with a wayetploit the full potential of ACA in the study dfoth
intellectual structures of research fields and alolationships of scholarly communities. We aoafent that
future ACA studies will take advantage of emergigta sources and tools, and will combine recentuacid
information visualization techniques with variousatation counting methods to produce even moterésting and
revealing ACA results.
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