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Abstract: This study examines the differences between Scapdsweb of Science in
the citation counting, citation ranking, ahdindex of 22 top human-computer interaction
(HCI) researchers from EQUATOR—a large British tdisciplinary Research
Collaboration project. Results indicate that Scoprevides significantly more coverage
of HCI literature than Web of Science, primarilyedio coverage of relevant ACM and
IEEE peer-reviewed conference proceedings. Nofgigni differences exist between the
two databases if citations in journals only are pamad. Although broader coverage of
the literature does not significantly alter theatele citation ranking of individual
researchers, Scopus helps distinguish betweeresiearchers in a more nuanced fashion
than Web of Science in both citation counting d@mthdex. Scopus also generates
significantly different maps of citation networks mdividual scholars than those
generated by Web of Science. The study also presecbmparison dfi-index scores
based on Google Scholar with those based on tlen wiiScopus and Web of Science.
The study concludes that Scopus can be used ake ala@a source for citation-based
research and evaluation in HCI, especially if eitad in conference proceedings are
sought and thah scores should be manually calculated instead lgfnge on system
calculations.

INTRODUCTION

Citation analysis—i.e., the analysis of data detiieom references cited in footnotes or
bibliographies of scholarly publications—is a pofuéand popular method of examining and mapping
the intellectual impact of scientists, projectsrjmls, disciplines, and nations (Borgman, 1990fi€ld,
1979; Meho, 2007; Moed, 2005). The method is irgirgdy being used by academic, research, and
federal institutions in several countries worldwide research policy making, visualization of scarb}
networks, and monitoring of scientific developmeats well as for promotion, tenure, hiring, salenge,
and grants decisions, among others (see Borgmauar&eF, 2002; Cronin, 1996; Small, 1999; Warner,
2000; Weingart, 2005; White & McCain, 1997, 1998deed, several governments have been using or

are considering using citation analysis and othlelidmetrics measures/indicators to inform decision
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regarding research quality assessment and thealacof research funds in higher education (seanid
2002; Butler, 2007; Moed, 2007, 2008; Weingart,300

Major reasons for the growing popularity of citati@nalysis include: (1) the validity and
reliability of the method in assessing, supportiogguestioning peer review-based judgments reggrdi
the impact of a scientist’s research output, esfigan domains where the journal article and coafee
paper are considered the main scholarly commupicathannels; (2) the relative ease with which one
can collect citation data; (3) the proliferationsafveral bibliometrics products (e.g., ISI Essé@@ence
Indicators—http://www.in-cites.com/rsg/—and ISIHig8ited.com), tools (e.g., Scopus and Google
Scholar), and measures (e.p-index andg index) which can facilitate citation-based reseaactu
evaluation; (4) the ability of the method to createnpetition among academic and research institsitio
(by way of rankings) and thus increase their efficy; and (5) the growing skepticism and
disenchantment with peer review as a sole resea@luation method (for more on last point, see Norr
& Oppenheim, 2003; Rinia, van Leeuwen, van Vurewa& Raan, 1998; Weingart, 2005).

The basic idea or assumption behind citation arglgsthat influential works or scientists are
cited more often than others. In this sense, onatireflect the relative impact and utility of anko
author, department, or journal's publications witlineir larger scientific domains. Because the igyal
validity and reliability of citation-based researmhd evaluation is highly dependent on the accusacy
comprehensiveness of the data used, it is imperétiat appropriate citation sources and data calec
methods are utilized (see van Raan, 1996, 2005nysdi, 2005). Inaccurate or incomplete data risks
underestimating the impact of a scientist, depantmniversity, journal, or nation’s research outfhat
may otherwise be deemed good by established s@sdar

Until recently, most citation-based research rekedlusively on data obtained from Web of
Science, which consists of three Institute for BSifie Information (currently Thomson Scientific)
citation databases: Arts & Humanities Citation kd&cience Citation Index, and Social Sciences
Citation Index. The emergence Elsevier's Scopusiuese in late 2004, however, has raised many

questions regarding: (1) the validity of findingasked exclusively on data from Web of Science; I{2) t



value and necessity of using multiple citation searfor examining and mapping the intellectual iotpa
of research; and (3) the appropriateness of usoop® as an alternative source of citations to \bfeb
Science. These three issues are raised primachuse of the considerably broader literature caeena
Scopus (over 15,000 “peer-reviewed” titles, inchgdimore than 1,000 Open Access journals, 500
conference proceedings, and 600 trade publicatymnsg back to 1996) than that of Web of Science
(approximately 9,000 scholarly journals and a digaint number of conference proceedings and bawoks i
series); users of citations for research evaluatiamt to know what are the effects of this broader
coverage on evaluation results, how significant #me effects of this broader coverage, and what
characterizes the sources exclusively covered pp&c (in terms of impact, quality, and type of

documents).

LITERATURE REVIEW

Studies that explored the differences betweeni@itagources had different results. For example,
Bauer and Bakkalbasi (2005) compared citation copnbvided by Scopus, Google Scholar, and Web of
Science for articles from th#ournal of the American Society for Information Science and Technology
published in 1985 and in 2000. The results for 188&les were inconclusive, but for 2000 articles,
Google Scholar provided statistically significangher citation counts than either Scopus or Web of
Science. The authors concluded that researchetddsbonsult Google Scholar in addition to Scopus or
Web of Science, especially for relatively recenblmations, but until Google Scholar provides a
complete accounting of the material that it indeard how often that index is updated, Google Schola
cannot be considered a true scholarly resourdeeisense that Scopus and Web of Science are.

Jacso6 (2005) conducted several tests comparing I&&miholar, Scopus, and Web of Science,
searching for documents citing (a) Eugene Garfi@hl, an article by Garfield published in 1955 in
Science, (c) the journalCurrent Science, and (d) the 30 most-cited articles frddarrent Science. He
found that coverage d@urrent Science by Google Scholar is “abysmal” and that there issagerable

overlap between Scopus and Web of Science. Hefalsal many unique documents in each source,



pointing out that the majority of the unique itemere relevant and substantial. Noruzi (2005) stlithe
citation counts in Google Scholar and Web of Saenfc36 webometrics papers; in most cases, he found
that Google Scholar provided higher citation coutitan Web of Science. These findings were
corroborated by the results of Vaughan and Sha®@gpfor information science.

Bakkalbasi, Bauer, Glover, and Wang (2006) companigation counts for articles from 11
oncology journals and 11 condensed matter physiasals published in 1993 and 2003. They found that
for oncology in 1993, Web of Science returned tlghést average number of citations (45.3), Scopus
returned the highest average number of citationsricology in 2003 (8.9), and Web of Science retdrn
the highest number of citations for condensed matteysics in 1993 and 2003 (22.5 and 3.9,
respectively). Their data showed a significanted#hce in the mean citation rates between all jdirs
resources except between Google Scholar and Sémpaendensed matter physics in 2003. For articles
published in 2003, Web of Science returned theelstrgmount of unique citing material for condensed
matter physics and Google Scholar returned the fosincology. The authors concluded that all three
tools returned some unique material and that tlesteen of which tool provided the most completedfet
citing literature might depend on the subject andligation year of a given article. In four science
disciplines, Kousha and Thelwall (2006) found thHa¢ overlap of citing documents between Google
Scholar and Web of Science varies from one fieldrtother and, in some cases, such as chemisisy, it
relatively low (33%).

Norris and Oppenheim (2007) used all but 720 ofidbienal articles submitted for the purpose of
the 2001 Research Assessment Exercise in the smeaices (n=33,533), as well as the list of 2,800
journals indexed in thinternational Bibliography of the Social Sciences, to assess the coverage of four
data sources (CSA lllumina, Google Scholar, Scopus, Web of Science). They found that Scopus
provides the best coverage of social science tiisegfrom among these data sources and concluded th
Scopus could be used as an alternative to Web ieh&e as a tool to evaluate research impact in the
social sciences. Bar-llan (2006) carried out anaggdric citation and reference analysis of theksaf

the mathematician and computer scientist, MichaeR@&bin, utilizing and comparing Citeseer, Google



Scholar, and Web of Science. She found that tHerdiit collection and indexing policies of the driént
data sources lead to considerably different resuit@another study, Bar-llan, Levene, and Lin (2007
compared the rankings of the publications of 22hlyigited Israeli researchers as measured by the
citation counts in Google Scholar, Scopus, and WklScience. The results showed high similarity
between Scopus and Web of Science and lower siti@ambetween Google Scholar and the other
databases. More recently, Bar-llan (2008) comp#reth scores (see below) of a list of 40 highly-cited
Israeli researchers based on citation counts frawge Scholar, Scopus, and Web of Science. In akver
cases, she found that the results obtained thr@agiyle Scholar were considerably different fromseého

in Scopus and Web of Science, primarily due tdioitg covered in non-journal items.

Meho and Yang (2007) used citations to more tha@9@ works by 25 library and information
science faculty to examine the effects of additiignasing Scopus and Google Scholar on the citation
counts and rankings of these faculty as measur&ldly of Science. The study found that the addition
Scopus citations to those of Web of Science sicauifily altered the relative ranking of those facutt
the middle of the rankings. The study also founalt tBoogle Scholar stands out in its coverage of
conference proceedings as well as international;Emglish language journals. According to the argho
the use of Scopus and Google Scholar, in addibdveéb of Science, reveals a more comprehensive and
complete picture of the extent of the scholarlyatiehship between library and information scienod a
other fields.

In addition to the above studies, there are seveaplers that focused on the variations in
coverage, user friendliness, and other advantagesi@sadvantages of Google Scholar, Scopus, and/or
Web of Science, most recently: Falagas, et al (R@B8lderman and Connolly (2007), and Goodman and
Deis (2007). These papers and the studies revieswgdest that the question of whether to use Scopus
and/or Web of Science as part of a research asees®xercise might be domain-dependent and that

more in-depth studies are needed to verify thaagths and limitations of each data source.



RESEARCH PROBLEM

Building on previous research, this study examimesdifferences in coverage between Scopus
and Web of Science for the particular domain of &oraomputer interaction (HCI). HCI, which
intersects both the human and computer scienceniserned with “designing interactive products to
support the way people communicate and interaittam everyday and working lives” (Sharp, Rogers, &
Preece, 2007, p. 8) and “with the study of majer@mena surrounding them” (Hewett et al, 1992)p. 5
It should be emphasized here that HCI is synonymatls CHI (computer—human interaction), a term or
acronym that was essentially used in the U.S. Relsess and practitioners more generally and
internationally now refer to the domain as HCI ($&eudin, 2008). According to Dillon (1995) and
Valero and Monk (1998), HCI emerged from a suppgrtbase of several disciplines, including,
computer science, information systems, cognitivd arganizational psychology, and human factors.
Shneiderman and Lewis (1993) indicated major imft@s by business, education, and library and
information science departments too. Given thisalirbase and the diversity of places where HCI
researchers publish, it could be that there ar&kedadifferences in coverage of HCI citation literat
between Scopus and Web of Science. To investig#tesiis the case, we look at the differences leetw
the two databases for the citation counting, @tatanking, andh-index scores of 22 top HCI researchers
from a large British Interdisciplinary Research I&bbration project, called EQUATOR. More
specifically, the study addresses three questions:

* How do the two databases compare in their coven&gil literature and the literature that cites
it, and what are the reasons for the differences?

» What impact do the differences in coverage betwibentwo databases have on the citation
counting, citation ranking, ardindex scores of individual HCI researchers?

» Should one or both databases be used for detemytinéncitation counting, citations ranking, and
h-index scores of HCI researchers?
The h-index, a relatively new bibliometric measure, wies/eloped by physicist Jorge Hirsch
(2005) to quantify the impact of individual sciexis research output and correct for various peecki

deficiencies of citation counting and ranking methadUnlike citation counting and ranking, which dan



easily influenced by one or very few highly citedpgrs or by the number of papers a scientist has
published regardless of their quality, theéndex takes into account both the quantity andafiqy’ (or
impact) of publications and helps to identify digfiiished scientists who publish a considerable mumb
of highly cited papers. The formula for thendex is simple: A scientist has an index h of his or her
papers have at leaBtcitations each. That is to say, a scientist witthandex of 10 has published 10
works that have each attracted at least 10 cittiBapers with fewer than 10 citations don’t couike

any other citation-based measure, thiedex has several weaknesses, perhaps most impyris: the
fact that it does not take into account the totahber of citations an author has accumulated.sk al
cannot be used to make cross-disciplinary compasiséor example, many physicists can and have
achieved arh score of 50 or more (Hirsch, 2005), whereas irhsliglds as library and information
science (LIS) very few have reached the score dfesed on data from Web of Science (Cronin & Meho,
2006; Oppenheim, 2007). For more on thmdex and the various models used to improveeg, Bar-
llan (2008a), Bornmann, Mutz, and Daniel (2008Y aim, Liang, and Rousseau (2007).

Unlike previoush-index studies, which exclusively relied brscores computed by the database
system, the current study calculates, comparesus@sl two types df scoressystem count and manual
count. In the system-based counting methodcores are determined by identifying all papedexad in
a database for an author and then using the “Gitdtiacker” and “Citation Report” analytical toots
Scopus and Web of Science, respectively, to cakuleh scores. In this method, thescores will not
take into account an author’s cited works thatratecovered by the database. In contrast to thermsys
basedh-index count, in the manually-basedunting methodh scores are calculated by identifying the
citation count of each work by an author regardtdsshether the work is indexed in a database. Bhis
followed by ranking the works by most cited firftien counting down until the number of times cited
equals or is less by one than the number of citecksv To our knowledge, very few studies have
compared these two types of counting methods (Ergnin & Meho, 2006). Similarly, very few studies
have compared Scopus and Web of Science in terrmstbébrh-index (e.g., Bar-llan, 2008b; Sanderson,

in press).



Answering the abovementioned research questions exadnining the differences between
system-based and manually-baseiddex scores are important because it will allata more reliably
rate Scopus as a data source against Web of Sci¢émtitterences are found between domains, people
who use citation analysis for research evaluatiwh @her purposes will need to justify their choafe
database. Simply claiming that Web of Science & dbtablished source will no longer be sufficient.
Moreover, because citation-based metrics (e.@fiait counting or ranking, citations per paper fijau
impact factors, ant-index) are often used in research evaluationglitee mapping, and research policy
making, as well as in hiring, promotion and tenwsalary raise, and research grants decisions, it is
important to determine whether citation searchmglCl and beyond should be extended to both Scopus

and Web of Science or limited to one of them.

STUDY SAMPLE

In order to examine the differences between ScapdsWeb of Science in the citation counting,
citation ranking, anti-index scores of HCI researchers, we used a sash@2 top scholars (11 principal
investigators and 11 research fellows) from a larideited Kingdom (UK) multi-institution
Interdisciplinary Research Collaboration funded jggb known as EQUATOR (http://www.equator.
ac.uk/). EQUATOR was a six-year (2001-2007) Intsegtlinary Research Collaboration (IRC),
supported by the UK’s Engineering and Physical i8me Research Council (EPSRC), which focused on
the integration of physical and digital interactitihcomprised a group of leading academic reseascim
the design, development, and study of interacteehnologies for everyday settings from eight UK
universities. The expertise of the IRC was divemseluding hardware engineering, computer graphics,
mobile multimedia systems, art and design, softveieelopment and system architecture, information
sciences, and social and cognitive sciences. AROGt people worked on or were associated with
EQUATOR; each university site had between 20-3@aeshers during its lifetime, in the form of

principal investigators, doctoral students, rededéetiows, and visiting scientists from outsidetloé UK.



A recent study by Oulasvirta (2007) ranked two lté study sample researchers, Benford and
Gaver, among the top 20 most published and mostl @uthors in the Association for Computing
Machinery’s 1990-2006 proceedings of the Conferemcéluman Factors in Computing Systems (CHI),
widely considered the top conference in HCI; adtihesearcher, Cheverst, ranked 43rd. Benford, Rgdde
and Rogers have also been consistently featuresi@the top 100 published authors in Gary Perlman’s
HCI Bibliography of most published HCI authors (http://www.hcibitg@uthors.html). Eleven other
study sample members are featured in the biblidgrapoo, which included in February 2008
approximately 1,500 authors with 10 or more pubiwss in the domain.

In total, the 22 researchers included in this stoag published or produced (through December
2007) 1,440 works (excluding meeting abstractssemmtions, book reviews, and 1-2 page-long
editorials), which consisted of 967 (67%) confednorkshop papers; 348 (24%) journal/review arsicle
including cited magazine articles; 49 (3.5%) bodiamers; 25 (2%) edited books and conference
proceedings; 22 (1.5%) dissertations; 18 (1%) ghelil and/or cited technical reports; and 11 (1%)
books. Of these 1,440 unique items, 594 (41%) evered by Scopus and 296 (21%) by Web of Science.
Merging the results from both databases incredsesitmber of covered items to 647 (45%). Further
examination of the results shows that Scopus cA®@%s of all conference papers and 61% of all journa
articles published by the researchers, in compats®/eb of Science’s 11% and 54%, respectively.

Although the 22 researchers were not selected malydat should be emphasized that when
forming the EQUATOR research team, considerabkntin was paid to representation by distinguished
scholars who represented the primary HCI researedsaincluding computer science, engineering, and
psychology, among others. Table 1 provides the ndmeeyear the doctoral degree was earned, the name
of the university granting the doctoral degree, dhe academic/disciplinary background of the 22
researchers constituting the study sample. Whilelavaot claim that our findings can be generalized
the whole of the HCI community, especially becadseerican and European research focuses on
information technology and people may differ in omant ways (see Galliers & Whitley, 2002), we

believe that our sample provides valuable inforarategarding the differences between Scopus and Web



of Science and whether one or both databases sheulded in citation-based research and evaluition

HCI.

DATA COLLECTION

In Scopus, we used three searching methods tondieethe researcherk’scores and their total
citation counts: Author Search, the “More” tab, andict match. In the first method, we identified fo
each individual researcher all his or her publaradiin the database and recorded and retrievetiall
citations to these publications as automaticallyegated by the database. In the second methodsede u
the “More” searching/browsing feature to displaglest, and collect citation data to items not found
through or covered by the Author Search methodnjgkes of these items are books, chapters in books,
technical reports, dissertations, and journal kegiend conference papers not indexed by the degalda
the exact match search method, we used the titenatem as a search statement (elge Human-
Computer Interaction Handbook) and tried to locate an exact match in the citedférences” field of the
indexed records. In cases where the title was oot ®r ambiguous to refer to the item in questiog,
used additional information as keywords (e.g., ftret author’s last name) to ensure that we re&tkev
only relevant citations. In cases where the titeeswwoo long, we used the first few words of thke tit
because utilizing all the words in a long title magrease the possibility of missing some relevant
citations due to typing or indexing errors. The &ek match” search method was most practical for
authors with common last names (e.g., B. BrownMdller, and A. Schmidt), whereas the combination
of Author and “More” search methods was more pecattior authors with less common last names. In
Web of Science, we used the “Cited Reference Séanethod to identify both citations to all 1,440
items in our sample and the researchberstores. When necessary, we used different permosaénd
search strategies to ensure that we capturedeliond citations.

An important consideration in HCI, especially witegard to calculating thb-index, is the
multiple manifestations of a work, i.e., its publion in several venues (e.g., technical reports,

conference proceedings, journals, collectionskhls study, we treated two different versions ofrkgo
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with the exact same title as one item, especialigmwthey were produced and/or published within one
year from each other; on average, there were appabely two such cases per researcher. The
implications of multiple manifestations of a wordr fcitation analysis are discussed extensively an-B
llan (2006).

To carry out the study, we requested from and wmvided with the complete lists of
publications for our sample of 22 researchers.h@lgh the lists seemed to be complete, we examined
them with searches in several online databasesBsewith extensive coverage of HCI literature (e.qg.
ACM Digital Library, Ei Compendex, IEEE Xplore, lide Conferences, INSPEC, SpringerLink, Pascal,
PsycINFO, Scopus, and Web of Science, as well agl@ddcholar and WorldCat). This check identified
71 works that were cited (in some cases over 18sjrbut were missing from the lists of publicatitimet
were provided (e.g., short conference papers,lestin professional magazines, and technical rgport
The check also identified 45 citation errors (mpostl the title field, followed by author, and putdtion
year). The use of complete and accurate publicditis helped ensure that we conducted complete
citation searching and generated accurate citatmomts and scores. The importance and value of the
use of publication lists in citation analysis islwaescribed in Jacs6 (2006) who shows that citatio
counts can be considerably deflated because citatm a work or an author are not grouped together
automatically.

The data were collected twice—in March 2007 andragaFebruary 2008 to ensure accuracy
and currency. The citations were entered into ateEgpreadsheet and Access database and were coded
by first author, source (e.g., journal and confeeename), document type (e.g., journal articleierev
article, conference paper), reference type (eaytnpl vs. conference proceeding), publication year
language, institutional affiliation of the corresience author, and country of the correspondent®iau
as well as the source used to identify the citatidintually all citations were from refereed sowsce
Approximately 3% of the citations did not have cioyrand institutional affiliation information. We
painstakingly used the Web to identify missing infation. Because some journal and conference names

are not entered consistently in Scopus and Webc@nge (e.g.Jnformation Research is indexed as
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Information Research in Scopus whereas it isformation Research-An International Electronic Journal

in Web of Science), we manually standardized adlhsimstances. In cases where a citing source had
changed its name, we merged the citations under riwst recent respective name (e.g., citationsidou

in the Journal of the American Society for Information Science were listed under its more recent hame,

theJournal of the American Society for Information Science and Technology).

RESULTSAND DISCUSSION

The results of this study are presented and disdussfour sections: (1) the differences between
Scopus and Web of Science in their coverage ofithrg literature and the reasons for these diffess;
(2) the impact of differences in coverage of thengiliterature on citation counting, citation ramdg, and
h-index scores of HCI researchers and the wisdomvahee of using both databases for these purposes;
(3) the differences between Google Scholar andithien of Scopus and Web of Science in termé of
scores and the reasons for these differences;gntb(iclusions and implications. Because Scopus and
Web of Science provide different citation coverggeods, we limited the analysis to citations frpears
common to both databases, i.e., 1996 on—there 2EHeitations from the pre-1996 period, all found i

Web of Science.

Differencesin Cover age of Citing Literature

Our results show that, in total, the 22 sample mambhave been cited in 7,439 different
documents published between 1996 and 2007. Of ti®=®pus covers 6,919 (93%) whereas Web of
Science covers 4,011 (54%) (see Figure 1). A praicreason why Scopus finds significantly more
citations than Web of Science is due to its coverafgsignificantly more citing conference proceggin
775 in comparison to 340, respectively (see FiQuamd, for more detail, Table 2). The impact of evid
coverage of conference proceedings by Scopus oritdi®n results in this study is further evidethdsy
the considerably high number of unique citationanfb in conference proceedings in comparison to
citations found in journals. Approximately 76% (@& of all citations found in conference proceeding

were unique to a single database in compariso®% @,352) in the case of citations in journalse(se
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Table 3). Similar conclusions were drawn when catingaoverlap in citations in conference proceedings
with those in journals (see Table 4). The promiment conference proceedings as a major source of
citations in HCI should not be surprising here,eesqlly because of the close ties between the domai
and computer science, a field that considers paeewed conference proceedings important if not
more important than scholarly journgtee Bar-llan, 2008b; Goodrum, McCain, LawrenceGies,

2001; Moed & Visser, 2007).

Scopus
n=6,919 (93%)

Web of Science
n=4,011 (54%)

Figure 1. Distribution of unique and overlapping citations in Scopus and Web of Science (N=7,439)

While these findings suggest that, for HCI, morkdvaitation analyses are likely to be obtained
through using Scopus than Web of Science, it isomamt to emphasize that wider coverage is not
necessarily better because it may mean coveradewair quality publications. It is often argued in
academic circles that citations in high quality jedtions and/or from prominent authors and insitis
carry more weight or are more valuable than citetiibund in low impact publications, and, therefore
sources of citations should be examined in orderstess the true value of the citations, espeaidin
used in an evaluation exercise (see Neary, Mirrl@eSirole, 2003; Palacios-Huerta & Volij, 2004;
Pinski & Narin, 1976). Given both the fact that WebScience is the more well established citation
database and the claim that it covers only or méairgh impact journals, we decided to assess Hiteist

of the sources in which Scopus’s citations werenébuNe focused on the top 20 citing journals and 20
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conference proceedings. Our assumption is thatofheiting journals and conference proceedings are
the most important channels of scholarly commurocaih a given domain and, therefore, it is expecte
that these journals and conference proceedingseang indexed in citation databases. This assumjiio

actually one of the main criteria for journal séiee in Web of Science (Ball & Tunger, 2006; Testa,

2004).
1,200
i 1,016
1,000 356
&4
775
800 721
661
600
400 340 591
I
200
0
Scopus Wwos Overlap Union
m Journals Proceedings

Figure 2. Number of citing jour nals and confer ence proceedings by data source

Our results show that Scopus covers all of the 28pciting journals and 20 conference
proceedings, in comparison to 19 journals and edginference proceedings in the case of Web of
Science; we used 22 journals instead of 20 beaafusde at rank 20 (see Table 5). These 42 josraat
conference proceedings represent 2% of all citimgrees and account for 30% of all citations of the
study sample in both databases. Table 5 furthewshbat seven of the 12 conference proceedings
uniquely covered by Scopus are published by ACM fiksociation for Computing Machinery) and four
by IEEE (Institute of Electrical and Electronicsdimeers), two major sources of HCI and other fields
literatures that are widely known to publish paparssufficiently high level of quality” and thosthat

are “seriously refereed” (Moed & Visser, 2007, p). Vable 5 also indicates that a third major seunt
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citations in HCI is thd_ecture Notes in Computer Science/Lecture Notes in Artificial Intelligence series,
which are covered by both Scopus and Web of Science

The impact (or “quality”) of the top citing jourrsahnd conference proceedings uniquely covered
by Scopus (n=15) was compared with the 27 topgtithes covered by both Scopus and Web of Science.
We found that several of them have relatively higipact factor rankings/scores, including ACM
Transactions on Computer-Human Interaction (3rdj @omputer Supported Cooperative Work (4th)
among journals, and ACM Conference on Human FactorsComputing Systems (1st), IEEE
International Conference on Pervasive Computing &wmmunications, PerCom (3rd), ACM
Conference on Hypertext and Hypermedia (4th), &BEH Virtual Reality Conference (5th) among
conference proceedings (see Table 5 and belowttier examples).

To investigate whether Web of Science covers agh Impact, frequently citing journals and
conference proceedings not indexed in Scopus, alyzad the 520 citations found exclusively in Wéb o
Science. Results showed that 322 (62%) of thes#iaris were in sources covered by Scopus, such as
Ubicomp, IEEE Pervasive Computing, ACM Computingv@ys, Interacting with Computers, Computer
Networks, Journal of the American Society for Imfation Science and Technology, and ACM
International Conference on Human-Computer Intevactwith Mobile Devices and Services
(MobileHCI). Scopus missed these 322 citations bseaof errors in the database (e.g., providing
incomplete lists of cited references, lack of citeferences information, and errors in cited refeee
information in some of its records) or becausenobmplete coverage of periodicals (e.g., missirg th
coverage of some issues or volumes of a title opping the coverage of certain titles). The renmagni
198 Web of Science unique citations were foundmrhany sources (60 journals and 69 conferences) to
identify prominent and frequently citing journalsdaconference proceedings.

Similarly, to investigate whether Scopus covers high impact, frequently citing journals and
conference proceedings not indexed in Web of Seiéand apart from those 15 Scopus unique titles tha
featured among the top 42 discussed earlier), vedyaed the 3,428 citations found exclusively in

Scopus. Results showed that 533 (16%) of them vmes®urces covered by Web of Science; Web of
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Science missed these 533 citations primarily bexaofsincomplete coverage of some titles. The
remaining 2,895 citations found exclusively in Sespvere from 296 journals and 506 conferences—two
that stood out among these 802 titles as frequeritiyg sources (over 20 citations each) were: the
Proceedings of the Annual ACM Symposium on Useerfate Software and Technology (UIST), which
has a 2006 impact factor score of 2.264, and ttexrational Conference on Intelligent User Integfac
(U1, which has a 2006 impact factor score of 1.38or more examples, see Table 5.

The findings presented above underline the impodasf conference proceedings as a major
scholarly communication channel in HCI. This was$ sarprising given the fact that HCI borrows from
and exports ideas to several domains that relyilyea conferences, such as computer science (aee B
llan, 2006, 2008b; Goodrum, McCain, Lawrence, &eGil2001; Moed & Visser, 2007). The findings
also show evidence that Scopus provides signifiganbre comprehensive coverage of HCI literature
than Web of Science, primarily in terms of confemermproceedings. It should be emphasized here,
however, that Web of Science “intentionally” hawery poor coverage of proceedings and, had we
limited our analysis to citations in “high-impagtiurnals only, our results would have suggestedemor
comparable literature coverage between the twobdats. Still, in order to provide better journal
coverage in HCI, this study recommends that WeBaxnce and JCR further expand their HCI literature
coverage with at least the following two prominet@l titles: ACM Transactions on Computer-Human
Interaction andComputer Supported Cooper ative Work.

The effects of our findings on citation countingtattion ranking, anc-index scores of HCI
scholars are discussed below. Because Scopus’'sagevef HCI research and the literature that citiss
significantly higher than that of Web of Sciendee discussion concentrates on the wisdom, necgssity
and/or value of using Web of Science as an additi@ource of citation data. This decision was
additionally driven by the fact that Scopus indea#isof the top citing publications found in Web of
Science, as well as several key, high-impact H@Inals and conference proceedings that were notdfou

in Web of Science.
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Differencesin Citation Counting, Citation Ranking, and h-1ndex

Given that Scopus covers 93% of all citations imparison to Web of Science’s 54%, it was not
surprising to find that Scopus identifies signifidg higher citation counts for all 22 researchtran
Web of Science does, with considerable variatioomfone researcher to the other (ranging from a low
55% increase/difference to a high 140%). Despitg, tlesults show that both databases produce very
similar citation rankings of the 22 researcherseg@man rank order correlation coefficient for the t
rankings=0.970) (see Table 6). Results also shatthie addition of citations from one databasétsé¢
of the other does not significantly change the imagg These findings suggest that the selectionuzied
of a particular citation database will depend am prpose of a study. If the purpose is only to pam
the ranking of HCI scholars, then either databasel® used, with Web of Science being the choice if
citations prior to 1996, the period Scopus doesawster, are sought. If citation counts are sought i
addition toh scores, then Scopus is preferable since it widhidy more complete citation data. In the
latter case, Web of Science can be used as anamddiitiata source to account for pre-1996 citatidns
needed.

While the selection of a database for a citatiarkireg study of HCI researchers has no bearing
on rankings, a more complete citation count of vitial HCI researchers, as found in Scopus, has
significant implications on mapping the scholarygstific impact of these researchers. For example,
looking at the results of the top three cited res®ears (Rogers, Benford, and Rodden), it was fahad
there are significant differences between Scopas\Va@eb of Science in terms of the identity of thp to
five citing authors, journals/conferences, univiggsj and countries. In all but three instances tdp five
in Scopus varied significantly from the top fiveWeb of Science (see Table 7).

Regarding thér-index, as mentioned earlier, we generated twoafdisscores in each database
for each researcher: one that is calculated bydtdtabase system (we called trsgstem count) and
another based on citation searches of individuaksvéwe called thismanual count). We also generated
a system count and a manual counh gtores based on the union of data from both dsg¢gbathis was

done in order to assess the value and necessitsira multiple data sources in calculatimgcores. Our
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results show that manually-baskdcounts in both Scopus and Web of Science gensigtéficantly
higher h scores of individual researchers than system-b&sedunts (see Table 8). This was not
surprising because by definition mantiadcores will always be equal or greater than thstesy count.
This is so because the former takes into accolintaks produced or published by the researchers (i
this case 1,440 journal articles, conference paersk chapters, and so on) whereas the lattesrein
only those items covered or indexed by the databéisethis case 647 or 45% of the 1,440 works
produced/published by the researchers). Thesenfisdsuggest that databases relied on to autontatical
calculateh scores must be used and interpreted with extremton (see Figure 3 and, for more detalil,
Table 8), particularly because the differenceshm tiwvo counting methods vary significantly from one
researcher to the other (from a low 50% to a hi§B%). These major differences between the two
counting methods imply that even when comparingaeshers from the same domain, one should use the

manually-based count method rather than the sybsaed count method for calculatingcores.

Average h-index

Web of Science Scopus Union

m System Count  ® Manual Count

Figure 3. Average h scores of study sample by counting method

Our results additionally show that Scopus not aygyerates significantly highérscores than

Web of Science (regardless of the counting metheddd-system or manual), but Scopus also
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differentiates between the researchers in a moaaged fashion as illustrated in the difference leetw
top ranked and bottom ranked (variance in Web eérée equals 11 in comparison to 16 in Scopus).
Results also show that the addition of citatiormmfrWeb of Science to those of Scopus does not
significantly alter thén scores or rankings of the researchers, implyiagittwould be unnecessary to use
both databases to generatecores of HCI researchers. This is an importamtifig particularly because
it is extremely tedious and labor-intensive to gatesh scores based on the union of citations from two
databases.

In summary, our findings suggest that broader caayerof literature by citation databases does
make a significant difference on citation countgatmn mapping (as illustrated with the examples
provided in Table 7), antt scores of individual researchers in HCI. Futuresaesh should explore

whether this is true in other domains.

Comparison with Google Scholar

Given the growing popularity of Google Scholar asitation analysis tool (e.g., Golderman &
Connolly, 2007; Neuhaus, Neuhaus, & Asher, 200&),0ecided to compare theindex scores derived
from Google Scholar with those from the union od@as and Web of Science. The reasons for doing this
include: (1) Google Scholar can be used to gendrageores for an author in a matter of seconds or
minutes (especially when using such tools as HgiziRublish or Persih—nhttp://www.harzing.com/), in
comparison to hours in the case of Scopus and Wétzxience’'s manual counts. (2) Google Scholar’s
scores are based on a much larger body of literaham that of Scopus and Web of Science combined.
(3) Google Scholar is a freely available tool apaged to the very expensive, subscription-basegusco
and Web of Science, allowing many researchers livithed access to utilize and apply some citation-
based exercises. And (4) Google Scholar generadesiahtype oh scores rather than system typehof
scores. Ifh-index studies consistently find positive correlat between Google Scholahsscores and

those of manually calculated scores in Scopus aMi&b of Science, one could potentially use Google
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Scholar as a possible alternative, especially walethings being equal (e.g., comparing authoriwit
the same research domain).

In this study, results showed a very significantelation between thle-index ranking in Google
Scholar with that of the union of Scopus and WebSeience—Spearman rank order correlation
coefficient for the two rankings being 0.960 (sedl€ 9). The main difference between the two ragkin
is that Google Scholar helps distinguish betweerréisearchers in a more nuanced fashion than tbe un
of Scopus and Web of Science, as evidenced byatfyerl variance between top ranked and bottom
ranked researchers (30 in comparison to 18, ragpBgt This was not surprising because, unlikeffso
and Web of Science which cover only journal itemd aonference papers, Google Scholar additionally
covers books, book chapters, dissertations, thespsrts, and conference workshops and presengation
among others, without any geographic or linguistictations. According to Meho and Yang (2007),
approximately one-fourth of all Google Scholar tias in the field of library and information scan
come from these latter types of sources and neayfourth of Google Scholar’s citations are iokesi
through full-text documents made available onligetheir authors (i.e., self-archived) rather theant
official sources. It is these sources of citatitret contribute to the large discrepancy iscores between
Google Scholar and the union of Scopus and WelziehSe. It is also these same sources that one must
pay attention to when interpreting Google Schokasdah scores because their quality is not the same as

the quality of journals and conferences coverethbycommercial citation databases.

CONCLUSIONS AND IMPLICATIONS

This study shows that, in HCI, conference procegsliconstitute, along with journals, a major
channel of written communication. Many of thesegaeedings are published by ACM and IEEE and also
by Springer in the form okecture Notes in Computer Science/Lecture Notes in Artificial Intelligence
series. Using a sample of 22 top HCI researchetiseirJK (with backgrounds in architecture, cogrativ
science, computer science, design, engineeringnergics, human factors, psychology, sociology, and

software engineering), the study illustrated theessity of using Scopus instead of Web of Science f
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citation-based research and evaluation in HCI diliteon to providing significantly more compreheresi
coverage of relevant and high impact publications generating more complete citation counts of
individual HCI scholars, Scopus produces signifisahigher h scores for these scholars than Web of
Science does. The addition of Web of Science oitatiata to those of Scopus virtually does not dlter
h scores of HCI researchers. The study also illteiréhe necessity of manually identifying individua
scholar’sh scores rather than relying on scores automaticallyulated by the databases.

Our findings corroborate results found in otherdsta regarding the inappropriateness of using
Web of Science exclusively as a source of bibliosimetdata in domains where conference proceedings
represent a major channel of written communicafeg., computer science). Although more studies are
needed to compare the citation coverage of Scopdsi\&eb of Science in various domains, this paper
highlights the significance of the selection an@ w$ appropriate data sources dmthdex counting
methods in conducting citation-based research &atla&ion. Bibliometricians, academic departments,
research centers, administrators, and governmemtsno longer limit themselves to Web of Science
because they are familiar with it, have accesd,toribecause it is the more established data sourc
Today, there are many other databases to choose dssources of citation data. A challenge is to
systematically explore these data sources and termdme which one(s) are better for what research
domains. This is very important to emphasize bezadentifying citation counts and calculatihngcores
using data from two or more databases can be lghite-intensive and, in many cases, unnecessally. St
the use of appropriate data sources and methoeslaginecessary to generate valid and reliabldtsesu
and make accurate or more informed research assessm

Moreover, regardless of which citation databasef{sjlata source(s) are used, the principles of
bibliometrics research should be observed (see §Hein2005): (1) it has to be applied by profession
people with theoretical understanding and thoroteghnical knowledge of the databases, retrieval
languages, and the abbreviations, concepts, atetfainologies of the domain under investigatior);i(2

should only be used in accordance with the estaddigorinciples of “best practice” of professional
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bibliometrics as described by van Raan (1996); @)dt should only be applied in conjunction with
gualitative peer review.

The emergence of Scopus, Google Scholar, and doakritation-enhanced databases (see
Ballard & Henry, 2006; Golderman & Connolly, 200Roth, 2005) will help provide better services from
the producers of these databases as they compebdidiots and market share. Such competition will
compel database producers to pay more attentioart®aproviding higher quality data in the form of
clean and correct citations, and more completealitee coverage. As far as Web of Science is coecker
if it were to improve its literature coverage of Khis study recommends that it indexes those-high

impact journals and conference proceedings idedtifi this study (see Table 5).
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Table 1. Academic background of the study sample

Year Ph.D.

Name completed University Country Field/Discipline

Barkhuus, Louise 2004 IT University of Denmark Computer Science
Copenhagen

Benford, Steve D.* 1988 University of Nottingham itéal Kingdom | Computer Science

Brown, Barry A. T. 1998 University of Southamptony nitéd Kingdom| Sociology

Chalmers, Matthew* 1989 University of East Anglia | United Kingdom| Computer Science

Cheverst, Keith W. J. 1999 University of Lancaster | United Kingdom| Computer Science

Crabtree, Andy 2001 University of Lancaster Unilkkdgdom | Sociology

De Roure, David C.* 1990 University of Southampton United Kingdom| Computer Science

Fitzpatrick, Geraldine* 1998 University of Queensla Australia Corr_lpute_r Science & Electric

Engineering

Friday, Adrian J.* 1996 University of Lancaster téd Kingdom | Computer Science

Gaver, William W.* 1988 Unlver_s ity of California a United States Cognitive Science
San Diego

Gellersen, Hans W.* 1996 University of Karlsruhe r@any Software Engineering

Izadi, Shahram 2004 University of Nottingham Unitddgdom | Computer Science

Muller, Henk L.* 1993 University of Amsterdam Theetiierlands| Computer Science

Price, Sara 2001 University of Sussex United KimgdoPsychology

Randell, Cliff** 2007 University of Bristol UnitetKingdom | Computer Science

Rodden, Tom A.* 1990 University of Lancaster Unitédgdom | Computer Science

Rogers, Yvonne* 1988 University of Wales t United Kingdom| Psychology
Swansea

Schmidt, Albrecht 2002 University of Lancaster Baitkingdom | Computer Science

Schné&delbach, Holger 2007 University College LondanUnited Kingdom| Architecture

Stanton-Fraser, Danaé E. B.

1997

University of estier

United Kingdom

Psychology

Steed, Anthony*

1996

Queen Mary, University c
London

United Kingdom

Computer Science

Weal, Mark J.

2000

University of Southamptor

Udikingdom

Computer Science

*Principal Investigator.

**Actively publishing since 2000.
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Table 2. Total citations by document type (1996-2007)

Document Type Web of Science Scopus Union of Web of Science
and Scopus
Count % Count % Count %
Journal article 2,83¢ 71% 3,58¢ 52% 3,85( 52%
Conference pape 1,02¢ 26% 3,201 46% 3,41¢ 46%
Review aticles 72 2% 7€ 1% 8€ 1%
Editorial material 64 2% 48 1% 71 1%
Othel 13 0% 4 0% 1€ 0%
Total 4,011 101%* 6,919 100% 7,439 100%
Total from Jour nals 2,982 74% 3,712 54% 4,023 54%
Total from Proceedings 1,029 26% 3,207 46% 3,416 46%

*The total percent is over 100% due to rounding.

Table 3. Unique citations by document type (1996-2007)

Document Type Unique citationsin both
databases
Count %
Journal articles (n=4,(3) 1,352 34%
Conference papers (n=3,4 2,59¢ 76%
Total (n=7,:39) 3,94¢ 53%

Table 4. Overlap in citations by document type (1996-2007)

Document Type

Overlap between Web of
Science and Scopus

Count %
Journal articles (n=4,(3) 2,671 66%
Conference papers (n=3,4 82( 24%
Total (n=7,:39) 3,491 47%
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Table 5. Top 42 sour ces of citations by database (1996-2007)

Rank Sour ces of citations Web of Scopus  Union of Web of ScopuslIF JCR Impact
Science Science and (rank) Factor
Scopus
JOURNALS
1 Presence: Teleoperators and Virtual Environn 15€ 15t 15¢ 1.480 (10 1.00(¢
2 International Journal of Hum-Computer Studi¢ 13C 12¢ 131 1.615 (7 1.09¢
3 Interacting with Compute 118 10t 11t 1.140 (27) 0.83:
4  Computer Supported Cooper ative Work 91 91 2.000 (4) NA
5T Cyberpsychology & Behavi 53 53 60 1.269 (13 1.061
5T IEEE Pervasive Computil 50 48 60 2971 (2 2.06:
5T Personal and Ubiquitous Compuitil 48 57 60 1.427 (12 NA
8 Behaviour & Information Technolo 57 58 59 1.097 (9) 0.74:
9  Journal of the American Society for Informati 53 46 55 1.766 (6 1.55¢
Science and Technology
10 Humar-Computer Interactic 44 41 46 3.043 (1 2.39]
11T Computer Network 36 28 39 1.200 (14 0.631
11T International Journal of Hum-Computer 39 36 39 0.695 (21 0.431
Interaction
13T Communications of the AC 33 30 35 1.991 (5 1.50¢
13T Computers & Educatic 34 31 35 1.464 (11 1.08¢
15 Information and Software Technolc 31 25 31 1.138 (:8) 0.72¢
16 Computers & Graphit 27 25 28 0.953 (20 0.601
17 Information Processing & Managem 24 22 25 1.576 (8 1.54¢
18 IEEE Multimedit 22 24 24 1.14¢€ (16) 1.31%
19T ACM Transactions on Computer-Human 23 23 2.861 (3) NA
Interaction
19T IEEE Computer Graphics and Applicati 23 17 23 1.556 (9 1.42¢
19T Journal of Computer Assisted Learr 23 23 23 1.163 (15 0.53:
19T New Review of Hypermedia and M ultimedia 23 23 0.565 (22) NA

Total number of citations (% of all citations in

. 996 (33%) 1,085 (29%) 1,184 (29%)
journals

CONFERENCE PROCEEDINGS

1 ACM Conference on Human Factorsin 211 211 2.478 (1)
Computing Systems

2 ACM Conference on Computer Supported 72 72 -
Cooper ative Work

3 Ubicomp: Ubiquitous Computing, Proceedir 67 55 69 -
(LNCS)

4  |EEE International Conference on Pervasive 64 64 0.934 (3)
Computing and Communications, Per Com

5  Proceedingsof SPIE - The International Society 60 60 -
for Optical Engineering

6 ACM Conference on Hum~Computer Interactio 45 48 58 -
with Mobile Devices and Services, MobileHCI
(LNCS)

7 1EEE Virtual Reality Conference 51 51 0.612 (5)
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Rank Sour ces of citations Web of Scopus  Union of Web of ScopuslIF JCR Impact

Science Science and (rank) Factor
Scopus

8 ACM Conference on Hypertext and 49 49 0.915 (4)
Hyper media**

9 ACM Conference on Designing I nteractive 45 45 -
Systems, DIS

10 On The Move to Meaningful Internet Syste 26 34 39 0.155 (11
Conference (LNCS)

11 ACM International Conference on Collaborative 34 34 -
Virtual Environments

12T Humar-Computer Interactio— INTERACT (LNCS 18 33 33 -

12T International Conference on Computer Suppc 3 33 33 0.242 (9
Cooperative Work in Design, CSCWD (LNCS)

14T ACM Symposium on Virtual Reality Software 32 32 -
and Technology, VRST

14T International Conference on Embedded 30 30 32 0.141 (12
Ubiquitous Computing, EUC (LNCS)

16 |EEE International Conference on Advanced 30 30 0.469 (7)
Infor mation Networking and Application, AINA

17 IEEE International onference on Pervasi 28 27 28 1.500 (2
Computing, PERVASIVE (LNCS)*

18 ACM Symposium on Applied Computing 26 26 0.521 (6)

19T The Semantic Web: International Semantic \ 20 24 25 0.323 (8
Conference, ISWC (LNCS)*

19T |EEE International Conference on Systems, Man 24 24 0.178 (10)

and Cyber netics

Total number of citations (% of all citations in
conference proceedings)

Grand Total (% of all citationsin database) 1,233 (31%) 2,067 (30%) 2,219 (30%)

237 (23%) 982 (31%) 1,015 (30%)

-The figures in the Scopus, Web of Science, anduhien of Scopus and Web of Science columns refaghénumber of
citations found in each journal or conference pedagg to the works of the 22 researchers.

-The figures in the Scopus IF and JCR IF columrey rief the citing sources’ 2006 impact factor scores

-NA = Not available.

-ltems in bold are those citing journals and confeegproceedings covered exclusively in Scopus.

-LNCS stands for thieecture Notesin Computer Science/ Lecture Notesin Artificial Intelligence series, published by Springer.

-The IF scores were calculated in Scopus as folld@ges in 2006 to articles published in 2005 +e€itn 2006 to articles
published in 2004) divided by Number of articleblghed in 2004-2005. Unique citations found thiotige “More” tab/search
feature were accounted for in the IF calculatiohie.used Scopus instead of Thomson Scieniduznal Citation Reports (JCR)
because the latter covers only 18 of the 42 souncggestion in comparison to 34 in Scopus. Wedowlt calculate the impact
factor for eight conference proceedings becauseowérage irregularities by Scopus and/or becaus®e gwoceedings are
published once every two years instead of annu@thg correlation between IF scoresJ@R and those in Scopus of the 18
tittes commonly covered by both sources was foumce statistically significant with Spearman rankles correlation
coefficient of 0.876.

*2007 IF.

**2004 IF.
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Table 6. Citation counts and rankings of resear cher s (1996-2007)

Name Web of Science Scopus Difference Union of Web of
Science and Scopus
Count Ranking Count Ranking Count Ranking Count Ranking
(Per cent)
Rogers* 753 1 1,229 1 476 (63% 0 1,319 1
Benford* 572 3 1,179 2 607 (1069%9) 1 1,244 2
Rodden* 577 2 1,075 3 498 (86% -1 1,138 3
De Roure* 421 5 764 4 343 (81% 1 834 4
Gaver* 427 4 704 5 277 (65% -1 753 5
Friday* 348 8 649 6 301 (86%) 2 677 6
Schmidt 329 9 607 7 278 (84% 2 654 7
Gellersen* 311 10 591 8 280 (90% 2 627 8
Cheverst 352 7 586 9 234 (6699) -2 618 9
Steed* 354 6 584 10 230 (65% -4 615 10
Chalmers* 256 11 414 11 158 (62%) 0 442 11
Crabtree 136 14 326 12 190 (140%) 2 334 12
Stanton-Fraser 197 12 305 14 108 (55%) -2 320 13
Brown 155 13 308 13 153 (99% 0 318 14
Fitzpatrick* 98 17 209 15 111 (113%) 2 227 15
Muller* 113 15 199 17 86 (76%) -1 212 16T
Weal 102 16 203 16 101 (99% -1 212 16T
Randell 81 18 171 18 90 (111% 0 179 18
Izadi 68 19 160 19 92 (135% 0 168 19
Barkhuus 60 20 125 20 65 (108%) 0 130 20
Schnéadelbach 38 21 85 21 47 (124%) 0 87 21
Price 31 22 68 22 37 (119% 0 69 22
TOTAL (excluding | 4 4 6,919 2,908 (73%) 7,439
overlap)

*Principal Investigator.
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Table 7. Differ ences between Scopus and Web of Science in terms of top citing entities of the three
most cited researchers

Resear cher Web of Science Scopus %
Mismatch
Top Citing Authors
Benford Pilar Herrero (10) Pilar Herrero (13)
Chris Greenhalgh (6) Ling Chen (10)
Ling Chen (5) Andy Crabtree (10) 64%
Jin Zhang (5) Azzedine Boukerche (8)
Paul Luff (4) Carl Gutwin (7)
Minh Hong Tran (4)
Rodden Steve Benford (6) Andy Crabtree (14)
John M. Carroll (5) Steve Benford (10)
Yvonne Rogers (5) Paul Dourish (8)
Jeremy N. Bailenson (4) David Martin (7)
Paul Dourish (4) Jeremy N. Bailenson (5)
Yan Huang (4) Barry Brown (5) 56%
Paul F. Marty (4) Alan Dix (5)
Rahat Igbal (5)
Marianne Petersen (5)
Yvonne Rogers (5)
Michael B. Twidale (5)
Rogers Andrew Large (6) Andrew Large (7)
Peter C. -H. Cheng (4) Gloria Mark (6)
Marian Petre (4) Mark J. Weal (6)
Yin-Leng Theng (4) Paloma Diaz (5) 85%
Daniella Petrelli (4) John D. Fernandez (5)
Ping Zhang (4) Athanasis Karoulis (5)
Toni Robertson (5)
Top Citing Sour ces
Benford Presence: Teleoperators and Virtual Environmentys (5 | CHI Conference (58)
UbiComp (21) Presence: Teleoperators and Virtual Environmenty (5
International Journal of Human-Computer Studieg (15 | Int. Conf. on Collaborative Virtual Environment§3 80%
Interacting with Computers (14) Computer Supported Cooperative Work (31)
Personal and Ubiquitous Computing (11) IEEE Virtual Reality Conference (22)
Rodden Presence: Teleoperators and Virtual Environmer@s (2 | Computer Supported Cooperative Work (59)
International Journal of Human-Computer Studied (24 | CHI Conference (54)
UbiComp (23) ACM Conf. on Computer Supported Cooperative Work 60%
Interacting with Computers (20) (33)
Personal and Ubiquitous Computing (17) Presence: Teleoperators and Virtual Environmenty (2
International Journal of Human-Computer Studieg (23
Rogers International Journal of Human-Computer Studieg (51 | International Journal of Human-Computer Studie$ (49
Interacting with Computers (51) Interacting with Computers (48)
Behaviour & Information Technology (26) CHI Conference (30) 20%
JASIST (21) Behaviour & Information Technology (27)
Computers & Education (18) JASIST (19)
Top Citing I nstitutions*
Benford University of Nottingham (33) University of Nottingham (80)
University of Sussex (14) University of Ottawa (23)
Lancaster University (11) University College London (21)
Universidad Politécnica de Madrid (10) Zhejiang University (19) 67%

King's College London (8)

Fraunhofer-Gesellschaft (16)
Georgia Institute of Technology (16)
Lancaster University (16)
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Rodden Lancaster University (31) University of Nottingham (47)
University of Nottingham (21) Lancaster University (45)
Fraunhofer-Gesellschaft (9) Georgia Institute of Technology (19) 60%
Intel Corporation (8) University of Aarhus (14)
University of lllinois at Urbana-Champaign (7) University of California at Irvine (14)
Rogers University of Sussex (14) Indiana University Bloomington (20)
Loughborough University (13) Open University (19)
University of Nottingham (13) University of Sussex (19) 9%
McGill University (12) University of Nottingham (14)
Open University (12) Loughborough University (13)
McGill University (13)
Top Citing Countries
Benford United Kingdom (158) United Kingdom (312)
United States (127) United States (234)
Germany (30) China (69) 40%
Japan (28) Japan (65)
Australia (25) Canada (52)
Rodden United Kingdom (158) United Kingdom (286)
United States (117) United States (235)
Germany (36) Germany (53) 40%
ltaly (25) Sweden (44)
Australia (23) Canada (43)
Rogers United Kingdom (240) United Kingdom (354)
United States (171) United States (283)
Canada (37) Canada (61) 20%
Scotland (35) Australia (60)
Australia (34) Germany (48)

The figures in parentheses refer to number ofionat

* The percentage of mismatch would have been eighehhad we removed citations from the home imt#tih of the researchers.
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Table 8. (2008) h-index scor es of resear chers (entire car eer)

Web of Science Scopus Union of Web of Per cent of difference
Science and Scopus between system and
System | Manual System Manual | System | Manual mamtﬁli gr(])t:jn;tgf the
count count count count count count
Benford* 7 14 12 22 12 24 100%
Rodden* 5 13 12 19 12 21 75%
Gaver* 3 14 8 20 8 20 150%
De Roure* 6 12 8 17 9 19 111%
Rogers* 7 11 9 15 9 17 89%
Steed* 6 11 10 16 10 16 60%
Gellersen* 6 8 10 14 10 15 50%
Schmidt 5 9 9 14 9 15 67%
Chalmers* 2 7 8 13 8 13 63%
Cheverst 5 9 7 12 7 13 86%
Crabtree 2 7 8 13 8 13 63%
Friday* 4 9 7 13 7 13 86%
Stanton-Fraser 5 8 7 10 7 11 57%
Brown 4 6 6 10 6 10 67%
Fitzpatrick* 5 5 9 5 10 100%
Weal 2 6 5 9 5 10 100%
Muller* 2 6 3 9 3 9 200%
Randell 1 5 4 9 4 9 125%
Izadi 1 5 4 8 4 8 100%
Schnéadelbach 0 4 4 6 4 7 75%
Barkhuus 1 5 2 6 2 6 200%
Price 2 3 2 6 2 6 200%
AVERAGE 35 8.0 6.8 12.3 6.9 13.0 89%

*Principal Investigator.
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Table 9. Comparison of h-index scores and rankings between Scopus and Web of Science and
Google Scholar (entire career)

Resear cher Union of Web of Science and Google Scholar Per cent of difference
Scopus in scores
Score Rank Score Rank
Benford* 24 1 38 1T 58%
Rodden* 21 2 38 1T 81%
Gaver* 20 3 32 3 60%
De Roure* 19 4 27 4T 42%
Rogers* 17 5 27 4T 59%
Cheverst 13 9T 25 6T 92%
Gellersen* 15 7T 25 6T 67%
Steed* 16 6 25 6T 56%
Schmidt 15 7T 24 9 60%
Friday* 13 9T 23 10 7%
Chalmers* 13 9T 21 11 62%
Crabtree 13 oT 20 12 54%
Brown 10 14T 18 13 80%
Fitzpatrick* 10 14T 17 14 70%
Muller* 9 17T 15 15T 67%
Stanton-Fraser 11 13 15 15T 36%
Weal 10 14T 14 17 40%
Randell 9 17T 13 18 44%
Izadi 8 19 12 19 50%
Schnéadelbach 7 20 9 20 29%
Barkhuus 6 21T 8 21T 33%
Price 6 21T 8 21T 33%
AVERAGE 13.0 20.6 59%
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