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ABSTRACT 
 

 

The accelerated development of information technology, especially the rapid growth of the 

Web, is changing the circumstances and consequently the structures and processes of scholarly 

communication. Since the Internet as a powerful communication medium has radically improved 

the efficiency of communication, scholarly communicative activities are increasingly being 

conducted over the Internet:  interacting with peers, searching for information, publishing 

research results, etc. As a result, there is renewed interest in the study of scholarly 

communication to see the types of communication that are taking place and the similarities to 

what we have come to expect from print based communication. New data sources and tools for 

scholarly communication research are becoming increasing available on the Web as well. These 

data and tools have opened up the possibility of new topics of inquiry applying new methods 

leading to new theories (Borgman, 2002; Zhao & Logan, 2002). 

The present study explores this possibility through an author citation analysis of scholarly 

communication patterns in the eXtensible Markup Language (XML) research field using data 

both from the Web as indexed by ResearchIndex (http://www.researchindex.com) and from print 

journals as indexed by the Institute for Scientific Information (ISI)�s Science Citation Index 

(SCI). A series of citation analyses including author visibility analysis and author co-citation 

analysis have been conducted, and comparisons of results from the two data sources have been 

carried out controlling for data scope and citation counting method respectively, to identify the 

similarities and differences between Web-based and print journal-based scholarly 

communication as revealed by citation analysis and to reveal the capacity of scientific papers 

published on the Web along with existing citation indexing tools for Web publications as an 

alternative data source to the ISI databases for citation analysis studies. Meanwhile, publications 

and characteristics of three groups of highly visible authors have been examined and compared �

� authors highly visible both on the Web and in journals, those only in journals, and those only 



xii  

on the Web, to ascertain the possible contributing factors to the differences identified from the 

two data sources. Based on these, the present study also explores possible improvements of data 

sources and tools on the Web and the requirements for a problem solving environment (PSE) for 

scholarly communication research. 

XML is one of the most promising research areas and also one of the research fields that 

has taken an early move to online publishing. Through a series of citation analyses of the XML 

research field, the present study identifies the ideas and thinkers that have influenced the 

conceptual development within the field, the sub-areas in this field that appear to be more active, 

and the interrelationship of the sub-areas and of core researchers.  

Findings from this study indicate that the XML research field is a coherent research field in 

which scholars are well interconnected through intellectual and social ties. Researchers in this 

field are communicating research results heavily on the Web, especially results from studies at 

the research front. The two groups of XML scholars who actively publish on the Web or in 

journals share very few publications, and are concerned with different issues. While all study 

XML related standards or specifications and XML database design and implementation, research 

on XML applications is a focus only in journals, and research into the Semantic Web and 

programming for and processing of XML data is better represented on the Web. It appears that 

while emerging specialties such as the Semantic Web are more visible on the Web, new trends in 

long-existing specialties such as Software agents are well represented in journals.  

However, these two groups have similar citing behavior and their collective view of author 

visibility and the intellectual structure of the research field is very similar as well. This is 

indicated by the very high correlation between author ranking by number of citations resulting 

from ResearchIndex and that from SCI when the same citation counting method was used. This 

is also suggested by the similar relative locations of specialties, to which both groups have 

contributed, on the maps resulting from Multi-Dimensional Scaling (MDS) of the two data 

sources.  

Conclusions can be drawn from the findings that evaluation of scholars and examination of 

intellectual structures based on the collective view of citers on the Web should be considered as 

equally valid as those based on citers� view in journals, provided the discipline being studied is 

well-published on the Web. In order to gain a complete picture of the scholarly communication 
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patterns in the XML research field, multiple data sources should be used rather than only the ISI 

databases or ResearchIndex. 

These findings also seem to evidence a  �two-tier system� in scholarly communication that 

is believed by some scholars to be a probable future model of the scholarly communication 

system (Poultney, 1996; van Raan, 2001). In this model, the first tier is a �free space� which 

represents the scholarly enterprise in �real time� and is most likely to feature free Web-based 

publications, while the second tier is the world of more formal publications that is most likely to 

continue to be dominated by journals (van Raan, 2001, p. 61). In other words, in this model, 

research would largely be initially reported on the Web to obtain priority and fast recognition 

and then gradually distributed through other more formal channels such as journals to gain 

formal acceptance. 

Data sources and tools increasingly available on the Web have opened up the possibility of 

new topics of inquiry applying new methods leading to new theories. However, they currently do 

not cover as many disciplines and are not as easy to use as the ISI databases. These are some of 

the aspects in scholarly communication systems that need to be improved and to which citation 

analysis can contribute. A well designed problem solving environment (PSE) for scholarly 

communication research can be a solution. The preliminary exploration of such a PSE in the 

present study is a start and hopefully will lead to a full discussion in the future.  
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INTRODUCTION 

 

 

The amount of scientific publication on the Web has grown dramatically over the last few 

years. As an example, research papers on XML (eXtensible Markup Language) as indexed by 

ResearchIndex �� a tool available on the Web that automatically indexes research papers of all 

types in computer science found on the Web �� have increased about 154% from November 

2000 to November 2001. The Web has become a new and powerful medium for scientific 

communication. 

Communication plays an important role in science. Garvey (1979) calls scientific 

communication �the essence of science.� Meadows (1974, p. ix) stresses that communication is 

as �vital for research as the actual investigation itself.� And Cole and Cole (1973, p. 16) view 

communication as �the nervous system of science �� the system that receives and transmits 

stimuli to its various parts.� It is through communication that scientific discoveries come to be 

known and as a result have some impact on the development of science. It is also through 

communication that scholars� contributions get evaluated and recognized by peers. In other 

words, communication is the basis of the reward system of science which provides incentive for 

scientific research (Merton, 1979). 

The importance of communication in science has drawn attention from a diverse group of 

researchers including sociologists of science, communication researchers, historians of science 

and information scientists. They have contributed to the study of scholarly communication from 

different perspectives for different purposes. Some have attempted to build models of 

information flow in scholarly communication systems in order to improve the effectiveness and 

efficiency of information systems (Garvey, 1979), whereas others have tried to understand how 

social organization among scientists facilitates or inhibits scholarly communication processes 

(Crane, 1972). Some have examined the structure and process of scholarly communication 

through formal channels such as the journal (Small & Griffith, 1974), while others have explored 
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what is accomplished by the circulation of scientific information on an informal basis (Crawford, 

1971).    

Citation analysis is a well-known technique that has long been used to study scholarly 

communication. It looks at citation links among scientific publications to examine the formal 

aspects of scholarly communication as demonstrated in literature, based on the assumption that 

citations represent the citing authors� use of previously published work. Citation analysis has 

been applied to such issues in the study of scholarly communication as examining the 

characteristics and the evolution of scholarly communities and networks (Ding, 1999; Small, 

1990; White & McCain, 1998), evaluating scholarly contributions (Meho & Sonnenward, 2000), 

and studying the diffusion of ideas (Rogers & Cottrill, 1990). Borgman (1990) provides a good 

review of this. The advent of the Institute for Scientific Information (ISI) databases including 

Science Citation Index (SCI) and Social Science Citation Index (SSCI) has dramatically advanced 

citation analysis theory and methods by providing data and tools for citation analysis studies.  

As the accelerated development of information technology, especially the rapid growth of 

the Web, is changing the circumstances and consequently the structures and processes of 

scholarly communication (more in some fields than in others), there is renewed interest in the 

study of scholarly communication to see the types of communication that are taking place and 

the similarities to what we have come to expect from print based communication. Citation 

analysis and other bibliometric techniques have also been successfully applied in studying this 

new phenomenon in scholarly communication. As Zhao & Logan (2002) point out, such 

applications roughly fall into three categories of study. One is to apply, often with modifications, 

citation analysis and other bibliometric principles and techniques to study the characteristics and 

link structures of the Web. Examples include studies on search engines making use of hyperlink 

structure (Clever, 1999), and so-called �Webometrics� studies (Almind & Ingwersen, 1997; 

Cronin et al., 1998, Dahal, 2000; Egghe, 2000; Larson, 1996a, 1996b; Rousseau, 1997; Turnbull, 

2000). The second category of studies looks at �electronic ingredients� in journal articles �� 

either in reference lists or in abstracts �� to see the impact of electronic publications on 

traditional print journal-based scholarly communication, which essentially belong to traditional 

citation analysis (Harter, 1996; Harter & Kim, 1996; Youngen, 1997; Lu, 1999; McCain, 2000).  

The third important category of study �� citation analysis using research papers published 

on the Web as a data source �� has recently begun (The Open Citation Project, 2001; Goodrum 
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et al., 2001; Zhao & Logan, 2002). Data and tools for citation analysis studies are increasingly 

available on the Web. These data and tools are different from those for print journals such as the 

ISI databases in that, among others, they use the Web as the communication medium, which 

affords higher speeds of communicating and wider distribution of information than the journal; 

they cover a wider range of document types such as degree theses, technical reports, conference 

papers, and preprints in addition to journal articles which may represent different stages in the 

scholarly communication process; and they contain more information on cited documents such as 

all authors, full titles and full names of sources as compared with the limited information (first 

authors only, no titles, abbreviations of source journal titles) provided by the ISI databases. 

These data and tools are opening up the possibility of various citation analysis studies such as 

comparative studies of communication patterns between Web-based and print journal-based 

publications, studies on information flows between the Web-based and the print journal-based 

communication, and re-examinations and developments of the theory and methods of citation 

analysis (Cronin, 2001; Goodrum et al., 2001; Zhao & Logan, 2002). Just as the advent of the ISI 

databases has greatly advanced the theory and broadened the applications of citation analysis, 

data and tools for citation analysis studies increasingly available on the Web may lead to another 

such advance. A pilot study (Zhao & Logan, 2002) was recently reported which explored this 

possibility, with interesting preliminary results, as it showed that studies using data and tools on 

the Web are now feasible. The preliminary findings also raised many further issues to explore, 

and the present study addresses some of these, building on the earlier study and seeking to 

further contribute to this area of inquiry.
1
 

The objectives of the present study are (1) to identify the similarities and differences 

between Web-based and print journal-based scholarly communication as revealed by citation 

analysis, and the contributing factors; and (2) to reveal the capacity of scientific papers published 

on the Web along with existing citation indexing tools for Web publications as an alternative 

data source to the ISI databases for citation analysis studies, and based on this, to explore 

possible improvements of such tools. A series of citation analyses of both print journal articles 

and publications on the Web, including author visibility analysis and author co-citation analysis, 

have been conducted. Comparisons of results from these two data sources have been carried out 

                                                 
1
 More detailed information about this pilot study such as its research questions, methodology and findings and how 

the present study builds on it will be given in corresponding chapters.  
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controlling for data scope and citation counting approach respectively. Meanwhile, publications 

and other characteristics of three groups of highly visible authors have been examined and 

compared �� authors highly cited both on the Web and in journals, those only in journals, and 

those only on the Web, to ascertain the possible contributing factors to the differences identified 

from the two data sources. This study may contribute to the understanding of the transition of 

scholarly communication from print to electronic format, to the advance of citation analysis 

theory and methodology, and to information organization and retrieval on the Web.  
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 CONCEPTUAL FRAMEWORK AND LITERATURE REVIEW 

 

 

The importance of communication in science has drawn attention from a diverse group of 

researchers including sociologists of science, communication researchers, historians of science 

and information scientists, making it a long established, broadly interdisciplinary research area. 

In her brief discussion of the history of its development, Borgman (2000, p. 412) states that 

�research on scholarly communication was intense throughout the 1960s and 1970s, with 

massive growth in the scientific enterprise, in scholarly publishing and libraries, and the 

expansion of universities.� Researchers have contributed to the study of scholarly 

communication from different perspectives for different purposes. While bibliometric studies, 

especially citation analysis studies, of scholarly communication experienced a blooming period 

during the 1980s, research on scholarly communication done in other areas �languished for 

nearly two decades, from the late 1970s to the mid-1990s� (Borgman, 2000, p. 413). In recent 

years, scholarly communication has received renewed interest due to the advances in information 

technologies, especially the advent of the World Wide Web, which are changing the 

circumstances of scholarly communication and therefore the structures and processes of 

scholarly communication. In Borgman�s words, �researchers are dusting off the old work on 

scholarly communication and viewing it in a new light� (Borgman, 2000, p. 413).  

Scope of scholarly communication research and the place of citation analysis 

According to Borgman (Borgman, 1990, p. 13; Borgman, 2000, p. 414), scholarly 

communication research is the  

study of how scholars in any field (e.g. physical, biological, social, and behavioral sciences, 

humanities, technology) use and disseminate information through formal and informal channels. 

The study of scholarly communication includes the growth of scholarly information, the 

relationships among research areas and disciplines, the information needs and uses of individual 

user groups, and the relationships among formal and informal methods of communication.  
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This definition of scholarly communication is broad in scope, covering a wide range of 

information and communication related phenomena in scholarly environments. It is interesting to 

see that the study of information needs and uses, a sub-area in information studies which is 

attracting more and more attention in recent years with the paradigm shift from system-centered 

to user centered orientations overlaps here with the study of scholarly communication. It is 

certainly an important topic in the study of scholarly communication to explore how information 

needs and uses of individual scholar groups affect their communication patterns. For example, 

Allen (1970) examines the communication behavior of scientists and technologists and finds that 

the many differences in information needs and uses between scientists and technologists greatly 

influenced their patterns of communication.  

With even wider coverage, Leah A. Lievrouw (1988) organized studies in scholarly 

communication into four distinct �programs,� namely �artifact studies, user studies, network 

studies, and laboratory studies� (p. 6), based on the assumptions underlying the studies. Artifact 

studies, including those on information growth, information flows and science indicators, assume 

that scientific information is �an objective commodity whose value is independent of its use� (p. 

9), and emphasize the formal aspects of scholarly communication. Assuming that �the value of 

scientific information lies in the ways that scientists and others use it� (p. 7), user studies 

emphasize the information needs and uses of scholars, including user studies in the context of 

information retrieval and studies of information use by scholars in various specialties. Network 

studies include citation analysis of scientific literature and sociometric studies of social structures 

in science. This type of study approaches scientific information as �a social link� (p. 7), which, 

together with communication, connects the components of social networks. Laboratory studies 

are based on the assumption that scientific information is �a social construction of scientists with 

its value completely dependent on the changing perceptions of those individual scientists� (p. 7), 

and therefore often employ ethnographic techniques to collect data, namely interviews or 

participant observation in the scientists� workplace. As we can see, the term �laboratory studies� 

is used here by Lievrouw to mean ethnographic field studies conducted in participants� natural 

settings rather than experimental studies conducted in labs. 

Two points in Lievrouw�s programs stand out. One is that the study of scholarly 

communication overlaps with that of information retrieval as searching for information from 

information systems is considered as a particular type of communication behavior displayed by 
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scholars. The other is that the study of scholarly communication is not only concerned with the 

structure of communication as indicated in most citation analysis studies and sociometric studies, 

but also with the process of communication better explored by ethnographic field studies. 

The study of information seeking by scholars is also considered by Diana Crane as a type 

of study on scholarly communication (Crane, 1970). Implying that scholarly communication 

studies seek to answer such questions as how scientific publications are utilized by scientists, 

what is accomplished by the circulation of scientific information on an informal basis, and how 

the social organization among scientists facilitates or inhibits these processes, Crane categorizes 

the studies conducted in this area into three types: studies of scientific literature, studies of social 

relationships among scholars and studies of information seeking by scholars. In other words, 

studies of scholarly communication include bibliometric studies of formal communication, 

sociometric studies of informal communication, and studies of how scholars obtain information 

in their research through both formal and informal communication. 

Based on current developments in scholarly communication research, Borgman (2002) 

refers to scholarly communication as the various communicative behaviors displayed by scholars 

in their creation of original scholarly works as writers, linkers, submitters and collaborators.  

Although the study of scholarly communication is broad in scope and a diverse group of 

scholars have contributed from different perspectives for different purposes, many studies have 

distinguished communication behavior between formal and informal domains (Lievrouw, 1988). 

Crawford (1971, p. 301), for example, refers to informal communication as �a person-to-person 

relation, in which a scientist selects out of the population other scientists to communicate with on 

aspects of his work� and formal aspects of scholarly communication as scholars� communication 

behavior demonstrated through scholarly publications including journals, books, abstracts / 

indexes and papers for well-established conferences. While informal communication is primarily 

studied using social network analysis methods based on sociometric data which record the 

frequency or strength of direct and indirect social choices or contacts and are often obtained 

through surveys and/or interviews, formal scholarly communication is primarily studied through 

bibliometric approaches which seek �to shed light on the processes of written communication 

and on the nature and course of development of a discipline (in so far as this is displayed through 

written communication), by means of counting and analyzing the various facets of written 

communication� (Pritchard, 1969, p. 348). Sociometric studies of scholarly communication are 
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primarily concerned with the changing structure of communications and social relationships 

associated with intellectual progress in specific scientific specialties or communities whereas 

biblometric studies focus on the literature structures and implied intellectual structures of 

scientific specialties.  

While one of the most frequently used methods in sociometric studies is social network 

analysis that �is focused on uncovering the patterning of people's interaction� (Freeman, n.d.), 

citation analysis is the best-known bibliometric technique that emphasizes the network aspects of 

formal scholarly communication, that is, intellectual relationships indicated by citation networks. 

The usefulness of citation analysis in the study of scholarly communication 

Citation analysis has a long history in the study of scholarly communication. It is 

important both because it has proven to be a valid approach to the study of various phenomena in 

formal scholarly communication and because it can aid other types of scholarly communication 

research such as sociometric studies. It has also found various applications in current digital 

environment. These three aspects of the usefulness of citation analysis in the study of scholarly 

communication will be reviewed and discussed in this section.  

Issues that can be addressed through a citation analysis approach 

As mentioned earlier, citation analysis methods have been applied to such issues in the 

study of scholarly communication as examining the characteristics and the evolution of scholarly 

communities and networks (Ding, 1999; Small, 1990; White & McCain, 1998), evaluating 

scholarly contributions (Meho & Sonnenward, 2000), and studying the diffusion of ideas (Rogers 

& Cottrill, 1990).  

1. Examination of the characteristics and evolution of scholarly communities 

�Citations are frozen footprints on the landscape of scholarly achievement� (Cronin, 

1984, p. 25). They represent the decisions made by citing authors regarding the relationships (for 

example, similarity in the subject, topic or methodology) between the documents they were 

writing (citing document) and the work they were about to cite (cited document). Therefore, 

citation analysis can be used to characterize scientific specialties and communities at some 

moment in time by mapping the structure of literatures through the relationships established by 

citations, and to model the historical development of specialties and communities by making 

comparisons between time periods. This type of citation analysis is sometimes referred as 
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relational citation analysis (Borgman, 2002). The assumptions underlying relational citation 

analysis are  (1) two articles being often cited together or having many references in common 

indicates some relation between these two articles, that is, generally perceived similarity of 

subject matter or of methodological approach, and (2) the more frequently two documents are 

co-cited or the more references two documents have in common, the more closely they are 

related (Borgman, 1990; White, 1990).  

In relational citation analysis, citation counts are used as indicators of the level of 

connectedness, or the strength of relationship between documents, authors, journals, or groups of 

them. From citation counts various scores may be derived which can be used to produce maps, 

graphs or networks of individuals positioned in a way that demonstrates their relatedness to one 

another (Borgman, 2002). Since a spatial representation of information, as Small (1999b, p. 799) 

points out, can �facilitate our understanding of conceptual relationships and developments,� such 

graphs, according to Borgman (2002, p. 11), �may then be used to inform descriptions and 

explanations of the historical and contemporary structure and direction of communication in 

particular organizations, domains, or geographical areas, and to assist in the making of inductive 

predictions of future trends.� Depending on the units of analysis (documents, authors, journals, 

etc.) and the citation / co-citation thresholds, both macro-structure �� the overall maps of the 

entire science with each dot on the maps representing a discipline �� and micro-structure �� the 

structures of a single specialty with each dot on the maps representing a single document �� of 

science can be mapped, allowing the user to get overviews of research areas and to explore the 

underlying fine structures as well (Small, 1999b). 

Co-citation analysis is the most commonly used relational citation analysis technique. In 

co-citation analysis, a set of items (authors, documents, journals, etc.) representing a research 

area is selected and relationships between them are analyzed using co-citation counts �� the 

number of times that two items have been cited together �� as similarity measures and 

multivariate analysis techniques as analysis tools, to reveal the intellectual structure of this 

research area and to infer the characteristics of the corresponding scientific community. 

It is generally accepted that the co-citation concept was discovered independently by 

Small (1973) and Marshakova (1973), and that document co-citation analysis was introduced by 

Small (1973) and author co-citation analysis by White & Griffith (1981). Many co-citation 

analysis studies have been conducted since. They either refine the techniques (Small 1974; Shaw 
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1985), or explore the applications of co-citation analysis in studying various research areas and 

in answering various research questions (Small 1977, 1981; White 1983; McCain 1984), or 

discuss the limitations of the techniques (Sullivan et al. 1977; Hicks 1987). Recent years have 

also seen studies of the application of advanced scientific visualization technology in citation 

mapping to dynamically present co-citation maps of science (see Small, 1999b, for a good 

review). As a result, co-citation analysis has developed into a well-known literature-based 

technique of studying the intellectual structure of scholarly fields and the characteristics of 

scholarly communities.  

2. Evaluation of scholarly contributions 

It is assumed that the existence of a cited document in a reference list implies its use by 

the citing author when the citing document was developed. And as Peritz (1992, p. 448) points 

out, since �it is generally accepted that the publication of research papers is part of the reward 

system in science and hence that citations are, in some sense, tokens of recognition,� the number 

of citations a paper receives �can be used as a rough-and-ready indicator of its merit �� granting, 

of course, variations in the citation�s importance and the inevitable amount of error and noise.� 

Similarly, the number of citations received by all publications in a journal or in a subject area, or 

by all publications by a scholar or all scholars in a scientific institution or in a nation, roughly 

indicates the impact of the journal, the scientist, the scientific institute, etc. Therefore, citation 

analysis is a legitimate and meaningful research tool in the evaluation of scholarly contributions. 

This type of citation analysis is sometimes referred as evaluative citation analysis (Borgman, 

2002). 

Evaluative citation analysis can be well described by substituting �citation� for �link� in 

Borgman�s discussion of evaluative link analysis as her link analysis is essentially a 

generalization from citation analysis (Borgman, 2002, p. 11-12):  

In evaluative link analysis, link counts are used as indicators or measurements of the level of 

quality, importance, influence, or performance, of individual documents, people, journals, groups, 

domains (subject areas, fields, or disciplines), or nations. …… Ranked lists can be produced on 

the basis of scores derived from link counts, thus allowing direct comparison of the influence of one 

individual (or group) with that of another. Such rankings may then be used to inform policies and 

decisions about the distribution of resources and rewards such as funding, prizes, tenure, or 

purchase agreements.  
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Citation analysis techniques have been widely used in the evaluation of scholarly 

contributions (Garfield, 1979). The best-known examples are ISI�s Journal Citation Report, 

which evaluates scholarly journals, and Garfield�s �citation classics� published regularly in 

Current Content, which are reports on highly cited documents �complemented by comments 

from their authors about the origin of the articles and their views of its subsequent impact� 

(Borgman, 1990, p. 19). 

3. Study of the diffusion of ideas 

The diffusion of ideas can be traced both through terminology and through citations. At 

the early stages of diffusion, as the idea is associated with the document in which it was first 

presented, the diffusion of that idea may be traced through citations. Borgman (1990, p. 20) 

provides some examples of the ideas traced through citations including the �double helix� 

(Winstanley, 1976), Shannon�s information theory (Dahling, 1962), and topics relevant to 

psychiatry originating in related fields (Davis, 1970). 

The value of citation analysis in sociometric studies of scholarly communication 

Although the present study will not conduct sociometric analyses, the value of citation 

analysis in sociometric studies of scholarly communication will be briefly reviewed here to 

reveal the full power of citation analysis. 

Sociometric studies of scholarly communication seek to reveal the structures of informal 

communication in particular scholarly communities. Such studies look at interpersonal 

interactions among scholars regarding their research and emphasize the social properties of 

scholarly communication (Lievrouw 1990).  

Citation analysis can aid sociometric studies of scholarly communication in identifying 

scholarly communities or specialties, in suggesting interesting points in the structure and process 

of scholarly communication that are worth further study by other methods, and in validating the 

results from sociometric data. 

1. Identifying scholarly communities or specialties 

Sociometric studies of scholarly communication seek to reveal the structures of informal 

communication in particular scholarly communities. How to identify a scholarly community is 

the first question to answer in all sociometric studies of scholarly communication.  

There are several ways of identifying scholarly communities in the study of informal 

communication, with each having limitations in terms of locating a complete list of members 
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(Crane 1969). One is to use publications in a certain specialty as indications of membership in 

the corresponding community. For example, Crane (1972) used a then most current bibliography 

compiled for the problem area studied to locate members of the subject area. Another way of 

locating members of scholarly communities to study is to use citation networks. For example, 

Mullins (1977) studied the social structures of two groups of authors of two highly co-cited 

documents on reverse transcriptase and Australia antigen and found that they formed social 

groups. A third method of locating members is to simply take grant recipients in a certain area or 

from some certain institutes as members. For example, Lievrouw (1987) used the principal 

investigators of grants awarded by the National Institutes of Health as members of the 

community studied. A fourth approach is to use the snowball technique as shown by Mullins� 

(1967, 1968) studies, in which a random sample of 50 biological scientists was first selected 

from American Men of Science and more members were then identified by sending a 

questionnaire to those already identified inquiring about their coworkers.  

As we can see, at least two out of the four approaches of identifying scholarly 

communities have to do with citation data: bibliographies and citation networks. 

Small (1980, p. 183) goes even further to explore whether it is possible for citation 

analysis to identify paradigms operationalized as a �consensual structure of concepts in a field� 

based on the assumption that �highly cited papers are �markers� or symbols of important 

concepts and methods in science and represent the current loci of consensus in the scientific 

community� (Small, 1977, p. 141). De May (1982, p. 130), on the other hand, doubts the ability 

of citation analysis for the �dissection of paradigms,� while he agrees that co-citation clustering 

is �a method for the detection of specialties.� 

2. Suggesting interesting points in the study of science and scholarly communication 

Bibliometric studies of scholarly communication examine the formal channels of 

scholarly communication �� the products of scholarship such as published articles �� to reveal 

its intellectual structures. Sociometric studies of scholarly communication look at the informal 

channels of scholarly communication in an effort to study its social structure. Although both 

types of studies can offer a lot to the understanding of the structures and processes of scholarly 

communication, it is usually necessary to combine these two in order to gain a large, rich 

characterization of communication processes, and to investigate such important issues in 

scholarly communication as the interaction and relationship between intellectual and social 
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structure and process in science and their impact on scientific development. Examples of such 

studies include some well-known work in the sociology of science such as Crane (1972) and 

Mullins (1973) that study changes in intellectual content and social structures at different stages 

of the development of specialties or disciplines, and Mullins et al. (1977) and Lievrouw et al. 

(1987) who compare sociometric and co-citation structures in certain research fields.  

3. Validating the results from sociometric data 

Although many citation analysis studies of scholarly communication use sociometric data 

to validate results from citation analysis studies, it seems to make more sense theoretically to 

validate results from sociometric studies using bibliometric data in general and citation analysis 

data in particular, as discussed in the quote below from Borgman (1990, p. 26-27).  

Because bibliometrics captures data on a scale larger than that of other social science methods, 

full validation of bibliometric results by other methods is virtually impossible. Conversely, however, 

we can use bibliometric data to validate other measures, such as sociometrics, because they use a 

subset of the respondents provided by bibliometrics. 

Citation links, citation analysis and information services in the Web context 

The Web as a powerful communication medium is revolutionizing the way information is 

exchanged. With information including research papers increasingly available on the Web, 

citation links and citation analysis principles have been used to develop value-added information 

services on the Web, and to study Web-related communication patterns.  

Information services 

Since information available on the Web has been increasing dramatically and chaotically, it 

has been and will continue to be of great importance to explore appropriate ways of organizing 

and searching the Web. Attempts of doing so include making use of citation links and citation 

analysis principles for information searching and browsing.  

It has been a tradition in scientific writing for writers to acknowledge each other by giving 

citations to related work. Citations represent the decisions made by citing authors regarding the 

relationships (e.g. similarity in the subject, topic or methodology, etc.) between the documents 

they are writing (citing document) and the work they are about to cite (cited document). 

Following citation links has been proven to be a unique and efficient way of finding related 

literature because, in this way, the relevancy is actually judged by authors of citing papers, and 
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documents can be located independent of language, keywords, and traditional knowledge 

classifications, which is of great value especially in interdisciplinary research. Citation analysis �

� the study of the relationships between the cited and citing documents established by citations �

� can be used to evaluate scholars, publications and institutes, and to identify emerging areas and 

trends of scientific research. The results of citation analysis studies can assist information 

seeking and scientific management. Citation indexes record and organize citation links in such a 

way as to allow easier and larger-scale citation analysis and navigation through scientific 

literature following citation links.  

Examples of value-added information services on the Web that make use of citation links 

or citation analysis principles include search engines, reference linking and citation indexing.  

Search engines. People have been relying on search engines to locate resources on the 

Web that meet their information needs. However, standard search engines that hunt only for 

specific words or terms often retrieve tens of thousands of pages, many of which are of low 

quality and unrelated documents. Because of this, it is of great importance to develop effective 

methods for information seeking that focus on the most authoritative among all documents, i.e. 

resources that are both high quality and relevant to users' information needs. Information seeking 

tools that apply citation analysis principles are such attempts. Google �� a well-known search 

engine that returns good hits �� is an example. Developed by Sergey Brin and Lawrence Page of 

Stanford University, Google applies an algorithm that has close ties to citation analysis. It 

implements a link-based ranking strategy which assigns a ranking to every web page based on 

�citations� the page receives �� the number of Web pages pointing to that page. The more 

locations pointing to the page, the higher its ranking. Using this and other similar ranking 

strategies, Google and some other search engines such as Clever are able to focus on resources 

that are both of high quality and relevant to users' information needs (Clever project, 1999).
2
  

                                                 
2
 The Clever search engine distinguishes two types of web pages: authorities and hubs. Authorities refer to those 

web sites that are deemed to be the best sources of information on a particular topic. Hubs are collections of links to 

these prestigious locations. A respected authority is a page that is referred to by many good hubs, and a useful hub is 

a location that points to many valuable authorities. For any query of a topic, Clever first obtains a list of 200 pages 

from a standard term-based search engine such as AltaVista. These pages are then augmented by adding all pages 

that link to and from them. For each of these, Clever assigns initial numerical hub and authority scores and "then 

refines the values: the authority score of each page is updated to be the sum of the hub scores of locations pointing 

to it; a hub score is revised to be the sum of the authority scores of locations to which it points. In this way, a page 

that has many high-scoring hubs pointing to it earns a higher authority score; a location that points to many high-

scoring authorities garners a higher hub score. Clever repeats these calculations until the scores have more or less 
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The Open Citation project, whose primary goal is to reference-link articles in the Los 

Alamos's online Physics Archive, has also built a search engine for the archive (http://cite-

base.ecs.soton.ac.uk/cgi-bin/search) that has the ability of ranking search results by citations 

(Brody et al., 2001). 

Reference linking. Electronic publishing is much more than just providing electronic 

copies of print publications. Emerging information technology can facilitate features that are not 

possible in print publications and that would enhance the value of the content published and the 

service provided to users. A good way to add value is to implement �actionable� links between 

references and the full text content they represent so that users can follow the logical links 

between articles at will naturally and efficiently as they read articles online. The Open Citation 

project (http://opcit.eprints.org) and CrossRef (http://www.crossref.org) along with OpenURL 

(http://sfx1.exlibris-usa.com/openurl.html) are such examples (Hitchcock et al., 1997, 2000; Van 

de Sompel & Beit-Arie, 2001). CrossRef is a collaborative reference linking service among 

publishers that enables participating publishers to create �actionable� links that lead from 

reference citations in the publishers� publications �to the online content cited by those references, 

typically located on a different server and published by a different publisher� (CrossRef, 2001).
3
 

The Open Citation project attempts �to hyperlink each of the over 100,000 papers in Los 

Alamos's unique online Physics Archive to every other paper in the archive that it cites� (Open 

Citation Project, 2000). Unlike CrossRef, which requires participating publishers to provide 

metadata for their publications and to create links for the references in their publications 

(CrossRef, 2001), the Open Citation Project is developing programs that automatically extracts 

metadata for both citing and cited articles from online full text documents in various formats and 

creates actionable links for the references (Bergmark, 2000). Such services have definitely taken 

                                                                                                                                                             
settled on their final values, from which the best authorities and hubs can be determined" (Clever Project, 1999, p. 

5). 
3
 CrossRef is essentially a registry-lookup service. As they publish journal articles, publishers submit metadata for 

each of their articles to CrossRef 's online Metadata Database (MDDB), in a format defined by an XML DTD. When 

they need to create effective links for the references in their own articles, publishers formulate queries for each 

reference in the defined format, and send those queries to CrossRef's online Reference Resolver (RR). The RR 

parses the queries, and then passes the resulting metadata to the MDDB. CrossRef's MDDB uses the metadata 

submitted to locate the article and find the article's DOI (Digital Object Identifier), and then returns the replies (with 

DOIs) to the queries to the RR, which then passes those replies to the inquiring publisher. With the DOIs the 

publisher can effect links in their publishing system that, through the DOI resolution system, take users to the 

website of the corresponding full text content (CrossRef, 2001; Van de Sompel & Beit-Arie, 2001).  

http://www.crossref.org/
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a step forward toward the realization of the dream of �linking each of the scholarly works ever 

published to every other paper that cites it or it cites� (Hitchcock et al., 1997; Cameron, 1998). 

Citation indexing. Reference linking allows information searching and browsing on the 

Web backwards in time through citation links �� from current papers to earlier papers cited by 

the current ones. Searching for documents published on the Web using citation links both 

backwards and forwards in time is facilitated by citation indexing tools, one good example of 

which is ResearchIndex (http://www.researchIndex.com) �� a SCI-like citation index on the 

Web.  Developed by the NEC Corporation Research Institute, ResearchIndex automatically 

locates and indexes research papers on the Web including PDF and Postscript documents which 

are usually not easily found by regular search engines. Although ResearchIndex is a SCI-like tool 

on the Web, there are several major differences between ResearchIndex and SCI: (1) As 

discussed in the Introduction chapter, document types covered by these two indexes and the 

media on which the indexed articles are published are different. (2) ResearchIndex is produced 

automatically while SCI is based on manual efforts. (3) ResearchIndex is full text in terms of 

citing articles while SCI is limited to abstract. (4) ResearchIndex provides more information than 

SCI about cited papers that are not indexed as citing articles: titles, all authors, abstracts, and 

number of times cited by articles in the ResearchIndex database. (5) Unlike SCI, ResearchIndex 

ranks the references in each paper by the number of citations they (references) themselves have 

received, and does not always present all cited papers to the user. (6) In addition to the types of 

data that SCI provides, ResearchIndex provides various other types of valuable information that 

SCI does not or could not possibly have: citation contexts, authors� homepages, citation 

distribution by years of the paper being currently viewed, and related papers based on various 

relationships such as co-cited papers, co-viewed papers and papers on the same websites 

(Lawrence et al., 1999). As a result, ResearchIndex is not only a valuable and unique information 

searching tool on the Web but also a useful citation analysis data source. It should be pointed out 

that, although the technology underlying ResearchIndex can be applied to other fields 

(Lawrence, 2000), ResearchIndex currently only covers broadly defined computer science 

research. And, according to Lawrence et al. (1999) and Goodrum et al. (2001), ResearchIndex 

only indexes documents from sources that are freely available to the public such as personal or 
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departmental websites, and does not cover e-print archives that do not allow robots or e-journals 

that require passwords or IP confirmation for access.
4
  

Citation database construction is also among the goals of Open Citation project. As 

Bergmark (2000, p. 15) points out, �citations are not necessarily a part of reference linking, but 

once reference data extraction has been implemented, it is tempting to move on to providing 

citation services.� 

Bibliometric Information Retrieval (IR) systems 

Citation indexes such as SCI and ResearchIndex play two important roles: they are both a 

unique IR system and a data source for citation study of science and technology. As mentioned 

earlier, results from citation analysis studies can not only help understand scholarly 

communication structures and processes but also aid information retrieval. For example, 

evaluative citation analysis results can help retrieve high quality documents and publications by 

core players (authors, institutes, countries, etc.), and relational citation analysis results can help 

expand queries through resulting clusters of documents, authors and subareas. ISI and 

ResearchIndex have demonstrated the value of incorporating citation analysis results into 

information retrieval systems by providing such information as the number of citations each 

document receives, co-cited documents, and various indicators of journal quality. The so-called 

bibliometric information retrieval systems seek to make full use of bibliometric techniques and 

results in helping solve problems currently faced by information retrieval systems (Ding et al., 

2000). These systems often use visualization techniques to dynamically present concept 

networks produced through some kind of word analysis such as co-word analysis and document 

or author networks created through co-citation analysis (Chen, 1999; Chen, Houston, et al., 1998; 

Chen, Martinez, et al. 1998; Ding et al., 2000). These networks can help the user to get an 

overview of the field and the interrelationships between concepts, documents or authors, which 

in turn helps query expansion and search refinement. However, a fully �bibliometrics aware� IR 

system that combines evaluative and relational bibliometric analysis results in aiding searching is 

still not available.  

                                                 
4
 ResearchIndex�s Autonomous citation indexing (ACI) system uses Web search engines to search for documents 

containing items in a list of over 200 keywords and phrases representing research topics in computer science and 

related fields such as computer engineering, software engineering, and information systems. It then downloads the 

documents located and converts those in PDF or Postscript format to text. Those documents with a reference or 

bibliography section are identified as research papers and each citation is parsed into fields such as title, author, year 

of publication, and page number. The citations are then normalized to detect variant spellings and varied citations to 

the same article (Goodrum et al., 2001). 
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Although it is not difficult to understand the benefit of bibliometric analysis (especially 

citation analysis) results in IR systems, research on bibliometric IR systems has been focused on 

word analysis and concept networks. The application of the best-known bibliometric technique �

� citation analysis �� in this area has not been fully explored, partly because most IR systems 

deal with data that does not include references. As full-text documents that do include references 

along with autonomous citation indexing tools are increasingly available on the Web, the 

obstacle imposed by data sources will disappear and such studies should increase, if not become 

a focus of IR research. 

Studies on Web-related communication patterns 

Scholarly communication is moving to a new model with the rapid development of 

information technologies especially those related to the Web. The application of citation analysis 

and other bibliometric techniques in the study of Web-related communication patterns falls 

roughly into three categories: webometric studies, patterns of electronic materials being cited by 

print journal articles, and communication patterns demonstrated in research papers published on 

the Web.   

Webometrics. Recent years have witnessed the emergence of a new research field that 

applies, often with modifications, citation analysis and other well-established principles and 

techniques in a field known variously as Bibliometrics, Scientometrics or Informetrics, to study 

the characteristics and link structures of the Web. This new field is called either Webometrics or 

Cybermetrics. As in Chu (2001), for the purpose of maintaining consistency, the terms 

�Webometrics� and �Bibliometrics� will be chosen to represent these two research fields 

correspondingly in the following review. 

With the rapid development of the Web and its strong impact on the way that information 

is produced, exchanged and used, the excitement associated with the idea of applying 

bibliometric techniques to the study of the Web structure has led to many studies in Webometrics 

(Almind & Ingwersen, 1997; Bar-Ilan, 2001; Bjorneborn & Ingwersen, 2001; Cronin et al., 1998, 

Dahal, 2000; Egghe, 2000; Larson, 1996a, 1996b; Rousseau, 1997; Turnbull, 2000).  

The development in Webometrics parallels that of bibliometrics as Chu (2001) points out. 

Web Impact Factor (WIF or Web-IF), sitation analysis and testing of bibliometric laws are three 

examples. Ingwersen (1998) introduced Web Impact Factor as a criterion for the evaluation of 

websites just as the Journal Impact Factor has been used for the evaluation of journals, and the 



19  

concept and its applications have been studied extensively (Smith, 1999; Thomas & Willett, 

2000). Sitation analysis, coined by Rousseau (1997), is a Web-based counterpart of citation 

analysis, which considers hyperlinks to and from other websites as �bibliographical citations� in 

traditional citation analysis. Sitation analysis has been explored in various studies such as 

Turnbull�s (2000) study of the structure of earth sciences, and the evaluative studies of 

institutions� websites (Chu, 2001; Cui, 1999; Vreeland, 2000; Boudourides et al., 1999; Thomas 

& Willett, 2000). Classic bibliometric laws, Bradford�s law, Lotka�s Law and Zipf�s Law, for 

example, have also been tested on the Web (Cui, 1999; Egghe, 2000; Rousseau, 1997).  

While many studies attempt to justify Webometrics, some problems associated with 

Webometrics in addition to those inherited from Bibliometrics have also been noticed and 

discussed (Bar-Ilan, 2001; Egghe, 2000; Chu, 2001; van Raan, 2001). These problems include 

the different nature of hyperlinks compared to traditional citations, lack of quality control on the 

Web, and the current search engines as unsatisfactory data collection tools for webometric 

studies. New directions of Webometrics have also been suggested by Bjorneborn & Ingwersen 

(2001). Most of these problems are not relevant to the present study because it deals with 

traditional citations in research papers rather than hyperlinks on any websites.  

Patterns of electronic materials being cited by print journal articles. The other 

category of studies looks at �electronic ingredients� in print journal articles �� either in reference 

lists or in abstracts �� to see the impact of electronic publications on traditional print journal-

based scholarly communication. Harter and Kim (1996) examine the impact of e-journals on 

traditional print journal-based scholarly communication by looking at the degree to which print 

journal articles cite electronic information in their reference lists. Youngen (1997) examines the 

citation patterns to e-prints in the Astronomy and Astrophysics literature. Lu (1999) looks at the 

changes associated with the Internet in activities such as citations of some high impact research 

oriented print journals, to explore the transition from the traditional paper world to the virtual 

world in formal scholarly communication.  McCain (2000) explores the extent of Web 

publication of electronic research-related information in the sciences by analyzing the citations 

of this information in abstracts of journal articles. All these studies found, among others, an 

increasing number of citations to electronically available data including research papers in e-

journals, eprint archives and on websites. Such studies essentially belong to traditional citation 

analysis. 
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Communication patterns demonstrated in research papers published on the Web. 

The third important category of study �� citation analysis using research papers published on the 

Web as a data source �� has already had a good start (The Open Citation Project, 2001; 

Goodrum et al., 2001; Zhao & Logan, 2002), although its importance has not been widely 

recognized. The Open Citation Project has conducted various citation analyses of the documents 

in the Los Alamos e-print archive to explore the patterns of scholarly communication 

demonstrated in the archive (The Open Citation Project, 2001). Goodrum et al. (2001, p. 662) 

discuss the significance of the movement of scholarly communication toward a new model in 

some fields �that emphasizes conference papers, preprint archives and the online availability of 

articles.� Seeing the importance of studying the new model and the possibility of using 

autonomous citation indexing tools on the Web in such studies, they compared the distributions 

of highly cited computer science documents by document type and publishing date identified 

from Web publications as indexed by ResearchIndex with those from SCI. They found that, as in 

journals, the most highly cited works on the Web overall are from books and journal articles 

although the majority of papers on the Web are conference papers. However, the percentage of 

conference papers in the highly cited works is much higher on the Web than in journals (15% vs. 

3%). Citations to current documents (1990-1999) were found to be much more common on the 

Web than in journals (42% vs. 5%). They also found a high degree of overlap of the highly cited 

works between the Web and the journals (11 out of top 25). With the primary goal of exploring 

whether citation analysis using scientific papers published on the Web as a data source is a 

worthwhile means of studying scholarly communication in the new digital environment, Zhao & 

Logan (2002) conducted an author citation and co-citation analysis and produced some 

preliminary results about the communication patterns in the XML field as revealed from 

publications on the Web indexed by ResearchIndex and about the differences between web-

based and print journal-based communication. Like Goodrum et al. (2001), they found more 

citations to conference papers and Web publications on the Web than in journals, and much 

overlap between highly cited authors on the Web and those in journals when straight counts are 

used. However, there appears to be very little overlap between citing papers on the Web and 

those in journals, and very little correlation between author ranks resulting from the Web and 

those from journals when different citation counting methods are used. They also found that, 

compared to journal articles, author co-citation analysis of Web publications produced clearer 
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pictures with respect to the intellectual structure of the XML research field. This study revealed 

the feasibility of citation analysis study of scholarly communication using research papers on the 

Web and associated indexing tools as a data source, and raised many interesting issues for further 

study such as what are the characteristics of scholars who are actively publishing on the Web and 

of those who are publishing in journals, what are the contributing factors to differences between 

web-based and print journal-based scholarly communication revealed by citation analysis, how 

to enhance the capacity of existing citation indexing tools for citation analysis, and whether 

results from the study of the XML field can be generalized to other fields. 
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RESEARCH QUESTIONS  

AND THE IMPORTANCE OF THE STUDY 
 

 

 

As mentioned earlier, the present study builds on a pilot study (Zhao & Logan, 2002). 

Some of the aforementioned issues for future study raised in the pilot study are among those 

research questions explored in the present study. The present study also further explores some of 

the issues that were touched upon by the pilot study in the hope of obtaining a systematic view of 

the phenomenon being studied. 

Research questions 

The present study seeks to address the following research questions: 

1. What can citation analysis of publications on the Web as indexed by ResearchIndex 

tell us about the communication patterns in the XML research field as indicated by 

the visibility of scholars and the intellectual structure? 

2. How are the communication patterns revealed from citation analysis of 

ResearchIndex data different from those revealed from Science Citation Index data? 

Is citation analysis of ResearchIndex data valid as an approach to the study of the 

visibility of scholars and the intellectual structure in the XML research field? 

2.1. Are there any significant differences between the intellectual structure of the 

XML research field identified from the Web publication citation analysis and 

that reported by ISI�s Science Citation Index? What are the contributing factors? 

2.2. Are there any significant correlations between the rankings of authors identified 

from the Web and those identified from ISI�s Science Citation Index in the field 

of XML research? What are the contributing factors? 

3. In what ways can existing citation indexing tools on the Web be improved to better 

support citation analysis study? What should be included in a Problem Solving 

Environment (PSE) for scholarly communication research? 



23  

Importance of the study 

This study may contribute to the understanding of the transition of scholarly 

communication from print to electronic format, to the advance of citation analysis theory and 

methodology, to information organization and retrieval on the Web, and to XML research. 

The transition of scholarly communication system from print to electronic. Although 

the print journal has served as the primary medium of scholarly communication for more than 

three centuries (Youngen, 1997; Borgman, 2000), the accelerated development of information 

technology, especially the rapid growth of the Web, is transforming the scholarly communication 

system by providing new and powerful media for communication. Since the Internet has greatly 

improved the efficiency of communication, more and more scholars are exchanging scientific 

information through the Internet, not only by email but also by publishing papers on the Web. In 

areas such as Physics and Computer Science, as Youngen (1997, p. 1) points out, �the Web is 

often the first choice for finding information on current research, for breaking scientific 

discoveries, and for keeping up with colleagues (and competitors) at other institutions.� The 

amount of scientific publication on the Web has grown dramatically over the last few years.  

This study examines the types of scholarly communication that are taking place on the 

Web in the XML research area �� one of the research fields that has taken an early move to 

online publishing �� and the differences and similarities to those we have come to expect from 

print based communication. Results from this study may shed light on the transition process of 

scholarly communication systems from traditional print based to Web-based communication. 

The advance of citation analysis theory and methodology. Most citation analysis 

studies have used the ISI databases such as SCI as data sources. The ISI databases have 

significantly contributed to the advance of citation analysis theory and methodology, but have 

also drawn considerable criticism and limited the further development of citation analysis theory 

and methods (Smith, 1981; Borgman, 1990; Garfield, 1979; Edge, 1979; MacRoberts & 

MacRoberts, 1989; Osareh, 1996). Two major criticisms are the problems caused by the ways in 

which the ISI databases treat multiple authorship, and the limited and biased coverage of the ISI 

databases. The ISI databases index only the first authors of cited documents, which affects the 

accuracy of citation / co-citation counts in citation analysis studies and, as a result, limits the 

application of citation analysis in the evaluation of scholarly contributions and in the study of 

intellectual and social structures of disciplines (Egghe & Rousseau, 1990; Garfield, 1979; 
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Lindsey, 1980; Long et al., 1980; MacRoberts & MacRoberts, 1989; McCain, 1988; Smith, 

1981; Stokes & Hartley, 1989). The ISI databases only cover journal articles selected by the 

ISI�s advisory boards of experts in each topic represented (ISI, 2000; MacRoberts & 

MacRoberts, 1989). The highly selective choice of journals means that what is included in the 

ISI databases is not a random sample but a selected group. This may have caused validity 

problems to citation analysis studies because citation analysis essentially builds on statistical 

techniques that may require random samples (MacRoberts & MacRoberts, 1989). The �journal 

only� coverage does not facilitate citation analysis studies of other types of publications such as 

conference papers and technical reports. As a result, such studies are often very limited in scale 

and therefore have low validity. ISI claims that its databases cover the most important part of the 

literature because the journal has served as the primary scholarly communication channel. 

However, this may not be true in humanities research and even in some fields in social sciences 

where documents other than journals are considered more important. And it is facing more 

challenges with recent developments in scholarly communication systems. As discussed earlier, 

the rapid development of information technology is revolutionizing the way that information is 

produced and exchanged. As a result, the scholarly communication system is changing to a new 

model which emphasizes preprints, conference papers and the online availability of research 

papers �� more in some fields than others (Goodrum et al., 2001). In physics or computer 

science, for example, the Web is often researchers� first choice for literature searching (Youngen, 

1997). This means that the study of scholarly communication patterns demonstrated in this part 

of the literature is increasingly important and that it becomes a more serious problem to use the 

�journal only� ISI databases as citation analysis data source. A systematic examination of these 

issues should contribute to the advance of citation analysis theory and methodology. 

The present study uses citation data and tools on the Web as a data source and compares 

results from citation analysis based on this data source and those based on SCI data. Although 

they may have their own problems (which will be discussed in a later chapter), citation data and 

tools on the Web do not seem to have the above-mentioned problems with the ISI databases. 

Therefore, findings from the present study may provide empirical data for some on-going 

debates on important theoretical and methodological issues in citation analysis such as those 

discussed above. The capacity of citation data and tools on the Web revealed by the present 
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study may also stimulate more in-depth citation analysis studies which combine Web data and 

ISI data. 

Information searching and organization on the Web. The value of citation links and 

citation analysis in enhancing information searching and organization on the Web has been 

discussed earlier. Examples of such attempts have also been reviewed which include the Google 

and Clever search engines, as well as the ResearchIndex and the Open Citation Project.  

The present study examines the capacity of the citation data indexed by ResearchIndex 

for citation analysis studies of scholarly communication and analyzes the requirements for a PSE 

for scholarly communication research, which may contribute to the design and development of 

such a PSE. A PSE for scholarly communication research would integrate the separate steps 

involved in citation analysis into �one smooth-flowing, economical machine process� (White, 

1990, p. 104), which may greatly assist citation analysis studies of various phenomena and lead 

to wider applications of citation analysis in information retrieval and in scholarly communication 

studies. Such a PSE would provide hookups for other Web services. As a result, it may cover a 

wide range of scientific publications on the Web including e-print archives, public departmental 

and personal web pages, and electronic journals, and may become an integrated part of other 

Web services such as digital libraries and search engines to help the user determine the 

relevance, quality and interrelationship of scientific papers encountered. Such a PSE would also 

apply advanced scientific visualization techniques to present citation networks at various levels 

(micro or macro), which may assist information searching, review and management on the Web 

(Small, 1999b). 

XML research. XML is one of the most promising research areas. Although the core of 

the XML research field belongs to computer science, XML technology has applications in a wide 

range of areas, making it a broadly interdisciplinary field of study. As discussed earlier, by 

mapping the structure of literatures through the relationships established by citations, and by 

making comparison between time periods, citation analysis can identify core sets of articles, 

authors, or journals of particular research fields, characterize scientific specialties, and model the 

historical development of science. The past several decades have seen a huge number of citation 

analysis studies of various research fields, from natural sciences to social sciences and 

humanities (Borgman, 1990, 2002; Smith, 1981; Garfield, 1979; White & McCain, 1989; 

Leydesdorff, 1989). The present study, which conducts a series of citation analyses of the XML 
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research field, can, from a unique point of view, help explain questions of which ideas and 

thinkers tend to influence the conceptual development within the field, what work is playing a 

central role in the field, which sub-areas in this field appear to be more active, and how the sub-

areas and researchers are interrelated.  

Operational definitions 

Most of the concepts and definitions used in the present study have been or will be 

introduced in context. Below is a summary of them for the purpose of clarity. 

Scholarly communication 

 By scholarly communication we mean that study of how scholars in any field (e.g. physical, 

biological, social, and behavioral sciences, humanities, technology) use and disseminate 

information through formal and informal channels. The study of scholarly communication includes 

the growth of scholarly information, the relationships among research areas and disciplines, the 

information needs and uses of individual user groups, and the relationships among formal and 

informal methods of communication (Borgman, 1990, p. 13; 2000, p. 414). 

Formal scholarly communication 

Scholars� communication behavior demonstrated through published literature.  

Informal scholarly communication 

�Informal communication entails a person-to-person relation, in which a scientist selects 

out of the population other scientists to communicate with on aspects of his work� (Crawford, 

1971, p. 301). 

Author citation counts 

The total number of times an author�s works are cited; �can be used as a rough-and-ready 

indicator of its merit �� granting, of course, variations in the citation�s importance and the 

inevitable amount of error and noise� (Peritz, 1992, p. 448). 

Straight citation counts 

Author citation counts that are based on only first authors. That means that only the first 

author�s citation counts would increase by 1 when an article with N authors is cited. Is used in 

most SCI-based citation analysis when only the first authors are available for counting. 

Complete citation counts 
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Author citation counts that are based on all authors and equal allocation of credit among 

all authors with each author having the full credit. That means that all the N authors� citation 

counts would increase by 1 when an article with N authors is cited. 

Fractional citation counts 

Author citation counts that are based on all authors and equal allocation of credit among 

all authors with each author having 1/Nth of the full credit. That means that all the N authors� 

citation counts would increase by 1/N when an article with N authors is cited. (Egghe & 

Rousseau, 1990) 

Author�s oeuvre 

An author�s oeuvre is defined in SCI-based citation analysis studies as all works in the 

ISI databases with the author as the first author (McCain, 1990). In the present study as in the 

pilot study (Zhao & Logan, 2002), since not only the first authors are considered, an author�s 

oeuvre is defined as all works in the databases used with the author as one of the authors.  

Co-citation counts 

The number of times two authors are co-cited. Two authors are considered to be co-cited 

when at least one document in each author�s oeuvre occurs in the same reference list. With the 

definition of an author�s oeuvre in the present study, two authors are also considered to be co-

cited when the paper co-authored by them is cited; provides a similarity measure of pairs of 

authors. 

Author co-citation analysis 

Author co-citation analysis belongs to relational citation analysis. In author co-citation 

analysis, a set of authors representing a research area is selected and relationships between them 

are analyzed using co-citation counts as similarity measures and multivariate analysis techniques 

as analysis tools, to reveal the intellectual structure of this research area and to infer the 

characteristics of the corresponding scientific community. 

Citation window 

The time period of the citing documents used in the citation analysis study. For example, 

a citation window specified as �year M to year N� means that all the citing documents used in 

the citation analysis study were published between year M to year N inclusive.  

Highly visible authors 
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Authors who are top ranked by number of citations or by number of publications, 

depending on the context in which this term is used. Also referred to in the present writing as 

�top ranked authors� or �highly cited authors� when talking about cited authors.   

Abbreviations 

ISI is the abbreviation for the Institute for Scientific Information. 

MDS stands for Multi Dimensional Scaling. 

PSE stands for Problem Solving Environment. 

SCI is the abbreviation used for Science Citation Index which is one of the ISI databases. 

SGML stands for Standard Generalized Markup Language. 

W3C stands for World Wide Web Consortium. 

XML stands for eXtensible Markup Language. 

Delimitations 

While various citation analysis techniques may be used to explore the research questions, 

the present study is essentially an author citation and co-citation analysis, that is, using the author 

as the unit of analysis. Other types of analysis unit such as document, journal and institute were 

not used. According to White (1990), the use of authors as the unit of analysis has three 

advantages when compared with documents. (1) Data collection is easier as the names of 

prominent authors is the only thing needed. (2) To characterize an entire field, far fewer author 

names are needed than the number of documents, and citation windows can be smaller as author 

citation counts are usually higher than document citation counts. (3) The �use of authors as the 

unit of analysis opens the possibility of exploring questions concerning both perceived cognitive 

structure and perceived social structure of science� (White, 1990, p. 85).  

As is well-known, a citation index can serve as both information searching tool and citation 

analysis tool. How to improve existing citation indexing tools on the Web is only discussed in 

the present study in terms of citation analysis, although these improvements may also have an 

impact on or implications for the enhancement of other functions. 

The development of a PSE is a complex multi-phase process, including requirements 

analysis, specifications, design, implementation and maintenance. The exploration of a PSE for 

scholarly communication research in the present study is limited to the requirements phase, 

which can be derived from the citation analyses conducted in the present study. Other phases are 
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set aside for another project in the future.



30  

 

 

 

METHODOLOGY 

 

 

This chapter presents the methodology used in the present study. It starts with an in-depth 

discussion on citation analysis �� the primary data collection and analysis method in the present 

study, followed by a discussion on the design of the study, the data collection procedures and the 

data analysis techniques and measures chosen in the present study.  

Method 

Citation analysis is the primary data collection and analysis method in the present study.  

Validity and reliability 

Citation analysis has proven to be a reliable and valid approach to the study of formal 

scholarly communication.  

As mentioned earlier, there are two basic assumptions underlying citation analysis 

(White, 1990). (1) Citations represent the citing authors� use of the cited work. The more 

citations a document receives, the more influence it has on the research. Evaluative citation 

analysis �� evaluation of scholars, journals, institutions, etc. �� is based on this assumption. (2) 

Two articles being often cited together or having many references in common indicates some 

relation, i.e. generally perceived similarity of subject matter or methodological approach, 

between these two articles. The more frequently two documents are co-cited or the more 

references two documents have in common, the more closely they are assumed to be related. 

Relational citation analysis �� the study of structures of literatures and disciplines �� is based on 

this assumption. Other types of citation analysis are essentially variations of these two basic 

types of analysis. For example, citation counts have been used as an indicator of the extent of the 

diffusion of scientific discoveries, and co-citation strength has been used as a similarity measure 

in visualization of science by citation mapping.  

Most types of citation analysis are informed by Merton�s normative view of science 

(Griffith, 1990; MacRoberts & MacRoberts, 1989; Edge, 1979; Cronin, 1984; Peritz, 1992), 
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which sees science as a social activity governed by a set of norms such as �universalism� �� the 

impersonality of science, �communism� �� scientific knowledge being treated as a common 

good communicated and distributed freely, �disinterestedness� �� �science for science�s sake� 

(Cronin 1984, p. 17), and �organized skepticism� �� new knowledge claims being evaluated 

critically and objectively based on empirical or theoretical evidence (Merton, 1942). Citation is 

considered to be a serious activity of science and therefore citation behavior is also governed by 

a set of norms and values. These norms and values require authors to cite the works that have 

influenced them in the development of current papers in order to give credit where credit is due. 

Although they may not be clear why they cite certain works at certain times and how citations 

are related to the ideology of science �� �the norms and values presupposed in the conduct of 

science� (Trancy, 1980, p. 191) �� authors share �a tacit understanding of how and why they 

should acknowledge the works of others� (Cronin 1984).  

The normative view of science is compatible with the assumptions underlying citation 

analysis, and therefore makes it possible to conduct valid citation analysis, although it has been 

observed that scientists� behavior does not always adhere to the norms, and that, in terms of 

citation behavior, various reasons and motivations for citing exist �� some normative, some 

egoistical (see Cronin, 1984, for a good review). The observed departure of scientists� behavior 

from the norms and the existence of egoistical citations do not invalidate citation analysis for 

several reasons. 

First, the failure of scientists to observe norms strictly does not necessarily mean 

violations of norms. Norms are standards �that are not rigidly defined or precisely restricted to a 

single specific behavior. They are far too deeply embedded to be easily legislated into a code of 

ethics for science or to be taken out for daily discussion and assessment. Private and consensual 

discomfort are the usual response to violations of norms and are also important indicators of their 

presence� (Griffith, 1990, p. 35).  

Second, most scholars do adhere to the norms and citation analysis is based on the 

collective perceptions of citing authors. As Small (1976) observes, �the reasons and motivations 

for citing appear to be as subtle and as varied as scientific thought itself, but most references do 

establish valid conceptual links between scientific documents� (p. 67). Individual citations may 

be made for various reasons that do not confirm to the norms (egotistical citations in Borgman�s 

(2002) words), but the number of such citations is not likely to become large enough to influence 
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conclusions of citation analysis because most subsequent writers do not recurrently see the same 

influence or relation implied by such citations (White, 1990). Therefore, the piling up of citations 

/ co-citations indicates a consensus among a large number of citing authors regarding the 

influence of and the relationships between scholars and scholarly works. Citation analysis, which 

is concerned with �achieving a macro perspective on scholarly communication process through 

the use of voluminous datasets� (Borgman 1990, p. 26), relies on this consensus to draw 

conclusions in evaluation of scholarly contributions and in mapping of intellectual structures, 

rendering the �psychological approach� (White, 1990) that is concerned with the motives and 

purposes of individual citations irrelevant.   

Third, numerous validation studies of citation analysis provide evidence that the 

assumptions underlying citation analysis are statistically valid. There are many empirical studies 

that test and verify the validity of citation analysis by various methods. Garfield (1979, p. 241) 

mentions several validation studies of citation analysis as an evaluation tool in his book Citation 

Indexing, including Carter (1974), Bayer & Folger (1966) and Virgo (1977), that show the high 

correlations between citation counts and peer judgments, a widely accepted way of ranking 

scientific performance. White (1990, pp. 101-102) summarizes some validation studies of co-

citation analysis including Mullins et al. (1977), Sullivan et al. (1980) and Sullivan et al. (1977), 

which established the usefulness of article co-citation mapping despite its limitations, and Keen 

(1987), Lenk (1983), McCain (1986), White & Griffith (1981) and White (1983), which validate 

results from author co-citation analysis using various validation approaches. McCain (1986) 

categorizes validation studies of co-citation results by validation methods used, showing that 

most studies demonstrate a high correlation between results from citation analysis and those 

from other sources although in some cases a lack of correlation was observed. Borgman (1990) 

stresses the importance of comparing the research objectives or motives when comparing results 

from citation analysis and those based on other types of data such as sociometric data and 

interview data in validity studies. In many cases, the lack of correlation between the results is 

because they are measuring different domains of scholarly communication (formal vs. informal) 

or they are looking at the same phenomena at different levels (micro-level vs. macro-level or 

�ground level� vs. �aerial view� using White�s term) or different time points (citation analysis 

reveals pictures of several years back due to the lag in publication while interviews give a up-to-

date pictures) (White, 1990, p. 91, p. 100).  
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Citation analysis is not only valid but also has high reliability because the data can be 

collected unobtrusively from readily accessible published records of scholarly communication 

and thus can be easily replicated by others. According to Borgman (1990, p. 25), reliability 

problems �generally can be identified and corrected by careful researchers,� although they do 

exist in individual data sources (Moed & Vriens, 1989; Rice et al., 1989). 

Critiques and defense 

Critiques of citation analysis (notably Edge, 1979; MacRoberts & MacRoberts, 1989) 

have focused on the assumptions underlying citation analysis, and on the sources of citation data 

(Osareh, 1996). Defense (notably Garfield, 1979; White, 1990) has focused on the irrelevance of 

the psychological approach to citation analysis and on the illogic of �quarrelling with imaginary 

opponents� (White, 1990, p. 91). The following is a brief discussion of these critiques and 

defense. 

Critiques of the assumptions are either quarrelling with an imaginary opponent or have 

mixed up the �aerial� and �ground-level� views of citations (White, 1990, p. 91). They attribute 

some assumptions to citation researchers which are rarely revealed by citation analysis studies 

(Borgman, 1990; White, 1990), and question other assumptions based on the existence of 

individual egoistic citations, missing the view that citation analysis is meant for large datasets 

and macro perspectives. For example, although studies (e.g. Mullins et al., 1977; Small, 1977; 

McCain, 1986) show that personal communication ties often do exist among frequently co-cited 

authors and that the structure of the literature is congruent with the social structure of the field 

producing it, citation researchers do not take it as a �given,� instead, they only assume that the 

relationship is �generally perceived similarity of subject or methodological approach in 

published and cited works,� and stress the independence of establishing social relationships that 

may exist among highly co-cited authors (White, 1990, p. 96). The only assumption revealed 

from Garfield�s monograph on citation indexing theory and application that underlies citation 

analysis as an aid in evaluating scholarly contributions is that citation counts represent the 

perceived utility or impact (perceived by the corresponding scientific community) of scientific 

work (Garfield, 1979). 

The problems with the sources of citation data include those that are characteristic of all 

sources of citation data and those introduced by using citation indexes. Some of the former 

include the difficulties in counting citations caused by homographs, synonyms, implicit citations, 
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self-citations, and errors in citations. Some of the latter include the problems caused by the way 

the ISI databases treat multiple authorship, and the limited and biased coverage of the ISI 

databases (see Smith, 1981 and MacRoberts & MacRoberts, 1989, for detailed discussions of 

these problems).  

As an imperfect method, citation analysis does suffer from the problems of sources of 

citation data. Even Garfield admits problems with ISI data while he refutes almost all the 

critiques of the validity of citation analysis in his systematic examination of the critiques of 

citation analysis as an evaluation tool. However, remedies often can be found to correct the data. 

For example, two solutions for distinguishing between two or more people with the same name 

are proposed by Garfield (1979, pp. 243-244): examining the titles of the journals in which the 

cited work and the citing work were published, and obtaining a complete bibliography of the 

person being evaluated. Various other methods have also been suggested, such as using author 

affiliation information to ease the problem caused by homographs or synonyms and using other 

data sources to avoid problems introduced by ISI databases (Zhao & Logan, 2002). 

In summary, regardless of the noise in citation data and the existence of egoistic citations, 

citation analysis has been demonstrated to be a unique and valid method for evaluating scholarly 

contributions and for studying intellectual structures. Garfield (1979, p. 250) considers citation 

analysis �a valid form of peer judgment that introduces a useful element of objectivity into the 

evaluation process and involves only a small fraction of the cost of surveying techniques.� 

Arunachalam (1998, p. 142) stresses that �citation analysis is an imperfect tool but which one 

could still use with some caveats to arrive at reasonable conclusions of different levels of validity 

and acceptability.� It is generally accepted that citation analysis is most useful when it is used in 

combination with other methods such as interview, survey and sociometric studies, and for 

people who are knowledgeable in the fields being studied (Borgman, 1990; Garfield, 1979). 

Strength and limitations 

Linda C. Smith (1981, pp. 84-85) discusses the strength of citation analysis: 

citations are attractive subjects of study because they are both unobtrusive and readily available. 

Unlike data obtained by interview and questionnaire, citations are unobtrusive measures that do 

not require the cooperation of a respondent and that do not themselves contaminate the response 

(i.e., they are nonreactive). Citations are signposts left behind after information has been utilized 

and as such provide data by which one may build pictures of user behavior without ever 
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confronting the user himself. Any set of documents containing reference lists can provide the raw 

material for citation analysis, and citation counts based on a given set of documents are precise 

and objective.  

In other words, the major strength of citation analysis is its unobtrusiveness, objectivity 

and reliability (Harter & Kim, 1996, p. 301). Low cost is another advantage of this method. 

The limitations of citation analysis in the study of scholarly communication have been 

extensively discussed in the literature (Garfield, 1979; White, 1990; McRoberts & McRoberts, 

1988). They include: (1) the possible inaccuracy of citation counts due to the noise in citation 

data, (2) the dependence of citation analysis on subject experts �� people who are knowledgeable 

in the fields being studied by citation analysis �� in interpretations of results,  (3) co-citation 

maps are only as good as the analyst�s choice of authors or documents and are never �up to the 

minute� due to lags in publication cycles including publication of citing articles and that of co-

citation analysis articles that use these citing articles as data sources (White, 1990), and (4) 

citation analysis is only applicable in the study of formal aspects of scholarly communication 

although informal communication ties and social relationships can often be inferred from the 

formal communication structures revealed by citation analysis.  

Steps of author co-citation analysis and associated techniques 

A fairly consistent sequence of steps has been developed for conducting co-citation 

analysis studies (De Mey, 1982; McCain, 1990b). According to McCain (1990b), the steps of 

author co-citation analysis consist of:  

1) Selection of the core set of authors for the study. 

This can be done based on citation counts, experts� evaluation, or other references which 

can identify the merit of authors such as who�s who, indexes, etc. 

For example, if one wants to do a co-author analysis in the Information Science (IS) 

research area, one could use SSCI to select a set of authors who have been cited most often in the 

Information Science research area during the past 20 years. One could also ask a number of 

experts in the Information Science research area such as all faculty in an IS department, to 

provide a list of the most influential authors from their perspectives. One would then compare 

the lists and make the final selection of the authors to be used in the co-citation study. One could 

also use Who�s Who in Library and Information Science to select the core authors. 

2) Retrieval of co-citation frequency information for the core set. 
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For each unique author pair from the core set of authors, a search is conducted by using 

the ISI databases including SCI, SSCI or A&HCI or other tools to get the co-citation frequency of 

that pair. 

3) Compilation of the raw co-citation frequency matrix. 

When the co-citation frequencies are put in a matrix, some rows and columns may 

contain many zero cells, which means that the authors corresponding to these rows and columns 

were not co-cited with many other authors, and therefore are not good representatives of the field 

to be studied by co-citation analysis. These authors and the corresponding rows/columns in the 

matrix are then deleted according to some criteria.  

4) Conversion of the raw frequencies into correlation coefficients. 

Raw co-citation counts can be very misleading if directly compared (Kreuzman, 2001). 

Thus, the raw co-citation data matrix is often converted to some kind of correlation coefficients. 

The Pearson�s r is the most often used correlation coefficient in the co-citation analysis practice. 

Many statistical software packages such as SPSS and SAS have routines to calculate Pearson�s 

r�s. This conversion appears to have a number of advantages because a Pearson�s r is a 

normalized measure of the similarity of two authors in terms of their entire co-citation records 

rather than individual co-citation counts, that is their co-citations with all other authors 

(Kreuzman, 2001).  

5) Multivariate analysis of the correlation matrix using techniques such as Factor 

Analysis (FA), Cluster Analysis (CA) and/or MultiDimensional Scaling (MDS).  

The goal of FA is to seek a small number of meaningful underlying factors that explain 

the relationships among a larger number of items. CA can organize the items into clusters with 

the objective of minimum relationship between clusters and maximum relationship within 

clusters. MDS results in the output of a spatial representation of the data consisting of a 

geometric configuration of points, in effect, a mapping of the information onto two or more 

dimensional planes. Although both FA and CA can organize items into groups based on 

similarity measures between the items, one of the differences between these two techniques is 

that FA allows individual items to appear in more than one group and indicates the level of 

associations between the items and the groups to which they belong while CA only places each 

item into one single group although some algorithms (hierarchical CA) provide information 

about the merging process of items into groups. 
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6) Interpretation of the resulting cluster or factor structure and MDS �maps� and 

validation. 

FA, CA and MDS make it much easier to identify relationships among authors by 

converting these relationships to the relationships among factors or clusters that are much 

smaller in number, and presenting them visually. Based on this, the interpretation can then be 

conducted and validation studied. 

The depth of interpretation depends on the knowledge the interpreter has about the 

research field being studied. However, there are some common points to explicate in the cluster 

or factor structures and MDS maps (two dimensional representation of author points) (White, 

1990): 

• Clusters or factors are interpreted as specialties or schools of thought in a research 

field. Naming of clusters or factors is based on examination of documents or oeuvres 

of authors in the clusters or factors manually or automatically (by computer 

programs).  

• Relationships among clusters or factors are interpreted as relationships among 

specialties or schools of thought, including connections and central � peripheral 

positions within the field. 

• Relationships among clusters can be identified from the positions of clusters relative 

to each other and to the map as a whole. Relationships among factors are indicated by 

correlations of factors resulting from oblique factor analysis. 

• An author being positioned in a cluster or having loadings on one or more factors is 

interpreted as the author�s membership in corresponding specialty or specialties.  

• An author may load on more than one factor indicating the breadth of the author�s 

contributions. A high loading indicates a close relationship the author has to the 

corresponding factor. 

• Authors� central � peripheral positions within clusters are interpreted as authors� 

central � peripheral positions within the specialties. 

• Authors� central � peripheral positions on the entire maps are interpreted as authors� 

central � peripheral positions within the field. 



38  

Design 

Population 

All the analyses in the present study are in the XML research field as defined by all 

documents indexed under the term �XML� or �eXtensible Markup Language� by SCI or 

ResearchIndex.  

XML (eXtensible Markup Language) is an emerging technology that has developed very 

quickly since W3C (the World Wide Web Consortium) published the XML 1.0 standard on 

February 10, 1998. XML is a simplified subset of SGML (Standard Generalized Markup 

Language) specially designed for Web applications. The goal of XML, according to Florescu & 

Kossmann (1999, p. 2), is �to enable the delivery of self-describing data structures of arbitrary 

depth and complexity to applications that require such structures.�  Due to XML�s close ties with 

the Web, SGML and database technology, many researchers in these fields have moved to XML-

related research. Some websites have appeared specifically for XML-related research and 

activities such as XML.com, and XML.org. And many Web-related conferences and journals are 

devoting a significant part to research articles on XML. For example, the annual International 

World Wide Web Conference devotes one day on XML (XML Track, Developers' Day), XML is 

the central topic in Markup Languages: Theory & Practice (MIT press), and lots of papers on 

XML published in SIGMOD Record. This indicates that XML has become a real research field 

rather than a �hobby� of scientists whose major interests may be somewhere else.  

As discussed in the pilot study (Zhao & Logan, 2002), XML has been chosen for several 

reasons: 

1.  There are enough data available for conducting citation analysis studies. 

The core of the XML field of study belongs to computer science. As mentioned earlier, 

computer science is one of the areas where researchers are publishing heavily on the Web. 

Therefore the number of research papers published on the Web in this field is likely to be large 

enough for applying citation analysis, a method known to achieve a macro perspective on the 

scholarly communication structure based on a large number of publications (Cronin, 1984). In 

addition, there is a tool available, namely ResearchIndex.com, for browsing and searching 

citation data in computer science.  

2.  New models for scholarly communication, if any, should be more easily identified. 
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Due to the commonly acknowledged tendency to resist change (Rogers, 1983), it is likely 

to be more difficult for a well-established field to adopt new technology, such as new formats of 

communication, than a field born in the new technology. �Born digitally� in 1996, XML, a fairly 

young but fast-growing field of study, has been growing with exploding Web technology. In 

such a field, the difference between Web-based and print journal based scholarly 

communication, if any, should be more pronounced. This may limit the generalization of results 

from this study on the one hand, but may allow the examination of the transition process of a 

scholarly communication system from print to electronic world on the other. 

3.  Although the core of the XML research field belongs to computer science, XML 

technology has applications in a wide range of areas, making it a broadly interdisciplinary field 

of study. As can be seen from discussions of citation analysis earlier, citation analysis is 

recognized as a good approach to studying the interdisciplinary structure of a research area. 

Design  

Guided by the principles and methods of citation analysis discussed earlier in this chapter 

and those in the Conceptual framework and literature review chapter, this study was designed to 

investigate the research questions in the following ways. 

The ISI�s Science Citation Index (SCI) and The NEC Corporation Research Institute�s 

ResearchIndex were used in the present study to collect research papers published in print 

journals and on the Web respectively. To date, the SCI database has been used as the data source 

for most of the citation analysis studies reported in the literature. SCI was originally designed for 

print journals and the majority of journals covered by SCI nowadays are still print-based (in print 

format or having a print version), although it now also selectively indexes e-journals (ISI 2000). 

ResearchIndex is a SCI-like tool available on the Web which automatically indexes research 

papers publicly available on the Web, but provides more information on cited papers than SCI: 

titles, all authors, and abstracts or full text papers for those available on the Web. More 

information about ResearchIndex can be found in earlier discussions and in Lawrence et al 

(1999), Goodrum et al (2001), Bar-Ilan (2001), and Zhao & Logan (2002). 

The first research question �� what citation analysis of ResearchIndex data can tell us 

about scholarly communication patterns in the XML research field �� was investigated through 

author visibility analysis and author co-citation analysis of ResearchIndex data. Authors were 

ranked by number of publications and number of citations using straight counts, fractional counts 
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and complete counts. Each of the three author rankings resulting from different counting 

methods was compared with the other two, and for each pair of author rankings of common 

authors, Pearson�s r was calculated to examine the degree of correlation between the two 

rankings. Characteristics of authors whose ranks changed significantly from one ranking to 

another were examined. Following the steps of author co-citation analysis described earlier, a set 

of highly cited authors was selected using complete counts, and the interrelationships between 

these authors and groups of authors were analyzed with the aid of both factor analysis and 

multidimensional scaling techniques to allow results to be cross-validated and richer 

characteristics identified. All these analyses were in XML research area and used ResearchIndex 

data. 

Although the pilot study (Zhao & Logan, 2002) investigated similar questions, the 

present study is different in several aspects in the hope of obtaining a more systematic and 

clearer picture of scholarly communication patterns: (1) The present study used more controlled 

data �� data retrieved from �Header� fields rather than with no restriction as in the pilot study. 

(2) Both factor analysis and MDS results were presented and discussed rather than only factor 

analysis results as in the pilot study. (3) Fractional citation counts were used in addition to the 

two used in the pilot study, namely complete counts and straight counts. This method is 

generally accepted as the most appropriate one although has rarely been used due to SCI�s 

inability of supporting it (Egghe & Rousseau, 1990; van Hooydonk, 1997; Burrell & Rousseau, 

1995; Egghe, 1996; Lindsey, 1980). (4) In addition to visual inspection used in the pilot study, 

correlation coefficients were calculated between different author rankings of common authors, 

and author characteristics were examined and reported for those whose ranks were significantly 

different from one ranking to another.  

To answer question 2.1 of whether there are any significant differences between the 

intellectual structure revealed from ResearchIndex and that from SCI, results from author co-

citation analyses of ResearchIndex data were compared with those from author co-citation 

analyses of SCI data. Since ResearchIndex covers only broadly defined computer science 

research while SCI covers all sciences and since only straight citation counts are possible for SCI 

data while all types of citation counts are possible for ResearchIndex data, four sets of 

comparisons controlling for data scope and methods of citation counting respectively were 

conducted. They were the comparison between the entire SCI database and ResearchIndex using 
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straight counts, the comparison between the portion of the SCI database indexing computer 

science journals and ResearchIndex using straight counts, the comparison between the entire SCI 

database and ResearchIndex using complete counts, and the comparison between the portion of 

the SCI database indexing computer science journals and ResearchIndex using complete counts. 

In each comparison, both positions of authors who were common in both data sets and the 

overall structure in terms of author groups identified and the interrelationships among these 

groups were examined based on factor analysis and MDS results.  

This design was informed by the pilot study which only carried out the comparison 

between the entire SCI database and ResearchIndex using complete counts. The difference 

identified there was attributed to either SCI�s wider coverage of disciplines, or ResearchIndex�s 

ability of supporting complete counts which result in higher citation and co-citation counts, or 

the differences between the Web-based group of authors or the journal-centered group (Zhao & 

Logan, 2002). In order to be more specific about this question, the present study was designed to 

filter out some of the influencing factors step by step such as data scope and citation counting 

method.  

To answer question 2.2 of whether there are any significant correlations between author 

rankings identified from ResearchIndex and those from SCI, authors were ranked both by 

number of publications and by number of citations and comparisons between ResearchIndex and 

SCI were conducted. 

Three author rankings by number of publications using fractional counts and three author 

rankings by number of citations using straight counts were also produced respectively based on 

the three data sets �� the data set from ResearchIndex, that from the entire SCI database and that 

from a subset of SCI addressing computer science research. Each of the three author rankings 

resulting from different data sets was compared with the other two, and for each pair of author 

rankings of common authors, Pearson�s r was calculated to examine the degree of correlation 

between the two rankings. The characteristics of three groups of authors, such as age, nationality, 

topic, publishing history, relationship with W3C, nature of affiliation, and collaboration 

orientation, were examined to identify the contributing factors to differences in authors� 

visibility. The three groups were (1) authors who were highly visible both in SCI and in 

ResearchIndex, (2) authors who were highly visible in SCI but not in ResearchIndex, and (3) 

authors who were highly visible in ResearchIndex but not in SCI. For each of the three groups, 
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the percentage of authors who were highly visible both in terms of number of publications and in 

terms of number of citations was examined to see which group had more influential authors. 

This design was also informed by the pilot study which compared author rankings 

between ResearchIndex and the entire SCI database based on visual inspection of a small set of 

highly visible authors. That study found a considerable difference in publication patterns 

between these two views of the XML research field, but at the same time a strong correlation 

between the ten most highly cited authors. It also noted the importance of examining the 

characteristics of author groups with different publication and citation patterns. It is the task of 

the present study to examine the degree of correlation through the use of more controlled data 

and statistical approaches, and to explore possible contributing factors to differences in author 

visibility by actually examining the characteristics of author groups with differences in their 

visibility.  

The third research question, which is about the possible improvement of ResearchIndex 

and the requirements for a PSE for scholarly communication research, was investigated though a 

close examination of citation analyses conducted so far in both the present and the pilot studies 

in terms of ResearchIndex�s support for citation analysis studies and the need of citation 

analysis.  

Data collection procedures 

Three sets of source data were collected in order to control for data scope and citation 

counting method in the comparisons: (1) all documents indexed by ResearchIndex in �Header� 

fields under the term �XML� or �eXtensible Markup Language,� and their references; (2) all 

papers indexed by SCI under the term �XML� or �eXtensible Markup Language,� and their 

references; (3) all papers published in journals classified in SCI as representing broadly defined 

computer science research and indexed by SCI under the term �XML� or �eXtensible Markup 

Language,� and their references.  

Collecting citation data from ResearchIndex. 

ResearchIndex is publicly available on the Web at http://www.ResearchIndex.com. Since 

ResearchIndex presents retrieved information one page at a time and does not provide the option 

of advanced searching, a Java program was developed and used to search documents indexed in 

�Header� fields under the term �XML� or �eXtensible Markup Language� and to download into 
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a local machine all of the documents that meet the search criteria. The algorithm of this program 

is described in Appendix I. The actual search was conducted on December 18, 2001. 

Another program was developed in Java to parse the descriptions of these papers and 

their references, and to store the resulting citation information such as titles, authors, publishing 

sources and years of both citing and cited documents in a data structure that was convenient for 

later data analysis such as counting citations and co-citations. Since the existence of duplicates 

was found in the pilot study to be one of the major differences between traditional databases and 

ResearchIndex, the citing documents were then examined first by another Java program and then 

manually to remove possible duplicates. The corresponding citations made by these duplicates 

were removed as well. The data structure and the algorithms of these programs are also described 

in Appendix I. 

As is well-known, there are many errors in citation data which can be easily seen in the 

cited paper section of results from a search in Web of Science �� the Web-based version of ISI�s 

databases. Nevertheless, in citation analysis practice using ISI databases, people seem to accept 

search results with little concern for correcting these errors. Once items (authors, document, 

journals, etc.) are ranked by citations, some corrections are usually done for highly cited items 

such as adding the numbers of citations to two formats of the same author�s name (van Den 

Besselaar, 2001). Common citation analysis practice allows for less stringent data collection 

from cited papers due to the observation that errors of this nature in cited paper data often do not 

make a significant difference in results based on statistical analysis of the huge number of cited 

papers, especially for highly cited items which are the ones to be examined in these analyses. 

Although it might be interesting to examine the difference made by these errors, the present 

study did not attempt to do so. Instead it followed common citation analysis practice as 

experience from the pilot study (Zhao & Logan, 2002) indicates that for cited papers, errors in 

ResearchIndex data are identical to those in SCI data in terms of both error rate and error type. 

However, since there are a relatively small number of citing documents, errors in citing 

paper data may significantly affect the accuracy of consequent analyses of publications. To avoid 

this, all citing papers in the present study were examined and errors corrected manually.  

Collecting citation data from SCI 

The query �XML� or �eXtensible Markup Language� was entered on December 18, 2001 

into the Web-based version of SCI �� Web of Science �� using the �full search� option with �all 
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years� chosen for publishing date. All information about the retrieved papers was downloaded 

into a local machine. Since information from SCI is in a different format from that of 

ResearchIndex, a different program was developed in Java to parse the descriptions of these 

papers and their references, and to store the resulting citation information in a data structure that 

is slightly different from that for ResearchIndex data. The data structure and the algorithm of this 

program are described in Appendix II.  

This set of citation data was then searched by a Java program for the ISSNs of a list of 

selected computer science journals to obtain the third set of data. This algorithm is also described 

in Appendix II. 

The list of selected computer science journals including their ISSNs was compiled based 

on all journals listed in the journal subject category �Computer Science� in Journal Citation 

Reports for SCI. This list (Appendix IV) includes journals in subareas of computer science such 

as Artificial Intelligence, Cybernetics, Hardware & Architecture, Information Systems, 

Interdisciplinary Applications, Software, Graphics, Programming, Theory & Methods. Goodrum 

et al. (2001) used this method to define computer science research in SCI as well. 

Some notes 

In the present study, the search for citing papers in ResearchIndex was restricted to 

�Header� rather than searching in the full text of the documents as we had done in the pilot 

study. The reason for this change in the data collection method was that SCI only goes as far as 

abstracts in indexing citing papers, and �Header� fields in the ResearchIndex database were 

assumed to be similar in scope. It was hoped that this way of collecting data would result in more 

comparable data from the two data sources. 

For each of the papers it indexes, ResearchIndex explicitly indicates that the references 

list presented on the page of the paper may not be complete. In other words, ResearchIndex does 

not always provide all references a paper has in its reference list.  

The author tried several time to contact the developers of ResearchIndex about how they 

choose what to include and what not. After getting no response from them, the author attempted 

to figure it out by randomly sampling a few hundreds of papers from ResearchIndex. It appears 

that ResearchIndex does not CHOOSE to include or not to include certain references but simply 

deletes the references its technology cannot capture and parse sufficiently correctly.  
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While theoretically this may pose validity problem in citation analysis, the present study 

did not employ any remedies for several reasons. First, the errors are random. From the sample, 

no patterns were observed about what types of references tend to be omitted. Second, it is not 

guaranteed that any other remedies can get better results. For example, the error rate for parsing 

citations reported by the Open Citation Project is as high as 15% (Bergmark, 2000). Third, the 

incompleteness, bias, and limitations of the ISI databases have been well acknowledged; 

nevertheless, they have remained as the basis for many studies, and studies based upon the ISI 

databases have provided valuable insight into scholarly communication patterns in various fields.  

There are three other things worth noting in the data collection procedure described 

above, as discussed in the pilot study. 

(1) No citation windows were specified in the present study, indicating that publications 

from all years were used. This design was based on the fact that XML research was a fairly 

young field of study and had a history of only about six years since the first phase of W3C�s 

XML activities started in June 1996 (W3C, 2001). A six-year period is among citation windows 

commonly used in citation analysis studies. 

(2) The present study defined the field of XML research by all papers indexed under 

terms �XML� or �extensible markup language� by tools such as ResearchIndex or SCI, rather 

than operationalizing the field in terms of its journals. However, computer science research was 

defined in terms of its journals when the third set of data was collected.  

(3) Unlike some studies that obtained citation counts based on the entire database of SCI 

or SSCI, this study counted only citations made by those papers meeting the search criteria. 

Although they were thus subsets of the authors� total counts, and therefore may not reflect the 

authors or papers� entire influence, these counts fully represented how the authors were 

perceived by scholars doing XML research, which was the purpose of this study (White & 

McCain, 1998). 

Data analysis techniques and measures chosen in the present study 

There were three major types of data analysis to address the research questions in the 

present study: author visibility analysis, co-citation analysis of highly visible authors, and 

analysis of the characteristics of highly visible authors. 
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Visibility analysis 

In the visibility analyses in the present study, authors were ranked by the number of 

publications and the number of citations they received respectively based on each of the three 

sets of data (the data set from ResearchIndex, that from the entire SCI and that from a subset of 

SCI addressing computer science research), and author rankings were compared based on both 

visual inspection and correlation analysis of common authors �� authors who appear in both 

rankings being compared.  

1. Ranking authors 

Various methods of counting authors� publications and citations have been developed, 

and these different methods can result in divergent author rankings (Garfield, 1979; Lindsey, 

1980; Long et al., 1980; MacRoberts & MacRoberts, 1989; McCain, 1988; Smith, 1981; Stokes 

& Hartley, 1989; Egghe & Rousseau, 1990; van Hooydonk, 1997; Burrell & Rousseau, 1995; 

Egghe, 1996).  

Different counting methods are distinguished from each other by the way they treat 

multiple authorship, that is, how they allocate credit among scholars who co-author the 

publications. Theoretically, credit should be allocated among authors of a paper according to 

their contributions to the paper. However, since it is nearly impossible to assess the relative 

contributions to co-authored papers based solely on the publicly available data such as the 

sequence of authors on the paper (Lindsey, 1982), in practice there are few studies of scholarly 

communication, if any, that have used this approach. Studies either give equal credit �� full or 

1/Nth of full credit with N as the number of co-authors �� to all authors regardless of their 

contributions to the documents, or give full credit only to the author who is considered as having 

contributed the most to the document �� first author or identified by other means (Oppenheim, 

1998; van Hooydonk, 1997). Although fractional counts that give 1/Nth credit to each of the N 

authors of a document are the most preferred method (Cronin & Overfelt, 1994; Burrell & 

Rousseau, 1995; Egghe, 1996; Egghe & Rousseau, 1990; Lindsey, 1980; van Hooydonk, 1997), 

straight counts that give full credit to first authors has been the most popular method especially 

in citation counting, largely because ISI databases �� the tool that most citation analysis studies 

use �� only index first authors of cited documents.  

As is well-known, scientific collaboration has become commonplace and in some 

research fields the first author is not always the one who contributes the most to the article. For 
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example, the study by Zhao & Logan (2002) provides evidence that authors of a paper in the 

XML research field are often listed alphabetically rather than based on contribution. As a result, 

there have been serious discussions on whether the way ISI databases treat multiple authorship is 

a serious problem for citation analysis using these databases as data sources, especially when 

used in the evaluation of authors and contributions (Garfield, 1979; Lindsey, 1980; Long et al., 

1980; MacRoberts & MacRoberts, 1989; McCain, 1988; Smith, 1981; Stokes & Hartley, 1989). 

ResearchIndex, by indexing all authors, gives us the opportunity to provide some empirical data 

on this issue. In order to do so, three methods, namely straight counts, fractional counts and 

complete counts that give a full credit to all authors of a paper, were used both in counting 

publications and in counting citations wherever possible and results compared.  

The present study however took a simplified approach to fractional and complete counts 

in that it only took into account the first five authors rather than all authors. It was hoped that this 

approach would approximate sufficiently strict fractional and complete counts as publications 

with more than five authors were not expected to occur too frequently based on the statistics 

from the present study (Table 1), and even if its approximation was insufficient it would still 

help us to see beyond the straight counts that only take into account first authors. 

Appendix III describes in detail the algorithm of the Java program developed to count 

publications and citations. 

 

 

Table 1: Distribution of citing papers by number of authors (XML research) 

ResearchIndex SCI # papers 

# authors # % # % 

0 4 1 0 0 

1 83 27 75 20 

2 77 25 99 26 

3 78 25 86 23 

4 36 12 54 14 

5 or more 34 11 60 16 

 

 

2. Correlation analysis 
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Correlation is the statistical process by which we discover the relationship between 

different types of data. And a correlation coefficient is a decimal fraction indicating the degree of 

relatedness between the factors being correlated (Leedy, 1997). 

There are many correlation techniques such as Pearson�s r and Spearman�s Rho. 

Pearson�s r, the most common of all correlation techniques, was chosen in the present study. The 

value of r is between -1.00 and +1.00. The further away from 0 the r is, the stronger the 

correlation between two variables is (Blecic, 1999).  

Co-citation analysis of highly visible authors 

Co-citation analyses in the present study followed the general steps of author co-citation 

analysis discussed earlier in this chapter.  

1) Selection of the core set of authors for the study. 

The present study selected core sets of authors based on the number of citations they 

received. Citedness above some threshold is a good criterion for selecting authors in author co-

citation analysis although the resulting authors may not be �wholly definitive� of the research 

field being studied (White & McCain, 1998). Three sets of highly visible authors indicated by 

number of citations were selected from the three data sets correspondingly �� the data set from 

ResearchIndex, the one from the entire SCI database, and the one from a subset of SCI 

addressing computer science research. There are no strict rules regarding thresholds for citation-

based author selection in author co-citation analysis studies (McCain, 1990b). Assuming that the 

more authors the better a research field is represented, the present study used low thresholds to 

allow 100 authors to be included in the final multivariate analysis, the maximum number of 

variables possible when using ALSCAL, the multidimensional scaling routine in SPSS (version 

10.0).  

2) Retrieval of co-citation frequency information for the core set. 

In author co-citation analysis using the ISI databases, two authors are considered as being 

co-cited when at least one document in each author�s oeuvre (defined as all works with the 

author as the first author) occurs in the same reference list. Since not only the first authors are 

available in ResearchIndex, author oeuvre can be defined differently as all works with the author 

as one of the authors. As a result, two authors will also be considered being co-cited when the 

paper co-authored by them is cited. For convenience purposes, the former is called �first author 

co-citation� and the latter �all author co-citation� in the present study. �All author co-citation� 
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seems to be an authentic measure of the connectedness between authors when not only the first 

authors can be counted because, just like co-citations, co-authorship indicates authors being 

related to each other in some sense, and is actually a closer relationship between authors than 

that formed by co-citations. It seems an even better measure since this way of counting co-

citations results in higher co-citation rates which may make it easier to identify interrelationships 

among authors. This is partly confirmed by the pilot study (Zhao & Logan, 2002).  

A Java program was developed to count author co-citation frequencies and to record 

them in matrixes. For each of the three core sets of authors selected, a �first author co-citation� 

matrix was obtained. And an �all author co-citation� matrix was also generated for the core set of 

authors selected from ResearchIndex data. Appendix III describes the algorithm of the program 

in detail.  

Obviously, a co-citation matrix is symmetric with respect to the main diagonal. The 

values in the main diagonal were left out of the study since these values would be the number of 

citations each author receives which can not be given the same interpretation as the rest of values 

in the matrix (Kreuzman, 2001; White & McCain, 1998; McCain, 1990). 

3) Compilation of the raw co-citation frequency matrix. 

These co-citation matrixes were then compiled manually by deleting authors who were 

co-cited with very few other authors based on the assumption that authors who have little 

connection with the rest of the field are not good representatives of the field. Specifically, an 

author was deleted if the corresponding row/column contained more than 95% zero value cells.  

4) Conversion of the raw frequencies into correlation coefficients. 

Following common author co-citation analysis practices, the matrixes resulting from the 

previous step were converted to Pearson r correlation matrixes using the Correlations procedure 

in SPSS 10 (White & McCain, 1998; McCain, 1990).  

5) Multivariate analysis of the correlation matrix 

Two multivariate analysis techniques were used in the present study, namely Factor 

Analysis (FA) and Multi Dimensional Scaling (MDS), to allow results to be cross-validated and 

richer characteristics to be identified. The correlation matrixes obtained from the previous step 

were used as input of these multivariate analysis procedures. 

Factor analysis was used in the present study to explore the underlying structure of the 

authors� oeuvres that reflect various aspects of the domain of XML research. Factors were 
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extracted by Principal Component Analysis (PCA) with an oblique rotation (SPSS Direct 

OBLIMIN) because of the theoretical expectation that the resulting factors (specialties) would in 

reality be correlated. The number of factors extracted was determined based on Kaiser�s rule of 

eigenvalue greater than 1 and consideration of the model fit represented by total variance 

explained, communalities, correlation residuals and the test of model fit (Hair et al., 1998).  

The internal structures of these matrixes were also explored using multidimensional 

scaling (SPSS ALSCAL) to produce spatial representations of the interrelationship between 

these authors or author groups. SPSS ALSCAL was chosen because it is among the most often 

used methods in co-citation analysis studies with reasonable results (McCain, 1990; Kreuzman, 

2001). Two dimensional maps (MDS maps) were generated using LaTeX from the coordinates 

resulting from the ALSCAL procedure.   

6) Interpretation of the resulting factor structures and maps and validation. 

Since the depth of interpretation depends on the knowledge the interpreter has about the 

research field being studied, the interpretation of the results in the present study was carried out 

in consultation with people who are knowledgeable in the XML field. Those common points to 

look at discussed earlier were among the points to explicate in the present study (White, 1990). 

Analysis of the characteristics of highly visible authors 

Once highly visible authors had been identified, information about their age, nationality, 

topic, publishing history, relationship with W3C, nature of affiliation, and collaboration 

orientation was collected and analyzed. The DBLP service and authors� personal or institutional 

websites were the major source of this information. The DBLP server provides bibliographic 

information in the computer science research field. Up to February 2003, the server �indexes 

more than 350000 articles� in major computer science journals and proceedings and �contains 

several thousand links to home pages of computer scientists� (http://www.informatik.uni-

trier.de/~ley/db/welcome.html). The server is maintained by Michael Ley and has five mirror 

sites in Germany, USA and Korea. �Relationship with W3C� refers to whether an author is an 

editor of any W3C standards, or a head or a member of any working groups of W3C standards, 

or a contributor to the mailing lists dedicated to the development of the standards, or is involved 

in other W3C activities. �Nature of affiliation� means whether an author is affiliated with an 

industry-related institute, or a university, or a research institute. �Collaboration orientation� 
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refers to whether an author is frequently involved in large group collaboration (three or more 

people) or two-person collaboration as indicated by co-authored publications. 

Limitations 

The present study suffers from the limitations common to citation analysis discussed 

earlier and from some other limitations introduced by citation data and tools on the Web. 

As discussed above, ResearchIndex does not always provide all references a paper has in 

its reference list. This may not be important for an information searching tool since no IR 

systems can exhaust all relevant papers, but theoretically may cause problems with validity as a 

tool for citation analysis just as the incompleteness and bias of the ISI databases has been 

discussed in the literature as a potential validity problem. 

Unlike SCI, citation indexing tools on the Web like ResearchIndex are fully automatic. It 

is difficult for them to recognize the various referencing formats that are likely to occur in a 

divergent environment whereas it may be very easy for human beings to make these distinctions. 

Therefore, these tools tend to produce errors by mixing up information about authors, titles and 

sources when uncommon or non-standard referencing formats are encountered. 

In addition, the coverage of the citation indexing tool used in this study, namely 

ResearchIndex, may not be comprehensive.  

Methodological assumptions 

Most of the methodological assumptions underlying the present study have been 

discussed earlier in the Method section of this chapter. In summary:  

• Citations represent the citing authors� use of the cited work. This is an assumption 

underlying all types of citation analysis. 

• The more citations a document receives, the more influence it has on the research. 

This is an assumption underlying evaluative citation analysis �� evaluation of 

scholars, journals, institutions, etc.  

• Two articles being often cited together indicates some relation, i.e. generally 

perceived similarity of subject matter or methodological approach, between these two 

articles. The more frequently two documents are co-cited, the more closely they are 

related. This is an assumption underlying co-citation analysis �� the study of 
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structures of literatures and disciplines based on relationships established by co-

citations. 

• Citation analysis using SCI as data source is a valid approach to the study of formal 

scholarly communication. This is an assumption specific to the present study. Its 

validity has been discussed earlier in the Method section of this chapter. 
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SCHOLARLY COMMUNICATION PATTERNS ON THE WEB 

 

 

The current chapter along with the following chapter presents an analysis of data and a 

discussion about the scholarly communication patterns in the XML research field. The current 

chapter is focused on the scholarly communication patterns revealed from analysis of 

ResearchIndex data, and the following chapter on the comparison of scholarly communication 

patterns between the Web and the print journals. The chapter after them examines the process of 

the present study and of citation analysis studies in general, which leads to some suggestions for 

the design of a problem solving environment (PSE) for scholarly communication research. Each 

of the three chapters is devoted to one of the three research questions. More general conclusions 

and implications from this study will be discussed in the Conclusions chapter. 

 

A search on �XML� or �eXtensible Markup Language� in �Header� fields using 

ResearchIndex.com was conducted on December 18, 2001, and resulted in 312 papers after 

removing duplicates. These papers made 4578 citations altogether. Among the citations, 21.6% 

(987) are proceedings, 21.6% (991) are Web publications, 2.3% (105) are technical reports, and 

2.5% (115) are from books.  

Scholarly communication patterns demonstrated on the Web were investigated through 

author visibility analysis and author co-citation analysis of these data, along with author 

characteristics analysis. 

Author visibility 

Authors were ranked by number of citations and number of publications respectively using 

straight counts, fractional counts and complete counts (see the Methodology chapter for details 

about these different counting methods). Respective results are presented in Table 2 and Table 4. 

Table 2 will be discussed in the following section, and Table 4 in the section after it.  
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Author visibility indicated by number of citations 

Table 2 presents highly cited authors ranked by complete counts (list 1), fractional counts 

(list 2) and straight counts (list 3) respectively. The criterion for selecting authors listed here is 

the number of citations that results in a number of authors closest to 100. For example, there are 

96 authors who are cited 12 times or more and 107 who are cited 11 or more times using 

complete counts. So the criterion for selecting authors to be presented in list 1 is 12 or more 

citations.   

This criterion is a compromise between the goal of presenting the top ranked 100 authors in 

each list and a fair way of treating authors with the same number of citations. Authors with the 

same number of citations using the same citation counting method have the same visibility and 

therefore should be treated the same way in the analysis. This would not be achieved if the 

number �100� were used as a strict cut-off because the inclusion in the list of the authors who are 

ranked around 100 and have the same number of citations would totally depend on how they are 

ranked in the analysis: alphabetically or randomly, for example. In the example given above, 

four of the 11 authors with a citation count of 11 using complete counts would be selected into 

the list of top 100 authors and a different four authors would make it into the list when the 11 

authors are ranked, say, alphabetically by first name or by last name. Using the criterion here, 

authors with the same number of citations will be either all or none selected into the list. 

 

 

Table 2: Highly visible authors indicated by number of citations received (ResearchIndex) 

List 1: complete counts List 2: fractional counts List 3: straight counts 

Rank Name #c Rank Name #c Rank Name #c

1 S. Abiteboul 172 1J. Widom 63.4 1S. Abiteboul 113

2 J. Widom 163 2S. Abiteboul 62.3 2Peter Buneman 78

3 Dan Suciu 157 3Dan Suciu 47 3A. Deutsch 67

4 D. Florescu 129 4J. Clark 43.7 4T. Bray 64

5 Mary F. Fernandez 117 5Peter Buneman 38.2 5J. Clark 60

6 Peter Buneman 102 6D. Florescu 36.4 6R. Goldman 46

7 Alon Y. Levy 89 7Mary F. Fernandez 31.6 7Daniela Florescu 37

8 Jason McHugh 86 8S. DeRose 28.5 8.5Mary F. Fernandez 34

9 A. Deutsch 72 9Jason McHugh 23.6 8.5Stefano Ceri 34

10 T. Bray 67 10T. Bray 23.4 10J. Shanmugasundaram 30

11.5 R. Goldman 61 11R. Goldman 22.5 11J. Robie 29

11.5 Wenfei Fan 61 12Alon Y. Levy 22.4 12J. McHugh 28

13.5 J. Clark 60 13M. Murata 21.7 13Y. Papakonstantinou 26
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Table 2  continued 

List 1: complete counts List 2: fractional counts List 3: straight counts 

Rank Name #c Rank Name #c Rank Name #c

13.5 S. Cluet 60 14Wenfei Fan 21.4 14.5H. Thompson 25

15 S. DeRose 57 15H. Thompson 20.2 14.5Sophie Cluet 25

17 C.SperbergMcQueen 55 16Sophie Cluet 19.8 16S. S. Chawathe 23

17 J. Paoli 55 17Jonathan Robie 18.6 17Makoto Murata 22

17 Jonathan Robie 55 18C.SperbergMcQueen 18.6 18.5Donald D. Chamberlin 21

19 Stefano Ceri 52 19J. Paoli 18.3 18.5Wenfei Fan 21

20 David J. DeWitt 51 20Victor Vianu 18.1 20.5R. G. G. Cattell 17

21 Dallan Quass 50 21Stefano Ceri 17.5 20.5S. DeRose 17

22 Victor Vianu 48 22A. Deutsch 17.3 23C. Beeri 16

23 J. Simeon 45 23C. Brew 16.6 23Tova Milo 16

24 Tova Milo 41 24Tova Milo 16.4 23W. van der Aalst 16

25.5 Susan Davidson 40 25Jerome Simeon 16.2 27C. Brew 15

25.5 Y. Papakonstantinou 40 26Y. Papakonstantinou 14.8 27H. Hosoya 15

27.5 H. Garcia-Molina 38 27Philip Wadler 14.7 27O. Lassila 15

27.5 Janet L. Wiener 38 28D. Maier 14.1 27P. Wadler 15

29 J.Shanmugasundaram 34 29W. van der Aalst 13.6 27V. Christophides 15

30 Stefano Paraboschi 33 30H. Garcia-Molina 13.3 30E. Maler 14

31 H. Thompson 32 31Donald Kossmann 12.2 32Angela Bonifati 13

33 C. Brew 29 32Jeffrey D. Ullman 11.9 32Jennifer Widom 13

33 Donald Kossmann 29 33David J. DeWitt 11.9 32T. Berners-Lee 13

33 Philip Wadler 29 34Dallan Quass 10.9 34.5D. Brickley 12

35.5 Chun Zhang 28 35D. Megginson 10.5 34.5Michael Hanus 12

35.5 D. Schach 28 36Susan Davidson 10.3 38D. Fensel 11

39.5 D. Maier 27 37G. Ghelli 10.3 38D. Lee 11

39.5 J. Lapp 27 38Michael Hanus 10.2 38D. Megginson 11

39.5 Jeffrey D. Ullman 27 39S. S. Chawathe 9.72 38Michael J. Carey 11

39.5 M. Murata 27 40D. D. Chamberlin 9.43 38V. Apparao 11

39.5 Piero Fraternali 27 41G. Moerkotte 9.37 42D. Maier 10

39.5 S. S. Chawathe 27 42O. Lassila 9.08 42N. Klarlund 10

43.5 Ernesto Damiani 25 43Stefano Paraboschi 8.82 42S. Nestorov 10

43.5 Scott Weinstein 25 44D. Schach 8.78 47Bertram Ludascher 9

45 Kristin Tufte 24 45J. Lapp 8.58 47Diego Calvanese 9

46.5 D. D. Chamberlin 23 46.5C. Beeri 8.5 47E. Baralis 9

46.5 S. Decker 23 46.5Richard Hull 8.5 47Frank Neven 9

49 Claude Delobel 22 48Benjamin C. Pierce 8.33 47J. Bosak 9

49 Dieter Fensel 22 49Piero Fraternali 8.32 47John E. Hopcroft 9

49 Gang He 22 50Scott Weinstein 8.25 47N. Walsh 9

52 A. O. Mendelzon 21 51A. O. Mendelzon 8.08 53Giorgio Ghelli 8

52 Richard Hull 21 52E. Maler 7.92 53P. Atzeni 8

52 Sara Comai 21 53Ernesto Damiani 7.9 53P. Biron 8

55 Benjamin C. Pierce 20 54Janet L. Wiener 7.75 53S. Decker 8

55 Bertram Ludascher 20 55Frank Neven 7.5 53W. Coalition 8

55 G. Ghelli 20 56D. Brickley 7.45 64.5A. Schmidt 7
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Table 2  continued 

List 1: complete counts List 2: fractional counts List 3: straight counts 

Rank Name #c Rank Name #c Rank Name #c

60 A. Malhotra 18 57Dieter Fensel 7.18 64.5Alfred V. Aho 7

60 Carmem S. Hara 18 58T. Berners-Lee 7 64.5Alon Y. Levy 7

60 E. Maler 18 59Angela Bonifati 6.83 64.5C. Baru 7

60 G. Moerkotte 18 60.5J.Shanmugasundaram 6.8 64.5C. Goldfarb 7

60 R. G. G. Cattell 18 60.5S. Decker 6.8 64.5Carl-Christian Kanne 7

60 Shih-Fu Chang 18 62Leonid Libkin 6.73 64.5D. Beech 7

60 W. van der Aalst 18 63N. Walsh 6.7 64.5Elisa Bertino 7

65.5 Jeffrey F. Naughton 17 64A. Malhotra 6.57 64.5Harold Boley 7

65.5 O. Lassila 17 65R. Swick 6.5 64.5 Ian R. Horrocks 7

65.5 V. Christophides 17 66Claude Delobel 6.43 64.5J. Ullman 7

65.5 Wang Chiew Tan 17 67H. Hosoya 6.33 64.5Jianjun Chen 7

69.5 C. Beeri 16 68Harold Boley 6.25 64.5L. Fegaras 7

69.5 D. Beech 16 69.5J. Bosak 6.2 64.5Michael Kifer 7

69.5 D. Brickley 16 69.5Paul A. Fishwick 6.2 64.5R. Bourret 7

69.5 Michael J. Carey 16 71.5A. Fiedler 6 64.5R. Ramakrishnan 7

73 A. Le Hors 15 71.5R. V. Guha 6 64.5Sergey Brin 7

73 H. Hosoya 15 73Bertram Ludascher 5.98 64.5Stefano A. Cerri 7

73 Leonid Libkin 15 74D. Lee 5.92 82.5A. Davidson 6

76.5 D. Lee 14 75John C. Mitchell 5.83 82.5Arnaud Sahuguet 6

76.5 Frank Neven 14 76Chun Zhang 5.78 82.5C. Grover 6

76.5 M. Champion 14 77Shih-Fu Chang 5.75 82.5D. Deveaux 6

76.5 Yehoshua Sagiv 14 78Stefano A. Cerri 5.67 82.5D. McKelvie 6

83.5 Amarnath Gupta 13 79.5Arnaud Sahuguet 5.5 82.5E. Harold 6

83.5 Angela Bonifati 13 79.5P. Wood 5.5 82.5F. Bancilhon 6

83.5 I. Jacobs 13 81R. Ramakrishnan 5.33 82.5H. V. Jagadish 6

83.5 Ian R. Horrocks 13 82Sara Comai 5.23 82.5L. Cardelli 6

83.5 Letizia Tanca 13 83.5Ian R. Horrocks 5.2 82.5Ling Liu 6

83.5 Michael Erdmann 13 83.5M. Kay 5.2 82.5M. Fern 6

83.5 Michael Hanus 13 85Paul S. Wang 5.07 82.5P. Fankhauser 6

83.5 R. Swick 13 88.5John K. Ousterhout 5 82.5Peter McBrien 6

83.5 T. Berners-Lee 13 88.5Mitchell Wand 5 82.5Philippe Martin 6

83.5 V. Apparao 13 88.5Morris Sloman 5 82.5R. Baeza-Yates 6

92.5 Elisa Bertino 12 88.5P. Fankhauser 5 82.5S. Adler 6

92.5 Gerd Hillebrand 12 88.5P. Hoschka 5 82.5Shu-Yao Chien 6

92.5 J. Chen 12 88.5Philippe Martin 5 82.5Stavros S. Cosmadakis 6

92.5 Katarzyna Smaga 12 92.5Atsushi Ohori 4.83  

92.5 Laurent Mignet 12 92.5John E. Hopcroft 4.83  

92.5 Matthew Fuchs 12 94Kristin Tufte 4.8  

92.5 Pavel Velikhov 12 96Michael Kifer 4.75  

92.5 R. V. Guha 12 96R. A. Baeza-Yates 4.75  

  96Pavel Velikhov 4.75  

  98.5D. Beech 4.73  

  98.5V. Christophides 4.73  
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• Collaboration and visibility 

A look at the characteristics of the top-ranked authors in Table 2 suggests that 

collaboration, especially large group (three or more people) collaboration, contributes 

significantly to higher visibility of authors.  

All of the top 20 authors by fractional counts have either been actively involved in W3C 

activities such as the development of XML related standards or specifications which are by 

definition collaborations (often in a large scale), or in other types of large group collaboration, or 

in both. Widom, Abiteboul, McHugh, Goldman belonged to the Lore research project at Stanford 

University. Suciu used to work with Buneman, Deutsch, Florescu, and Fan in the database group 

at University of Pennsylvania, with Fernandez at Bell labs in various projects such as SilkRoute, 

and has been working with Levy at University of Washington for various projects such as XML 

Toolkit. Bray, Paoli, Sperberg-McQueen, Clark, Robie, Thompson and Fernandez have actively 

participated in the development of W3C recommendations, as partly shown in Appendix V 

which is a list of XML related standards or specifications. Fernandez is a member of the W3C 

Query Working Group, whose charter is to define a standard query language for XML, and co-

editor of the XQuery 1.0 and XPath 2.0 Data Model and the XQuery 1.0 Formal Semantics 

working drafts. Bray, Paoli and Sperberg-McQueen were the editors of the XML specification. 

Clark was the author of XSL Transformations (XSLT Version 1.0) and XML Path Language 

(with DeRose). Robie was one of the editors of Document Object Model (DOM) Level 2 Core 

Specification, and was involved in the development of XML query language with his work on 

XQL: XML query language, Xquery: A query language for XML, and Quilt: An XML Query 

Language for Heterogeneous Data Sources (with Florescu et al). Thompson was one of the 

editors of XML Schema Part 1: Structures (W3C Recommendation).  

It is not unexpected that collaboration results in higher visibility. It is generally known that 

the number of citations research papers receive increases with the number of authors  an 

indicator of the level of collaboration (Aksnes, 2003; Egghe & Rousseau, 1990; Pereira, et al., 

2000; van Raan, 1998). Although some studies (Herbertz, 1995) claim that the increase of 

citation rate with the level of collaboration can be explained by self-citations, more studies 

(Aksnes, 2003; van Raan, 1999) have questioned it and shown that self-citations can only explain 
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a small part of this general increase. The influence of collaboration on the impact of research 

results goes far beyond the scholars who collaborate. 

• Different citation counting methods 

As seen from the three rankings in Table 2, there are 45 authors who are common to all 

three lists, 76 common to list 1 and 2, 50 common to list 1 and 3, and 58 common to list 2 and 3. 

In other words, if we want to select 100 highly visible authors, only about half of the selected 

authors are going to be the same no matter what citation counting method we use, and about 

three quarters are going to be the same whether we use complete counts or fractional counts.  

In terms of correlations, Pearson�s r�s were calculated for the 45 common authors among 

the top ranked authors in Table 2. The r is .917 between author rankings by fractional and 

complete counts, .654 between those by fractional and straight counts, and .648 between those by 

straight and complete counts. The r�s are even higher for the 2045 authors who are common to 

all three rankings among all cited authors: 0.954 between fractional and complete counts, 0.77 

between straight and fractional counts, and 0.74 between straight and complete counts. Clearly, 

author rankings by fractional counts and complete counts are highly correlated, but are 

significantly different from author rankings by straight counts. 

As discussed earlier, there has been an on-going debate about whether the possible bias 

resulting from straight counts is a serious problem in citation analysis. Some studies claim that 

straight counts were reliable enough in citation analysis as results from straight counts were 

highly correlated with those from complete counts (Cole & Cole, 1973; Porter, 1977). Some 

studies including those by Garfield, the inventor of SCI, noted the small percentage of authors 

shared by results from the two approaches and warned that the bias should not be overlooked 

(Garfield, 1977, 1979; Lindsey, 1980; Long et al., 1980). Still others (Lange, 2001), although 

noting the bias, concluded that straight counts should continue to be used because of the high 

correlation between results from straight counts and complete counts and the prohibitive cost 

involved in calculating complete counts. There are also studies that have compared different 

citation counting methods and recommended fractional counts (Burrell & Rousseau, 1995; 

Cronin & Overfelt, 1994; Egghe & Rousseau, 1990; Lindsey, 1980; van Hooydonk, 1997). 

Results from the present study as presented above indicate that different counting methods 

do produce very different results in terms of common top ranked authors they share. Author 

rankings by fractional counts and complete counts are highly correlated, but are significantly 
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different from author rankings by straight counts. Considering the way that fractional, complete 

and straight counts are calculated, this can be largely explained by the dominance of coauthored 

papers in XML research. It seems that collaboration is the mainstream in XML research, and that 

evaluation of scholars based on citation analysis using SCI data which only allow straight counts 

would leave out authors� contributions through collaboration and hence would be quite biased 

and inaccurate. With data in ResearchIndex, the cost of calculating complete counts or even 

fractional counts is not much higher than straight counts as all authors information is readily 

available in this database. Since the continuous use of straight counts in the evaluation of 

scholars is largely due to the convenience and low cost using SCI data rather than not being 

aware of the bias resulting from straight counts, it seems that ResearchIndex can help the 

researchers out in dealing with this dilemma by supporting citation counting methods that result 

in less biased author rankings without adding much cost. 

The present study did not find as high correlations between results from complete counts 

and straight counts as other studies (Cole & Cole, 1973; Porter, 1977; Long et al., 1980; Lange, 

2001), probably for three reasons.  

The first is that the collaboration level in scientific research has been increasing in the past 

few decades. Complete counts take into account authors� contributions through collaboration. 

Since the collaboration level was not as high when other studies were conducted as it is now, the 

difference they found between results from complete counts and straight counts was thus not as 

significant.  

The second is that collaboration level varies between disciplines. As a result, it is not 

unexpected that correlations between results from these two approaches are different depending 

on the disciplines that were being studied. The higher the collaboration level, the lower the 

correlations usually.  

The third is that different studies may use different approaches to calculating correlations 

which may result in different correlation scores. One piece of evidence of this is the differences 

between the r�s for the 45 common top ranked authors in Table 2 and those for the all 2045 

common authors. For lower ranked authors especially those that received only one citation, it is 

much more likely that they are ranked relatively the same or have the same number of citations 

by complete counts and straight counts. Since these authors are the majority, their inclusion in 
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the analysis tends to bury the big difference between the top ranked authors and thus make the 

correlation between these two citation counting methods higher.  

Data in the present study can help with the examination of possible bias resulting from 

straight counts.  

As seen from Table 2, authors who would be under-evaluated by straight counts include J. 

Widom (1, 32)
5
, D. Suciu (3, >100), S. DeRose (8, 20.5), Alon Y. Levy (12, 65.5), C. Sperberg-

McQueen (18, >100), J. Paoli (19, >100), Victor Vianu (20, >100), Jerome Simeon (25, >100), 

D. Maier (28, 43), Hector Garcia-Molina (30, >100), Donald Kossmann (31, >100), Jeffrey D. 

Ullman (32, >100), David J. DeWitt (33, >100), Dallan Quass (34, >100), and Susan Davidson 

(36, >100). And authors who would be overestimated by straight counts include A. Deutsch (22, 

3), Stefano Ceri (21, 8.5), J. Shanmugasundaram (60.5, 10), Yannis Papakonstantinou (26, 13), 

Sudarshan S. Chawathe (39, 16), Donald D. Chamberlin (40, 18.5), R. G. G. Cattell (>100, 20.5), 

C. Beeri (46.5, 23), O. Lassila (42, 27), H. Hosoya (67, 27), V. Christophides (99.5, 27), and E. 

Maler (52, 30).  

Obviously, authors would be under-evaluated by straight counts because they often publish 

as coauthors and authors who would be over-evaluated are often listed as the first authors of 

papers. Now the question becomes whether coauthors can have a strong impact on research. 

There are two reasons that are in favor of a positive answer to this question.  

Firstly, authors who are listed late in the by lines are not necessarily those who have made 

fewer contributions to the papers. Alphabetic ordering of author names has been found in many 

studies (Endersby, 1996; Lindsey, 1980; Rudd, 1977), and seems to exist in the XML research 

field as well. The pilot study identified a striking alphabetical shifting pattern between author 

rankings by complete counts and by straight counts, indicating that authors in the XML research 

field often are listed alphabetically rather than based on contributions to the papers. This finding 

was shown to be statistically significant as seen in Figure 1 from the pilot study: many more 

authors with names starting early and fewer authors with names starting late in the alphabet 

when only first authors are considered than when all authors are considered. The same pattern 

seems to have appeared here. Table 2 shows that many authors who are top-ranked by straight 

counts and who have names starting earlier in the alphabet shift down in the ranking by 

                                                 
5
 Author name (author rank by fractional counts, author rank by straight counts) 
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fractional counts (e.g. A. Deutch and S. Ceri) while some authors whose names start late in the 

alphabet shift up (e.g. J. Widom and D. Suciu).  

 

 

 

 

 

 

 

 

 

Figure 1: Distribution of author names by first letters (from the pilot study)  

 

 

Secondly, key scholars sometimes publish as coauthors, especially in reporting results from 

large research projects. Collaborative scientific research is often organized by projects. A couple 

of key scholars come up with some ideas, develop research proposals and obtain funds for the 

research. They then organize a group of scholars to work the ideas out step by step in the 

direction they have outlined. In these cases, these key scholars would often publish as coauthors 

of papers reporting each aspect of the research project. Obviously these scholars have a strong 

impact on research, not only by producing research ideas and outlining research directions but 

also by organizing, if not conducting, the research. They play the role of intellectual and / or 

organizational leaders of the research who are often respected scholars in their own right 

(Griffith & Mullins, 1972). J. Widom, Hector Garcia-Molina, Jeffrey D. Ullman and S. Davidson 

seem to be such examples. J. Widom is an associate professor at Department of Computer 

Science and Electrical Engineering, Stanford University. She has frequently (more than five 

times) coauthored with many of the top ranked authors in this study such as Serge Abiteboul, 

Hector Garcia-Molina, Jeffrey D. Ullman, Stefano Ceri, Dallan Quass, Yehoshua Sagiv, Roy 

Goldman, Jason McHugh, Sudarshan S. Chawathe, Anand Rajaraman, Janet L. Wiener, Ashish 

Gupta, and Yannis Papakonstantinou. Among them, Dallan Quass, Roy Goldman, Jason 

McHugh, Ashish Gupta used to be her students, Ullman and Garcia-Molina are her colleges, and 
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Abiteboul used to be a visiting scholar at her department. Many of them including S. Abiteboul 

and her students were involved in the research project: Lore: A database management system for 

XML, from which many of the highly cited papers in this study were produced. She also has 

joint research projects with professor Garcia-Molina and Ullman. Professor S. Davidson has 

been leading the database group at University of Pennsylvania, of which many of the highly cited 

authors in the present study were members such as P. Buneman, A. Deutsch, W. Fan, D. Suciu, 

and W. Tan.  

As far as the differences between results from complete and fractional counts are 

concerned, it is quite obvious that complete counts overweigh authors of multiple-authored 

papers. As a result, authors involved in large group collaboration are more likely to be ranked 

high by complete counts than other authors regardless of the quality of their works, and other 

authors thus tend to be pushed out of the top ranked author lists.  

In Table 2, several big groups of authors can be identified: in addition to the database group 

at Stanford University and that at University of Pennsylvania as mentioned above, there are (1) 

the Verso Project group at INRIA-Rocquencourt, France which is led by Abiteboul and Cluet and 

includes Angela Bonifati, Daniela Florescu, T. Milo and V. Vianu, (2) the Italian group which is 

led by S. Ceri and includes Stefano Paraboschi, Piero Fraternali, Ernesto Damiani, Angela 

Bonifati, Elisa Bertino, Letizia Tanca, and Sara Comai, and (3) the Niagara Internet Query group 

that includes M. Carey, G. He, K. Tufte, C. Zhang, D. DeWitt and J. Naughton. (The grouping 

can be clearly seen from the Factor Analysis results presented later in Table 5.)  

Examples of authors whose ranks were pulled up by their groups include He, Carey, 

Naughton (Niagara group), Bertino, Tanca (Italian group) and Tan (Penn group). They did not 

appear in the list of top 100 authors by fractional counts. And authors like J. Bosak and D. 

Megginson who were highly cited by fractional counts but were not involved in large group 

research were pushed out of the list of top ranked authors by complete counts.  

Clearly, data in the present study support the findings of Cronin and Overfelt (1994), 

Egghe and Rousseau (1990) and van Hooydonk (1997) that fractional counts should be used in 

the evaluation of scholars wherever possible. The rationale of fractional counts being preferred to 

complete counts is quite obvious. Although it is true that the more an author�s name appears in 

the by lines no matter which position, the more visible the author is, it is not appropriate in the 
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evaluation of scholars to give the same credit to authors of single-authored papers and those of 

multiple-authored papers as complete counts do.  

• Present versus pilot study 

The data collection method used in the present study is different from the pilot study in that 

it only searched in �Header� fields for papers on XML while the pilot study searched in all 

fields. As a result, the citing papers in the present study in a way represent the core of XML 

research while those in the pilot study represent XML research in a broader sense. A comparison 

of the top-ranked 34 authors between the present and the pilot study (Table 2 and Table 3 which 

is from the pilot study) shows the difference between these two views of XML research. 

As seen from the two tables, most of the highly visible authors identified in the present 

study are the same as those in the pilot study. Meanwhile, some names have entered such as 

Wenfei Fan, S. DeRose, S. Ceri, David J. DeWitt, J. Simeon, J. Shanmugasundaram, and Stefano 

Paraboschi, and some others have disappeared such as A. Rajaraman, A. Bruggemann-Klein, D. 

Wood, C. Knoblock, and J. Hammer.  

The names entered represent research foci that are perceived important by the core of XML 

research. An examination of the papers by these authors indicates that these research foci include 

Constraints for semi-structured and XML data (W. Fan and J. Simeon), XML and relational 

database (David J. DeWitt and J. Shanmugasundaram), and Rules and graphs for querying and 

restructuring XML documents (S. Ceri and Stefano Paraboschi).  

Among the disappeared names, A. Bruggemann-Klein, D. Wood represented the 

Algorithmic foundations group and C. Knoblock belonged to the Logic foundations group in the 

pilot study. Their disappearance from the list of highly cited authors indicates that XML research 

presented in ResearchIndex as perceived by the core of XML research is not directly referring to 

the general computer science foundations as frequently as studies outside the core of XML 

research.  

Authors whose ranks have become significantly lower include Hector Garcia-Molina (from 

8 to 27.5), Yannis Papakonstantinou (9 to 25.5), V. Christophides (21 to 65.5), E. Maler (30 to 

60), Alberto O. Mendelzon (32.5 to 52) and Yehoshua Sagiv (34 to 76.5) while authors whose 

ranks have become significantly higher include Clark (from 23 to 13.5), Robie (30 to 17) and 

Victor Vianu (32.5 to 22). 
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Table 3: Highly cited authors in the pilot study (ResearchIndex) 
 

List1: straight counts List2: complete counts 

Rank Name  #  C Rank Name  #  C 

1 S. Abiteboul 232 1 S. Abiteboul 331 

2 P. Buneman 134 2 D. Suciu 307 

3 T. Bray 128 3 J. Widom 257 

4 A. Deutsch 93 4 A. Levy 213 

5 Y. Papakonstantinou 87 5 D. Florescu 197 

6 M. Fernandez 83 6 M. Fernandez 191 

7 R. Goldman 60 7 J. McHugh 158 

8 J. Clark 55 8 H. Garcia-Molina 154 

9.5 D. Florescu 54 9 Y. Papakonstantinou 153 

9.5 A. Bruggemann-Klein 54 10 P. Buneman 152 

11 J. McHugh 53 11 T. Bray 141 

13 V. Christophides 45 12 S. Cluet 139 

13 S. Cluet 45 13 D. Quass 125 

13 A. Levy 45 14 A. Deutsch 105 

15 J. Robie 36 15 J. Paoli 99 

16 O. Lassila 32 16 T. Milo 97 

17.5 S. Chawathe 30 17 R. Goldman 95 

17.5 N. Ide 30 18.5 S. Davidson 73 

19.5 J. Goguen 28 18.5 C. M. Sperberg-McQueen 73 

19.5 F. Neven 28 20 J. Weiner 71 

21 E. Maler 27 21 V. Christophides 60 

23.5 R. Harper 26 22 A. Rajaraman 59 

23.5 J. Hammer 26 23 J. Clark 58 

23.5 D. Suciu 26 24 J. Ullman 56 

23.5 A. O. Mendelzon 26 25 A. Bruggemann-Klein 54 

26 C. Beeri 23 26.5 D. Wood 52 

28 R. Milner 21 26.5 C. Knoblock 52 

28 G. Wiederhold 21 28 J. Hammer 50 

28 D. Calvanese 21 30 J. Robie 47 

30.5 N. Ashish 20 30 G. Hillebrand 47 

30.5 L. Cardelli 20 30 E. Maler 47 

33 J. Shanmuga-sundaram 19 32.5 V. Vianu 46 

33 H. Garcia-Molina 19 32.5 A. Mendelzon 46 

33 G. Salton 19 34 Y. Sagiv 43 
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Hammer�s disappearance and the lower ranks of Hector Garcia-Molina and Yannis 

Papakonstantinou seem to be due to fewer citations to The Stanford�s TSIMMIS Project: 

Integration of heterogeneous information sources (1994). These three authors and A. Rajaraman 

who also disappeared belonged to the middleware group (mediators, distributed cooperative 

information systems) in the pilot study, although heavily overlapped with the semi-structured 

databases group. This indicates that this area of study (middleware) was not perceived as 

important or distinct by the core of XML research as by XML research in a broader sense. This 

observation is reinforced later in the author co-citation analysis.  

Since Clark and DeRose were the editors of XML Path Language, Clark�s higher rank and 

DeRose�s entry at a high rank (15) indicate that XML Path Language weighs relatively higher in 

the core of XML research than in XML research in a broader sense. Similarly, the higher rank of 

Robie indicates the relatively more important position of his work on XML query languages and 

Document Object Model (DOM) in the core of XML research. 

Author visibility indicated by number of publications 

Table 4 presents authors who have been actively publishing on the Web ranked by number 

of publications using complete counts (list 1), fractional counts (list 2) and straight counts (list 3) 

respectively. The criterion for selecting authors listed here is the publication counts that result in 

a number of authors that is closest to 35 which is the number of authors who have published two 

or more papers using straight counts. For example, there are 23 authors who published four or 

more papers and 43 who published three or more using complete counts. So the criterion for 

selecting authors to be listed in list 1 is three or more publications. The reason why the number 

35 was not used as a strict cut-off is similar to that discussed earlier for Table 2.  

A comparison of the three rankings in Table 4 shows that there are 12 authors who are 

common to all three lists, 27 common to list 1 and 2, 17 common to list 1 and 3, and 16 common 

to list 2 and 3. In other words, if we want to select 35 highly visible authors by number of 

publications, only about one third of the selected authors are going to be the same no matter what 

counting method we use, and about three quarters are going to be the same whether we use 

complete counts or fractional counts.  
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Table 4: Highly visible authors indicated by number of publications (ResearchIndex) 

List 1: complete counts List 2: fractional counts List 3: straight counts 

Rank Name #p Rank Name #p Rank Name #p

1 Wenfei Fan 9 1Wenfei Fan 4.07 1Wenfei Fan 7

2 Serge Abiteboul 8 2D. Fensel 2.9 3Angela Bonifati 4

4 D. Fensel 7 3Dan Suciu 2.82 3Mary F. Fernandez 4

4 Dan Suciu 7 4Serge Abiteboul 2.68 3Stefano Ceri 4

4 J. Simeon 7 5M. Murata 2.67 6.5D. Lee 3

7 Dongwon Lee 6 6J. Simeon 2.45 6.5Harold Boley 3

7 Mary F. Fernandez 6 7.5Angela Bonifati 2.33 6.5M. Murata 3

7 Stefano Ceri 6 7.5Harold Boley 2.33 6.5Peter Buneman 3

10 Amarnath Gupta 5 9Dongwon Lee 2.25 22Amarnath Gupta 2

10 Daniela Florescu 5 10Mark Huckvale 2 22Ashraf Aboulnaga 2

10 Wolfgang Emmerich 5 11Stefano Ceri 1.9 22B. Omelayenko 2

17.5 Angela Bonifati 4 12Amarnath Gupta 1.75 22Benjamin Nguyen 2

17.5 Anthony Finkelstein 4 13Victor Vianu 1.73 22Bertram Ludascher 2

17.5 Bertram Ludascher 4 14Daniela Florescu 1.7 22Cecilia Mascolo 2

17.5 Ernesto Damiani 4 15Mary F. Fernandez 1.65 22D. Fensel 2

17.5 F. van Harmelen 4 16Wolfgang Emmerich 1.58 22Ernesto Damiani 2

17.5 Laurent Mignet 4 18L. Libkin 1.5 22F. Tian 2

17.5 M. Mani 4 18Leonidas Fegaras 1.5 22Hong Su 2

17.5 M. Murata 4 18Torsten Schlieder 1.5 22Ioana Manolescu 2

17.5 Philip Wadler 4 20Elena Ferrari 1.45 22John Clements 2

17.5 Piero Fraternali 4 21John Miller 1.33 22Laurent Mignet 2

17.5 Stefano Paraboschi 4 24Anthony Finkelstein 1.25 22Leonard J. Seligman 2

17.5 Victor Vianu 4 24Bertram Ludascher 1.25 22Leonidas Fegaras 2

34.5 Alon Y. Levy 3 24F. Tian 1.25 22M. Klein 2

34.5 Amelie Marian 3 24I. Schena 1.25 22Mark Huckvale 2

34.5 Atul Puri 3 24M. Mani 1.25 22Nils Klarlund 2

34.5 Daniel S. Weld 3 28Letizia Tanca 1.2 22Noga Alon 2

34.5 Donald Kossmann 3 28Marin Dimitrov 1.2 22Olivier Liechti 2

34.5 Elena Ferrari 3 28S. Saeyor 1.2 22Serge Abiteboul 2

34.5 Elke A. Rundensteiner 3 30Donald Kossmann 1.17 22Seungyup Paek 2

34.5 Gregory Cobena 3 31Ernesto Damiani 1.15 22Torsten Schlieder 2

34.5 Harold Boley 3 32Stefano Paraboschi 1.12 22Troy Ames 2

34.5 I. Horrocks 3 33Piero Fraternali 1.07 22Wolfgang Müller 2

34.5 John Clements 3 34Philip Wadler 1.03 22Wolfram Conen 2

34.5 John Miller 3  22Zachary G. Ives 2

34.5 L. Libkin 3   

34.5 Letizia Tanca 3   

34.5 M. Gertz 3   

34.5 Maryann E. Martone 3   

34.5 Michel C. A. Klein 3   

34.5 Mihai Preda 3   

34.5 Peter Buneman 3   

34.5 S. Cluet 3   
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In terms of correlations, Pearson�s r�s were calculated for the 12 common authors among 

the top authors in Table 4. The r between author rankings by fractional and complete counts is a 

little higher than that between those by fractional and straight counts (.643 vs. .614), and the 

correlation between those by straight and complete counts is very low (.439).  

Again, it is clear that different counting methods result in significantly different author 

rankings. This difference is even bigger when ranking authors by number of publications than by 

number of citations, both in terms of correlations of common authors and the number of common 

top ranked authors shared by the three approaches. This is due, in part, to the much smaller 

number of papers being analyzed here by number of publications. However, it certainly calls for 

even more caution in the evaluation of scholars� productivity using number of publications as an 

indicator. Straight counts can be quite biased as indicated by the numbers mentioned above. 

The high ranks by fractional counts and low ranks by straight counts of D. Fensel, Dan 

Suciu, Serge Abiteboul and J. Simeon indicate that they often publish as coauthors, and the low 

ranks by fractional counts and high ranks by straight counts of M. Fernandez, Stefano Ceri and 

P. Buneman suggest that they often publish in large groups as first authors. About 40% of the 

authors who actively publish (14 out of 34 in list 2) are not among the top 100 highly cited 

authors by fractional counts. These authors are Mark Huckvale, Amarnath Gupta, Wolfgang 

Emmerich, Leonidas Fegaras, Torsten Schlieder, Elena Ferrari, John Miller, Anthony 

Finkelstein, F. Tian, I. Schena, M. Mani, Letizia Tanca, Marin Dimitrov, and S. Saeyor. This 

suggests that high productivity as indicated by number of publications does not necessarily mean 

high impact as indicated by number of citations. 

Author co-citation analysis 

Following the steps and using the techniques described at the end of the Methodology 

chapter, both �all author co-citation� analysis and �first author co-citation� analysis were 

conducted for ResearchIndex data, and results are presented in Table 5, Table 6, Figure 2, and 

Figure 4. 

Connectedness 

As in the pilot study, the connectedness of authors in the XML research field was examined 

by an inspection of the co-citation matrixes. According to White and Griffith (1980, 1982), the 

percentage of the matrix of co-citation counts that have non-zero cells, i.e. the percentage of 
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authors pairs that have been co-cited at least once, is an indicator of connectedness. A higher 

percentage indicates a more coherent field. 

There are 35.1% of cells with value of zero for the top 100 authors in the �all author co-

citation� matrix. When only the top 51 authors are considered, compared with the results from 

the pilot study, the percentage of cells with value of zero decreases from 12.2% to 8.7%, and that 

of authors who were co-cited or had co-authored with more than 90% of the authors increases 

from 58.8% to 74.5%. Considering that the data in the present study represent the core of XML 

research (due to the header-only data collection method), this suggests that XML research can be 

regarded as a coherent field especially the core of the field. It cannot, however, be said with 

much confidence that this also indicates that the connectedness has significantly increased during 

the year of 2001 because this change in connectedness may have been caused by the different 

data scopes resulting from the different data collection methods used in the two studies, namely 

searching for citing papers in Header only or in full text. Again, as pointed out in the pilot study, 

the resulting top authors are by no means regarded as �wholly definitive� of the XML research 

field although citedness above some threshold seems a good criterion for selecting authors in 

Author Co-citation Analysis (White & McCain, 1998). 

What has contributed to the high connectedness of the XML research field? The grouping 

of authors discussed earlier can shed some light on this issue. 

There exist several groups of authors in the list of top ranked authors as mentioned earlier 

in the section discussing author visibility indicated by number of citation. Scholars in the same 

group often coauthor papers. And some of them even coauthor many papers with scholars in 

other groups. These are usually scholars who have had chance to get involved in other groups� 

research projects. For example, Abiteboul, one of the leading people in the French group, was a 

visiting scholar at Stanford University for two years working on projects such as the Lore project 

with the Stanford database group. He coauthored many papers with this group during the time he 

visited Stanford and continued to do so after he returned to France. Ceri has similar experience. 

He visited Stanford for eight years and continued to coauthor papers with scholars at Stanford 

such as Widom after he returned to Italy and had his own group. Other examples include 

Florescu and Milo. 

Another situation when scholars coauthor with more than one group is students who 

worked in one group as students and another after they graduated. For example, Angela Bonifati 



69  

worked with the Italian group during her Ph. D. study and became a member of the French group 

upon graduation.  

These scholars certainly have played an important integration role in the research field for 

communication and information exchange.  

Intellectual structure of the field 

As Factor Analysis when applied in author co-citation analysis has shown to provide clear 

and revealing results as to the nature of the discipline (White and McCain, 1998), the intellectual 

structure of XML research as revealed from ResearchIndex data will be discussed mainly based 

on factor analysis results presented in Table 5 and Table 6, complemented by MDS maps as 

presented in Figure 2, Figure 3 and Figure 4. This will also make it possible to compare the 

results with the pilot study which only presented results from factor analysis. 

Kaiser�s rule of eigenvalue greater than 1 resulted in a five factor model which accounts for 

97.2% of the total variance, and the differences between observed and implied correlations are 

for the most part (almost 100%) smaller than 0.05. The factor names shown in the column 

headings of Table 5 and Table 6 were given based on the examination of the cited articles written 

by authors in the corresponding factors. Following White and McCain�s example, authors are 

ranked in the factor on which they load most highly and their loadings on other factors that are 

above 0.4, if any, are also presented, indicating their contributions to more than one specialty 

(White & McCain, 1998). If an author does not load 0.4 or higher on any of the factors, the 

author�s highest loading, whatever it is, is presented.  

If factors are interpreted as specialties, the results of the factor analysis presented in Table 

5 reveal a structure of specialties within the XML research field and the associated authors� 

memberships in one or more specialties.  

The largest specialty is obviously XML or semi-structured databases with the emphasis on 

XML query languages. Almost half of the authors belong to this area. The second largest 

specialty is the Foundations of XML or semi-structured data management and processing, to 

which about one quarter of the authors belong. These two specialties both deal with XML or 

semi-structured data management but with different emphases: design and implementation 

versus theory. They have been the most active areas in the XML research indicated by the size of 

the corresponding factors.  
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Table 5: Factor Analysis of 100 authors in the XML research field 
(ResearchIndex, “all author” co-citation) 

 

Authors 
 

XML or semi-
structured 
databases 

Foundations of XML 
or semi-structured 

data mgt. & proc.

Programming for 
/processing of XML 

data 

The 
Semantic 

Web

XML and 
Relational 
Database 

E. Bertino 0.97     

L. Tanca 0.94     

S. Comai 0.94     

E. Damiani 0.94     

S. Paraboschi 0.92     

P. Fraternali 0.91     

S. Ceri 0.88     

J. Lapp 0.86     

D. Schach 0.86     

A. Bonifati 0.85     

B. Ludascher 0.74     

J. L. Wiener 0.74     

J. Robie 0.73     

J. McHugh 0.72     

D. Quass 0.72     

A. Levy 0.72     

R. Goldman 0.70     

G. Hillebrand 0.70     

A. Deutsch 0.70     

Y. Sagiv 0.70     

M. F. Fernandez 0.69     

J. Widom 0.69     

D. Florescu 0.68     

A. Malhotra 0.68  0.50   

D. Suciu 0.68     

D. Maier 0.67     

A. O. Mendelzon 0.66     

G. Weikum 0.65     

H. Garcia-Molina 0.65     

S. Abiteboul 0.65     

J. D. Ullman 0.64 0.61    

S. S. Chawathe 0.64     

D. D. Chamberlin 0.63     

D. Beech 0.63    0.41

S. Cluet 0.62     

L. Mignet 0.61     

G. Ghelli 0.59     

M. J. Franklin 0.59     

Y. 
Papakonstantinou 0.58     
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Table 5  continued 

Authors 
 

XML or semi-
structured 
databases 

Foundations of XML 
or semi-structured 

data mgt. & proc.

Programming for 
/processing of XML 

data 

The 
Semantic 

Web

XML and 
Relational 
Database 

Pavel Velikhov 0.57     

R. Cattell 0.53     

C. Delobel 0.51     

V. Christophides 0.51     

P. Buneman 0.50 0.44    

G. Moerkotte 0.47     

J. Chen 0.45     

D. Kossmann 0.44    0.40

M. Kersten 0.43   -0.40  

E. Maler 0.32     

A. Gupta  0.99    

L. Libkin  0.97    

F. Neven  0.96    

W. Tan  0.92    

Richard Hull  0.89    

Scott Weinstein  0.89    

C. S. Hara  0.88    

Wenfei Fan  0.87    

Philip Wadler  0.82    

Victor Vianu 0.43 0.77    

H. Thompson  0.75    

J. Clark  0.74 0.43   

V. Apparao  0.71    

M. Champion  0.71    

S. B. Davidson 0.45 0.71    

S. DeRose  0.70    

H. Hosoya  0.69   0.43

B. Pierce  0.68   0.45

C. Beeri  0.67    

J. Simeon 0.46 0.59    

Matthew Fuchs  0.58 0.58   

Tova Milo  0.58    

K. Smaga 0.44 0.54    

M. Murata  0.53 0.46   

W. van der Aalst -0.46  0.71   

D. Lee -0.48  0.71  0.56

I. Jacobs   0.69   

D. Megginson 0.63  0.65   

A. Le Hors   0.65   

M. Felleisen -0.51  0.61   

T. Bray  0.53 0.60   

J. Paoli  0.52 0.60   
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Table 5  continued 

Authors 
 

XML or semi-
structured 
databases 

Foundations of XML 
or semi-structured 

data mgt. & proc.

Programming for 
/processing of XML 

data 

The 
Semantic 

Web

XML and 
Relational 
Database 

C. Sperberg-
MacQueen  0.52 0.59   

D. McKelvie -0.51  0.45   

R. Guha    0.95  

S. Decker    0.93  

D. Brickley    0.92  

R. Swick    0.91  

O. Lassila    0.91  

Michael Erdmann    0.87  

Dieter Fensel    0.83  

I. Horrocks    0.76  

T. Berners-Lee    0.73  

Michael Hanus    0.51  

M. Carey     0.55

Gang He    -0.41 0.54

J. 
Shanmugasundara
m     0.54

Kristin Tufte     0.54

Chun Zhang     0.51

David J. DeWitt     0.45

J. F. Naughton 0.42    0.44

 

 

 

 

The third and fourth factors, each of which consists of about 10 authors, represent the 

specialty Programming for and processing of XML  data and The Semantic Web respectively. 

Then there is a small group of authors labeled as XML and relational databases who represent 

the research focus of mapping of Data between Relational Database and XML, that is, the 

representation of XML data through relational database or of data in a relational database into 

XML format.  

Looking at the interrelationship among the specialties, just a visual inspection of the 

loading structure in Table 5 reveals that the specialty The Semantic Web is clearly separated from 

other specialties (with no overlap with any of the other four factors). It is different from the rest 
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of the field in that it attempts to add semantics to the Web using technologies such as XML while 

other specialties essentially deal with the syntax of XML.  

The oblique rotation procedure used here allows a quantitative examination of the 

relationships between the specialties by providing correlations between factors.  

The two highest positive correlations between factors are that between factor 1 and 5 

(0.545) and that between factor 2 and 3 (0.348).  

Factor 5, XML and Relational Database, is closely related to XML or semi-structured 

Databases (factor 1) because they both apply database theory and technology to the management 

of XML data. The difference is just that one uses relational database and the other semi-

structured database technology. This close relationship is confirmed by the same general location 

of these two groups on the MDS map (Figure 2) and the merging of the XML and relational 

databases group into the XML or semi-structured databases group when different factor models 

with a smaller number of factors were tried.  

Factor 2 (foundations) and 3 (processing) are closely related because they both deal with 

the processing of XML data. They are pulled close by some basic XML standards and 

specifications (e.g. XML and XSL) which clearly have an important position in both specialties: 

they are certainly the foundations of XML data processing and are used in the actual 

programming for XML data. For example, the three editors of the XML specification almost 

equally loaded on these two factors and J. Clark who is the author of XSLT and XPath loaded 

pretty high on factor 3 while primarily on factor 2.  

This structure discussed above can also be clearly seen on the MDS map (Figure 2). The 

two-dimensional solution presented in Figure 2 is quite powerful: the squared correlation (RSQ) 

value is 0.99 and the corresponding Stress 1 measure is 0.05. 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. 

As seen on the map, the group of authors who study XML and databases including XML or 

semi-structured databases and XML and relational databases are located on the right, the 

Foundations of XML or semi-structured data management and processing group along the 

bottom across from the left to the right, The Semantic Web group far way out on the upper left 

corner and the Programming group along the X axis on the left. 
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One of the two dimensions on the map (X axis) appears to be the degree of database 

technology being used. From the left to the right, the use of database technology becomes more 

frequent, and more intensive. This can be seen from the group structure: from The Semantic Web 

group at the far left end that has little to do with databases to the XML or semi-structured 

databases group at the right end in which the database technology is the focus. This can also 

been seen from the structure inside the Foundations of XML or semi-structured data 

management and processing group at the bottom: the core database people (e.g. Buneman, 

Ullman, Davidson, and Vianu) are at the right and the related XML standards and specifications 

Figure 2: MDS map of top 100 authors in the XML research field 
(ResearchIndex, �all author co-citation�) 
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that are not database related in their own right at the left (e.g. Apparao, Champion, Thompson, 

Paoli, Sperberg-MacQueen and Bray). The high negative correlation (-0.638) between The 

Semantic Web specialty and the XML or semi-structured databases group reinforces this 

observation. The meaning of the other dimension (Y axis), however, is not clear.  

Authors� secondary loadings reveal authors� significant contribution to different specialties. 

Authors who load on more than one factor represent the integration force in the research field. 

They either have written on more than one topic belonging to different specialties or their work 

has been perceived by citers as being relevant to more than one specialty. Authors who have 

written on more than one topic certainly have wider research interests and may have played a 

socially integration role in the research field by pulling two specialties closer in the citation 

analysis results through their collaboration with scholars in both specialties although these two 

specialties may not be that closely related intellectually. Authors whose work has been perceived 

as being relevant to more than one specialty are likely to have played a role in the intellectual 

integration of the research field, that is, their works are, say, the base of two or three specialties.  

Among the authors who have significantly contributed to both XML or semi-structured 

databases and Foundations of XML or semi-structured data management and processing, that is 

having high loadings on both factor 1 and 2, P. Buneman, S. Davidson and J. Simeon appear to 

belong to the former case (having written about topics in more than one specialties) while J. 

Ullman and V. Vianu to the latter (same works having been perceived as being relevant to more 

than one specialty). For example, Buneman and Davidson are faculty members of the University 

of Pennsylvania database group and have collaborated with both authors in factor 1 (e.g. 

Abiteboul, Suciu and Fernandez) and those in factor 2 (e.g. Fan and Weinstein who are both 

students in the Penn group). Ullman is a senior professor at Stanford University who has written 

many books on database technology. He was highly cited in the XML research field mostly due 

to two of these books: Principles of Database and Knowledge-base Systems (1989), and 

Introduction to Automata Theory, Languages, and Computation (1979).  

Present versus pilot study 

A comparison between the results of the intellectual structure from the present study and 

those from the pilot study may reveal some aspects of the difference between the core of XML 

research and XML research in a broader sense.  
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Author co-citation analysis in the pilot study identified five major areas of studies in the 

XML field through ResearchIndex data: (1) Management of XML data or semi-structured 

databases, (2) Middleware including mediators and distributed cooperative information systems, 

(3) XML standards and specification documents, (4) Knowledge representation or semantics for 

the Web, and (5) Algorithmic or logical foundations such as tree or graph transformers. The first 

two areas of study were found to be the largest.  

Table 5 indicates that although the major structure of this field remains the same, there are 

some significant differences between the results from the two studies.   

First, the two largest specialties have been distinguished from each other along different 

dimensions in the two studies.  

In the pilot study, the two specialties were different from each other largely in that the 

Management of XML data or semi-structured databases group was concerned with individual 

databases while the Middleware group with multiple databases.  

In the present study, the two largest database groups differ from each other by whether 

their work was theory oriented. The database group at University of Pennsylvania who studied 

keys and constraints of XML databases has played an important role in the Foundations 

specialty, including Libkin, Tan, Weinstein, Fan, Davidson and Buneman. And the Italian group 

and the database group at Stanford University have contributed significantly to the study of XML 

or semi-structured databases. 

The second significant difference is that authors of XML standards and specifications do 

not appear as a separate group in the present study. Instead, they are scattered into four of the 

five factors identified.  

For example, Robie (XQuery, XQL, DOM) and Chamberlin (XQuery) are in the first 

group, Clark (XPath, XSLT), Apparao (DOM), Champion (DOM), Thompson (XML schema) 

and DeRose (XLink, XPointer) in the second group, Jacobs (HTML), Le Hors (HTML, DOM), 

Bray (XML, namespaces in XML), Paoli (XML) and Sperberg-McQueen (XML) in the third 

group, and Brickley, Guha, Swick and Lassila (RDF) in the fourth group.  

It seems that in the core of XML research, groups of interactive standards or specifications 

are perceived as the foundation of different specialties once they have been formulated. For 

example, XML and XLink interact with DOM closely. Together they have served as the base of 

the study of XML data processing.   
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Third, it is not identified in the present study that the XML research is heavily referring to 

algorithmic or logical foundations, as was also observed earlier through author visibility analysis. 

Those authors representing these foundations such as Knoblock, Ashish and Bruggemann-Klein 

are not among the top 100 highly cited authors in the present study. Again, it appears that the 

core of XML research is not directly referring to the general computer science foundations as 

frequently as studies outside the core of XML research. 

Fourth, research that focuses on the programming for or the processing of XML data is 

perceived so much more important by the core of XML research that scholars in this area form a 

distinct group in the present study. This group includes the basic XML related standards and 

specifications such as XML and HTML, application of XML in workflow management (Aalst), 

and programming languages and interfaces (Megginson and Felleisen). 

As far as authors� positions in this structure are concerned, the three authors 

(Papakonstantinou, Garcia-Molina and Chawathe) who in the pilot study loaded significantly on 

both the Management of XML data group and the Middleware group but were primarily 

bestowed by SPSS as Middleware researchers, have all been placed in the XML or semi-

structured databases group in the present study. This indicates that the focus of their work on 

XML databases is not considered as foundations of XML data management and processing. On 

the other hand, the work by Davidson, Milo and Vianu is. These three scholars loaded high in the 

pilot study on the Management of XML data group and now in the present study appear as the 

primary researchers in the Foundations of XML data management and processing group.  

All authors picture versus first authors picture 

Co-citation analysis was also conducted for only first authors using techniques discussed in 

the Methodology chapter. The top 100 authors ranked by straight counts were selected to 

represent the XML research field, and results from Factor analysis and from MDS are presented 

in Table 6 and Figure 3 respectively.  

Kaiser�s rule of eigenvalue greater than 1 resulted in an eleven factor model which 

accounts for 96% of the total variance, and the differences between observed and implied 

correlations are for the most part (almost 100%) smaller than 0.05. The results are presented in 

Table 6 which is organized in the same way as Table 5. 
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Table 6: Factor Analysis of 100 authors in the XML research field 
(ResearchIndex, “first author” co-citation) 

 

Authors 
 
 

XML or 
semi-

struct-
ured 
DBs 

Found
ations 

XML 
data 
mgt. 

The 
Seman-
tic Web

Prog. 
/proc. 

XML 
data NLP

Version 
mgt.

Func-
tional 

and 
Logic 
Prog.

DB 
and IR 
found-
ations KM 

Access 
ctl.

Data 
inte-

gration

L. Fegaras 0.84           

S. Adler 0.79           

J. F. Naughton 0.74           

P. Atzeni 0.61           

D. Maier 0.56           

D. D. Chamberlin 0.56           

R. Cattell 0.55           

M. J. Carey 0.53           

D. Beech 0.48           

F. Bancilhon 0.45 0.43          

J. 
Shanmugasundar
am 0.43           

V. Christophides 0.42           

J. Widom 0.41           

J. Miller 0.40           

S. Cluet 0.39 0.38          

A. Y. Levy 0.38           

D. Florescu 0.36           

J. McHugh 0.36           

S. Abiteboul 0.35 0.31          

A. Deutsch 0.34       0.33    

M. Fernandez 0.34           

R. Goldman 0.33           

C. Baru  1.03          

S. Cosmadakis  0.99          

F. Neven  0.97          

W. Fan  0.92          

R. Ramakrishnan  0.90          

D. Calvanese  0.89          

V. Apparao  0.88          

J. Ullman  0.84          

P. Wadler  0.84          

H. Thompson  0.74          

T. Bray  0.72          

C. Beeri  0.67          

J. E. Hopcroft  0.67  -0.43        
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Table 6  continued 

Authors 
 
 

XML or 
semi-

struct-
ured 
DBs 

Found
ations 

XML 
data 
mgt. 

The 
Seman-
tic Web

Prog. 
/proc. 

XML 
data NLP

Version 
mgt.

Func-
tional 

and 
Logic 
Prog.

DB 
and IR 
found-
ations KM 

Access 
ctl.

Data 
inte-

gration

J. Clark  0.64          

H. Hosoya  0.61          

P. Fankhauser  0.57          

P. Buneman  0.56          

A. Davidson  0.53          

A. Sahuguet  0.49  -0.44        

L. Cardelli  0.42          

Y. 
Papakonstantinou  0.40          

T. Milo  0.38          

D. Fensel   0.92         

D. Brickley   0.92         

O. Lassila   0.91         

I. Horrocks   0.85         

T. Berners-Lee   0.84         

P. Biron   0.75         

S. Decker   0.75         

D. Megginson    -0.84        

D. Lee    -0.74        

A. Aho    -0.70        

N. Klarlund    -0.67        

M. Murata  0.42  -0.64        

R. Bourret    -0.62        

E. Maler    -0.61        

D. Fallside    -0.51        

C.-C. Kanne    -0.44        

L. Wood    -0.43 0.43       

A. Schmidt    -0.41        

J. Bosak 0.35   -0.37        

H. Jagadish     0.82    0.45   

M. Kay     0.74       

N. Walsh     0.67       

J. K. Ousterhout     0.66       

C. Barras     0.63       

D. McKelvie     0.36       

A. Albano     -0.33       

G. Ghelli     -0.33       

L. Liu      0.95      

A. Marian      0.94      

S.-Y. Chien      0.88      

J. Chen      0.60      
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Table 6  continued 

Authors 
 
 

XML or 
semi-

struct-
ured 
DBs 

Found
ations 

XML 
data 
mgt. 

The 
Seman-
tic Web

Prog. 
/proc. 

XML 
data NLP

Version 
mgt.

Func-
tional 

and 
Logic 
Prog.

DB 
and IR 
found-
ations KM 

Access 
ctl.

Data 
inte-

gration

S. S. Chawathe      0.36      

E. Harold       0.91     

H. Boley       0.72     

M. Hanus       0.69     

C. Goldfarb        0.84    

H. Meuss        0.76    

M. P. Marcus        0.75    

G. Navarro        0.74    

R. Baeza-Yates        0.59    

E. Baralis        0.57    

J. Paredaens        0.53    

A. Bonifati        0.51    

Stefano Ceri        0.45    

A. Aiken        0.45    

H. Liefke        0.44    

S. DeRose        0.44    

J. Robie  0.33      0.38    

C. Freitag         0.81   

P. McBrien         0.51   

E. Bertino          1.03  

E. Damiani          0.90  

A. Gupta           1.06

M. Kifer           0.57

B. Ludascher           0.52

S. Nestorov           0.34

 

 

 

 

Figure 3 is the two dimensional MDS map. The RSQ and Stress 1 are 0.98 and 0.07 

respectively, indicating that this two dimensional solution is quite powerful. As in Figure 2, a 

light dot has been placed at the origin and four circles around it to show the distance of author-

points to the origin as an aid to the interpretation. 
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A comparison between results in Table 5 and those in Table 6 reveals that the major 

subfield structure of the XML research field is about the same for both �first author co-citation� 

analysis and �all author co-citation� analysis, probably due to the independence of the 

intellectual structure of a field. However, the number of subfields and authors' relative positions 

are different between the two results.   

Both types of co-citation analysis have identified four major specialties in the XML 

research field: (1) XML or semi-structured databases, (2) Foundations of XML or semi-

structured data management and processing, (3) programming for or processing of XML  data, 

Figure 3: MDS map of top 100 authors in the XML research field 
(ResearchIndex, �first author co-citation�) 
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and (4) The Semantic Web. This can be seen from the fact that almost all common authors in 

these four factors have been placed in the same factors in the two types of analysis. The first two 

specialties are the most active ones indicated by the number of authors working in those areas 

(the size of the corresponding factors). The Semantic Web group has little to do with the other 

three specialties. In fact, this group has a high negative correlation in both types of analysis with 

the XML or semi-structured databases group and these two groups are located at the opposite 

ends on the MDS maps (Figure 2 and Figure 3).  

This structure is pretty clear in the results from �all author co-citation� analysis as seen in 

Table 5 and Figure 2 considering that the XML and Relational Databases group is so highly 

correlated with the XML or semi-structured databases group as discussed earlier.  

In the case of the �first author co-citation� analysis results, the Programming for or 

processing of XML  data specialty is more distinct than in the �all author co-citation� analysis. 

There are more authors falling into this factor who represent low level design issues and XML 

related standards or specifications such as XLink and XPointer by Maler, DDML (Document 

Definition Markup Language) by Bourret, DOM by Wood, and schema studies by Lee, Murata 

and Klarlund. These authors may have pushed Bray, one of the editors of the XML specification, 

away from this factor to the Foundations of XML or semi-structured data management and 

processing factor on which he loaded almost as high as the Programming factor in the �all author 

co-citation� analysis. Also, in addition to these four major specialties, there are some more 

specialties identified in the �first author co-citation� analysis. The largest two are Natural 

Language Processing (NLP) which often involves natural text, and General database and 

information retrieval foundations, in which authors, rather than working with XML per se, have 

tended to discuss general database and information retrieval technologies that can be applied in 

XML research. The remaining factors have captured some tightly focused small groups including 

Version management, Data integration, Functional and Logic Programming in XML, Knowledge 

management (KM), and Access Control.  

The congruent major structure can also been seen from Figure 4 which plots the moves of 

authors that are common to both the �all author co-citation� and the �first author co-citation� 

analysis, from their positions on the �all author co-citation� map (Figure 2) to those on the �first 

author co-citation� map (Figure 3). These moves are indicated by arrows.  
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Figure 4: Moves of authors common to Figure 2 and Figure 3 
(Moves are indicated by arrows pointing from their positions on Figure 2 to those on Figure 3) 

 

 

 

It can be clearly seen that many authors, such as those in the XML or semi-structured 

databases group located at the right, have not moved much. They stay in the same general 

location within the same group. Authors that do have moved seem to have done so as a group, 

indicating that the specialties they represent still exist but are relocated with the emerging of 

other specialties. Examples include authors in The Semantic Web group on the left side and the 

Foundations of XML or semi-structured data management and processing group along the 

bottom. Most of them have moved in roughly the same direction for about the same distance. A 

few obvious exceptions include Gupta, Bertino and Damiani, who have been regrouped into 

other small specialties that did not emerge on the �all authors� map. In other words, Figure 4 
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shows that the grouping remains about the same and that just the layout of the maps is different 

from �all author co-citation� to �first author co-citation� analysis. 

The correlation matrix produced by the Factor routine can help with the examination of the 

interrelationship between the specialties identified through �first author co-citation� analysis. 

Table 7 only presents the value in the upper half of the matrix that are higher than 0.3 to let the 

most significant correlations stand out. 

 

 

Table 7: Correlations between factors 

in the “first author” co-citation analysis (greater than 0.3) 

 

Factor 1XML 
DBs 

2Foun-
dations

3Semantics 4XML 
Prog.

5NLP6Vers. 
Mgt.

7logic 8DB&IR 
Foundations

9KM10Access 
ctrl. 

11inte-
gration

1  .413 -.311 .487 .428 .303 .398

2  -.514 -.346 .302  

3  .349 -.358  -.359

4   

5   -.349

6   

7   

8  .331 .481 .309

9   .302

10   

11   

 

 

 

The XML or semi-structured databases specialty is highly related with many other 

specialties such as Foundations of XML or semi-structured data management and processing 

(.413), Database and IR foundations (.487), Knowledge management (.428), and Data 

integration (.398). Many specialties, such as XML or semi-structured databases (.487), 

Foundations of XML data management and processing (.302), Knowledge management (.331), 

Access control (.481), and Data integration (.309), have significantly drawn from general 

database and information retrieval foundations. The Semantic Web group has a positive 

correlation (.349) with the NLP group and negative correlations with the XML or semi-structured 

databases (-.311), Data integration (-.359), and Version management (-.358) groups. This 

suggests that this specialty is closely related with NLP research but is very different from the 
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other three groups, probably in that it has little to do with database technology while database 

technology is a focus of the other three groups. The high negative correlation between the 

Foundations of XML or semi-structured data management and processing group and 

Programming for or Processing of XML Data group (-.514) is possibly due to the same reason, 

namely the very different degree of database technology being used in the two specialties.  

Some of these observations are reinforced by the placement of these groups on the MDS 

map as seen in Figure 3. For example, as in the �all author co-citation� analysis (Figure 2), The 

Semantic Web group and the XML or semi-structured databases group are located at two 

opposite ends of the map. The NLP group is placed in the same general location as The Semantic 

Web group.  

In summary, the major difference between the structure revealed through �all author co-

citation� analysis and that through �first author co-citation� analysis are (1) the number of 

specialties identified and (2) the cohesion level of specialties identified. The picture produced 

through �all author co-citation� analysis contains author groups that are more coherent and is 

therefore clearer. However, the same picture represents fewer specialties in the research field 

being studied than that produced through �first author co-citation� analysis. 

The first difference is probably due to the different methods used in selecting the 

representative authors to be included in the analyses. Since �complete counts� are used in the �all 

author co-citation� analysis, authors who often publish as co-authors have the same chance as 

first authors to be selected into the analysis. These authors, however, are not likely to be able to 

make the cut to the top ranked authors in the �first author co-citation� analysis that uses �straight 

counts� to select authors. Co-authors usually have been working on the same general topics and 

their being included in the analysis tends to push out from the list of top ranked authors other 

authors who may represent different research topics. As a result, the same number of top ranked 

authors are likely to represent more research topics in �first author co-citation� than in �all 

author co-citation� analysis. In other words, when the same number of highly cited authors is 

selected, �all author co-citation� analysis seems to only reveal a picture of the most active 

research specialties while �first author co-citation� analysis can cover more specialties in the 

research field being studied.  

The second difference seems to be due to the co-citation counting methods used in the two 

types of analysis. The �all author co-citation� takes into account co-authorship that is, in some 
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sense, an even closer relationship between scholars. It also takes into account co-citations 

received by scholars when they appeared as non-first authors. In other words, more links 

between scholars are considered in �all author co-citation� analysis. As a result, related authors 

tend to get higher co-citation counts in �all author co-citation� than in �first author co-citation� 

analysis, which ties authors in the same groups closer and pulls authors in different groups 

farther away from each other, resulting in a clearer picture. This can be easily seen from the 

MDS maps: the four groups in Figure 2 are quite clear cut whereas those in Figure 3 have much 

more overlaps even between the four major groups common to these two maps.  
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COMPARISON OF SCHOLARLY COMMUNICATION 

PATTERNS BETWEEN THE WEB AND PRINT JOURNALS 
 

 

 

The current chapter presents a comparison of scholarly communication patterns between 

print journals as indexed by SCI and the Web as indexed by ResearchIndex. 

General results 

As seen from the previous chapter, a search conducted on December 18, 2001 on �XML� 

or �eXtensible Markup Language� using ResearchIndex.com resulted in 312 papers after 

removing duplicates. These papers altogether made 4578 citations, that is, 14.7 citations per 

paper on average. Among the citations, 21.6% (987) are proceedings, 21.6% (991) are Web 

publications, 2.3% (105) are technical reports, and 2.5% (115) are from books.  

The same search using SCI was also conducted on December 18, 2001, and resulted in 374 

papers with reference lists. These papers made 6782 citations, that is, 18.1 citations per paper in 

average. Among the citations made, 20.6% (1399) are proceedings. The author was not able to 

calculate the percentage of other types of documents in SCI due to the limited amount of 

information SCI provides about cited papers.  

Among the citing papers, there are 26 common to both ResearchIndex and SCI (Appendix 

VI) that accounts for 7% of papers in SCI and 8% in ResearchIndex. Clearly, the percentage of 

papers shared by the two data sources is very low. This means that in the XML research field, 

papers published in journals are not largely made available on the Web and papers published on 

the Web are not well represented in SCI. Since papers publicly available on the Web tend to have 

more impact on research (Lawrence, 2001), there appears to be a need in scholarly 

communication in the XML research field to promote the public availability of research papers 

on the Web in order to improve the efficiency of communication. 
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Intellectual structure  

To compare the intellectual structures revealed from the Web and from print journals, 

results from author co-citation analyses of ResearchIndex data were compared with those from 

author co-citation analyses of SCI data, controlling for data scope and methods of citation 

counting. Results from ResearchIndex are presented earlier in Table 5, Table 6, Figure 2 and 

Figure 3. And results from SCI are presented below in Table 8, Table 9, Figure 5 and Figure 6. 

Table 8 and Figure 5 present respectively the results from Factor Analysis and 

Multidimensional Scaling of highly cited XML researchers selected from the SCI entire 

database, and Table 9 and Figure 6 present those from computer science journals in SCI. The 

tables are organized in the same way as Table 5, and the maps are presented in the same way as 

Figure 2. Two-dimensional solutions are chosen for the visual display of author co-citation 

networks because they are in both cases quite powerful: the RSQ values are 0.98 (SCI) and 0.97 

(SCI computer science journals) and the respective values for Kruskal�s Stress 1 measure are 

0.07 and 0.08. Kaiser�s rule of eigenvalue greater than one resulted in a seven factor model from 

the SCI entire database and an eight factor model from the Computer Science journals in SCI, 

which explain 94.6% of the total variance in both cases. Also in both cases, the differences 

between observed and implied correlations were for the most part (99% and 100% respectively) 

smaller than 0.05.  

 

 

Table 8: Factor Analysis of 100 authors in the XML research field (SCI) 

 

Authors 
 

XML 
databases 

Web 
Standards

XML and 
Chemistry

Conceptual 
modeling 
and formal 
vocabularies

Intelligent 
Web service 
management 
and 
integration 

Intelligent 
Software 
Agents 
on the 
Web 

XML and 
Medical 
Informatics

D. Maier 0.67       

A. Bonifati 0.65       

S. Ceri 0.62       

W. B. Frakes 0.62       

H. Liefke 0.60       

A. Deutsch 0.60       

R. Goldman 0.59       

J. Robie 0.58       

S. Chawathe 0.57       
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Table 8  continued 

Authors 
 

XML 
databases 

Web 
Standards

XML and 
Chemistry

Conceptual 
modeling / 
formal 
vocabularies

Intelligent 
Web service 
management 
and 
integration 

Intelligent 
Software 
Agents 
on the 
Web 

XML and 
Medical 
Informatics

B. Ludascher 0.57       

J. Mchugh 0.56       

D. Lee 0.56       

J. Shanmugasundara 0.55       

D. Florescu 0.54       

D. Chamberlin 0.53       

J. Widom 0.52       

M. Fernandez 0.51       

S. Abiteboul 0.51       

D. Suciu 0.51       

D. Beech 0.51       

C. Beeri 0.50       

F. Neven 0.49       

C. Baru 0.48       

P. Buneman 0.48       

R. G. Cattell 0.47       

T. Milo 0.47       

P. Wadler 0.47       

S. Cluet 0.46       

M. Murata 0.46       

D. Calvanese 0.45       

A. Aiken 0.45       

V. Christophides 0.44       

Y. Papakonstantino 0.44       

M. Carey 0.43       

H. Hosoya 0.42       

M. Kifer 0.42       

F. Bancilhon 0.42       

G. Wiederhold 0.37       

D. Brickley  1.00      

V. Apparao  0.98      

L. Wood  0.94      

E. Maler  0.92      

S. J. Derose 0.45 0.92      

O. Lassila  0.91    -0.41  

C. F. Goldfarb  0.91      

B. Bos  0.90      

A. Layman  0.89      

T. Bray  0.89      

C. M. Sperbergmcqueen  0.87      

S. Adler  0.87      
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Table 8  continued 

Authors 
 

XML 
databases 

Web 
Standards

XML and 
Chemistry

Conceptual 
modeling / 
formal 
vocabularies

Intelligent 
Web service 
management 
and 
integration 

Intelligent 
Software 
Agents 
on the 
Web 

XML and 
Medical 
Informatics

E. R. Harold  0.86      

J. Bosak  0.84      

J. Clark  0.81      

F. Halasz  0.79      

D. Raggett  0.78   -0.50   

R. Khare  0.76      

T. Bernerslee  0.74      

J. Hunter  0.74      

H. W. Lie  0.73      

D. Connolly  0.72      

M. Bieber  0.70      

H. S. Thompson 0.42 0.68      

K. Gronbaek  0.66      

O. Casher   -1.04     

H. S. Rzepa   -1.02     

G. V. Gkoutos   -1.02     

S. Weibel   -0.94     

P. Murrayrust   -0.88     

D. Fenyo   -0.85     

P. PS. Chen 0.45   0.78    

D. A. Benson    0.77    

D. Gardner    0.73    

J. J. Cimino    0.55   0.46

A. Bruggemannklein    -0.60    

D. Knuth  0.43  -0.53    

L. Cardelli    -0.47    

A. Ohori    -0.40    

C. A. Knoblock     -0.86   

N. Kushmerick     -0.79   

A. O. Mendelzon     -0.76   

P. Atzeni     -0.74   

C. Allen -0.44 0.55   -0.69   

G. Arocena     -0.66   

A. Sahuguet     -0.64   

H. Garciamolina     -0.57   

D. Fensel     -0.46   

L. Liu     -0.45   

P. A. Bernstein     -0.43   

M. Wooldridge      -0.86  

S. Decker      -0.86  

J. D. Ullman      -0.46  
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Table 8  continued 

Authors 
 

XML 
databases 

Web 
Standards

XML and 
Chemistry

Conceptual 
modeling / 
formal 
vocabularies

Intelligent 
Web service 
management 
and 
integration 

Intelligent 
Software 
Agents 
on the 
Web 

XML and 
Medical 
Informatics

H. V. Jagadish   0.43   -0.42  

L. Alschuler       0.96

R. H. Dolin       0.93

G. Hripcsak       0.92

C. E. Kahn       0.87

C. Friedman       0.87

M. Jarke  -0.45 0.45    -0.49

A. Gupta 0.31 -0.30      

A. Levy 0.30    -0.35 -0.35  

 

 

Table 9: Factor Analysis of 100 authors in the XML research field 
(SCI computer science journals) 

Authors 
 

XML 
DBs 

Web 
stand-
ards 

Intelligent web 
service mgt. 
and 
integration 

Found-
ations 
(formal 
lang.) 

XML for 
medical 
decision 
support 

Intelligent 
Software 
Agents on 
the Web 

The 
semantic 
Web 

XML for 
medical data 
exchange / 
Hypermedia

A. Salminen 0.85        

A. Bonifati 0.85        

W. B. Frakes 0.80        

S. Ceri 0.75        

D. Maier 0.74        

D. Chamberlin 0.73        

R. Goldman 0.73        

J. Robie 0.73        

N. Ide 0.72        

D. Florescu 0.72        

J. Shanmugasundara 0.70        

B. Ludascher 0.69        

A. Deutsch 0.69        

D. Beech 0.68        

R. Kimball 0.68        

J. Mchugh 0.67        

K. Bohm 0.66        

M. Kifer 0.62        

P. PS. Chen 0.62        

M. Fernandez 0.61        

S. Abiteboul 0.57        

C. Beeri 0.57   -0.44     

S. Chawathe 0.56      -0.47  
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Table 9  continued 

Authors 
 

XML 
DBs 

Web 
stand-
ards 

Intelligent web 
service mgt. 
and 
integration 

Found-
ations 
(formal 
lang.) 

XML for 
medical 
decision 
support 

Intelligent 
Software 
Agents on 
the Web 

The 
semantic 
Web 

XML for 
medical data 
exchange / 
Hypermedia

P. Buneman 0.55        

D. Suciu 0.55        

D. Calvanese 0.54   -0.41     

J. Widom 0.53        

H. Thompson 0.52        

V. Christophides 0.52        

F. Bancilhon 0.52        

S. J. Derose 0.51       -0.47

S. Cluet 0.50        

R. GG. Cattell 0.49        

T. Milo 0.49   -0.49     

D. Lee 0.49  -0.42      

Y. Papakonstantino 0.49        

M. Murata 0.48        

G. Wiederhold 0.44        

D. Dubois 0.41        

A. Gupta 0.34      -0.30  

D. Knuth  0.89  -0.42     

P. Ciancarini  0.65       

C. F. Goldfarb 0.50 0.63       

V. Apparao  0.60       

E. Maler  0.59       

T. Bray  0.59       

B. Bos  0.51       

C. M. 
Sperbergmcqueen  0.50       

J. Bosak  0.47       

J. Clark  0.47       

A. Layman  0.47     0.40  

P. Murrayrust  0.41       

L. Wood  0.40       

R. Khare  0.35     0.32  

E. R. Harold  0.34     0.32  

C. Knoblock   -1.02      

D. Raggett   -0.96      

P. Atzeni   -0.95      

A. Sahuguet   -0.95      

D. Konopnicki   -0.91      

N. Kushmerick   -0.91      

A. O. Mendelzon   -0.90      

G. Arocena   -0.75      

B. Adelberg   -0.66      
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Table 9  continued 

Authors 
 

XML 
DBs 

Web 
stand-
ards 

Intelligent web 
service mgt. 
and 
integration 

Found-
ations 
(formal 
lang.) 

XML for 
medical 
decision 
support 

Intelligent 
Software 
Agents on 
the Web 

The 
semantic 
Web 

XML for 
medical data 
exchange / 
Hypermedia

H. Garciamolina   -0.65      

A. Dogac   -0.60      

P. A. Bernstein   -0.56      

A. Levy   -0.53      

L. Liu   -0.51      

A. Hunter   -0.46      

D. Fensel   -0.43      

D. Harel   -0.40      

D. Remy    -0.98     

A. Bruggemannklein    -0.85     

L. Cardelli    -0.80     

A. Ohori    -0.78     

A. Aiken    -0.68     

H. Hosoya 0.41   -0.62     

F. Neven 0.44   -0.60     

P. Wadler 0.48   -0.51     

D. F. Lobach     0.84    

R. N. Shiffman     0.83    

L. Ohnomachado     0.83    

G. Hripcsak     0.59    

D. Connolly     -0.40    

M. Wooldridge      -1.00   

D. A. Benson       -0.80  

S. B. Davidson       -0.75  

O. Lassila       0.55  

S. Decker 0.52     -0.50 0.54  

D. Brickley 0.34 0.36  0.35   0.36  

S. B. Johnson        0.76

L. Alschuler        0.74

C. Friedman        0.72

J. J. Cimino        0.65

R. H. Dolin        0.60

S. Chakrabarti      0.44  -0.63

K. Gronbaek        -0.58

F. Halasz      0.31  -0.40

T. Bernerslee  0.31      -0.39
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Entire SCI database versus computer science journals in SCI 

A comparison between Table 8 and Table 9 and between Figure 5 and Figure 6 reveals that 

the intellectual structure of the XML research field revealed from co-citation analysis of SCI data 

largely remains the same whether the entire database or only the portion indexing computer 

science journals is used in searching for citing papers. 

The major specialties identified from both data sets include (1) Management of XML or 

semi-structured databases, (2) Web standards, specifications and guidelines, (3) Intelligent Web 

service management and integration, (4) Foundations (formal languages), (5) Intelligent 

Software Agents on the Web, and (6) XML for medical informatics.  

The only specialty that was identified from the entire SCI database that did not occur 

separately as a specialty from the computer science data is XML and Chemistry.  This was 

probably because only one author in that group, Murray-Rust, made the cut to the list of highly 

cited authors included in the analysis based on the computer science data.  As one of the editors 

of the Chemical Markup Language (CML), he is reasonably placed in the Web standards, 

specifications and guidelines specialty in the analysis of computer science data. 

Specialties that have been identified from computer science data but not from the entire 

SCI database include The Semantic Web, Hypermedia and hypertext, and XML for medical 

decision support which is a subspecialty in the XML for Medical informatics specialty that 

distinguishes itself from the other group (XML for medical data exchange) in the same specialty 

by focusing on decision support rather than data exchange.  

The congruent major structure can also be clearly seen from the maps: the layout of the two 

maps and the grouping of scholars indicated by the placement of author-points are almost 

identical except that the XML for medical informatics group on the lower left corner is more 

distinct and further way out from the rest of the field on the map from SCI computer science 

data. This was probably because more authors in this specialty have made the cut to the list of 

highly cited authors being included in the analysis of the computer science data, and they have 

tied this specialty more closely and have pulled it away from other specialties.  

It appears that research on XML and Chemistry was not largely published in journals that 

are considered by the SCI database as belonging to computer science while studies on XML for 

medical decision support are. The fact that The Semantic Web and Hypermedia and hypertext 
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become distinct groups suggests that research in these areas is relatively more intensive in 

computer science journals than in the entire SCI database. The work of these groups is treated in 

the entire SCI database more as general guidelines, as indicated by authors in these groups here 

being placed in the Web standards, specifications and guidelines group in the results from the 

entire database.  

 

 

 

 

 

 

Web versus journals 

As far as the comparison between the Web and journals is concerned, the present study has 

observed more difference than congruence in the intellectual structure revealed from the 

Figure 5: MDS map of top 100 authors in the XML research field (SCI) 
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ResearchIndex data and that from the SCI data, and has identified some medium-specific features 

in the intellectual structures revealed. 

Big differences were observed between the intellectual structures revealed, even when the 

same citation counting method was used, that is when comparing results from the entire SCI 

database (Table 8 and Figure 5) and those from ResearchIndex using straight counts (Table 6 and 

Figure 3).  

 

 

 

 

 

 

Clearly, XML research represented in ResearchIndex and that reported by SCI have been 

concerned with very different issues with different emphases. This is indicated by the different 

Figure 6: MDS map of top 100 authors in the XML research field 
(SCI computer science journals) 
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factors emerging and by the size of factors and how clearly a factor is separated from others. 

Web standards, specifications and guidelines was a distinct group in the structure from SCI data 

but was scattered into all specialties in that from ResearchIndex data. The Semantic Web group 

was quite distinct on the Web but did not appear as a separate specialty in journals. Unlike on the 

Web, authors in journals appear to still refer regularly to general computer science foundations 

(formal languages). Moreover, applications of XML in chemistry and medical science were two 

distinct groups in journals but did not occur at all on the Web. And it is true the other way 

around with the two specialties Programming for and processing of XML data and Information 

retrieval foundations.  

 

 

 

 

 

Different concerns and emphases on the Web and in journals can also been seen from the 

regrouping of the authors who were common to both Table 8 and Table 6, as indicated on the 

map in Figure 7. This map depicts the moves of these authors, indicated by arrows, from their 

positions resulting from ResearchIndex data using straight counts (Figure 3) to those from SCI 

Figure 7: Regrouping of highly cited authors common to Figure 3 and Figure 5 
(Moves are indicated by arrows pointing from positions on Figure 3 to those on Figure 5) 
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data (Figure 5). It clearly shows the changes of position of author-points mentioned above, that is 

authors moving from The Semantic Web and the Foundations of XML and semi-structured data 

management and processing specialties to form a distinct Web standards, specifications and 

guidelines group. These moves are indicated by those arrows heading to the scattering across the 

top.  

Other significant moves include that of Decker and Fensel, both starting from The Semantic 

Web specialty but heading to different groups. Actually, as seen in Table 8, Fensel along with 

Sahuguet and Liu has moved to join some other scholars that emerged in the analysis of SCI data 

in the specialty Intelligent web service management and integration, and Decker has been 

regrouped into the Intelligent Software Agents on the Web specialty with Wooldridge. It seems 

that although the new Semantic Web specialty has not yet been as well represented in journals as 

on the Web, the trend of long existing specialties, such as Software agents and Data management 

and integration on the Web, heading to the Semantic Web direction has been clearly reflected in 

journals but not on the Web. This might be because the inertia of a specialty makes long existing 

specialties tend to continue publishing in traditional media such as the journal that may have 

served them quite well, resulting in more publications in journals than through new channels 

such as the Web. This inertia effect does not exist in emerging specialties such as The Semantic 

Web. 

There are two aspects in which congruence was observed between results from the entire 

SCI database (Table 8 and Figure 5) and those from ResearchIndex using straight counts (Table 

6 and Figure 3).  

The first one is that XML or semi-structured data management is the most active research 

area in the XML research field. About forty percent of authors in the analyses were placed in this 

research area. Authors working in this area form a single group in the results from the SCI data 

while, in those from ResearchIndex data, this research area split into two, which was also seen in 

the pilot study. 

The second congruence, as seen from the maps (Figure 3 and Figure 5), is that the 

dimension of the degree of database technology being involved in the research dominates the 

structure of the XML research in both sets of results. From left to right, the involvement of 

database issues in the research becomes more and more intensive with scholars working on The 

Semantic Web at the left end and those on XML and semi-structured databases at the far right. 
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In the comparison between SCI computer science data and ResearchIndex data using 

straight counts which filters out both the coverage and citation counting method concerns (see 

Table 6, Figure 3, Table 9 and Figure 6 for the results from analyses of these two datasets), the 

differences identified from the comparison between the SCI entire database and ResearchIndex 

as discussed above have become slightly smaller. For example, the distinct specialty in the 

results from ResearchIndex data, The Semantic Web, was also identified from the computer 

science journals in SCI although not as distinctly, and the application of XML in chemistry was 

not identified as a distinct specialty in either set of results. On the other hand, other research 

groups were identified from the computer science journals in SCI which did not emerge from 

ResearchIndex, such as XML for medical decision support and Hypertext. Data scope seems to 

have played a role in the differences identified between the Web and the journals. 

Additional differences were observed when comparing the �all author co-citation� structure 

resulting from ResearchIndex data (Table 5 and Figure 2) and the �first author co-citation� 

structure from the entire SCI database (Table 8 and Figure 5). These differences include fewer 

but more coherent specialties identified and thus a clearer grouping result from the �all author 

co-citation� analysis of ResearchIndex data. They however do not seem to be medium related. 

Instead, they are similar to those between the �all author co-citation� and the �first author co-

citation� pictures discussed in the previous chapter, and thus are probably also due to the 

different citation counting methods used in selecting highly cited authors being included and the 

different co-citation counting methods in examining co-citation links in the two analyses.  

Present versus pilot study 

The pilot study, which only compared results from the SCI entire database and those from 

the �all authors co-citation� analysis of ResearchIndex data, showed that three research areas in 

the XML field identified from ResearchIndex data were also identified from SCI data. They are 

Management of XML or semi-structured databases and Middleware, XML related standards or 

specifications, and The Semantic Web. However, the two big and heavily overlapping research 

areas identified from ResearchIndex data, namely Management of XML or semi-structured 

databases and Middleware, were not distinguished by SCI data. Compared to the structure 

revealed by ResearchIndex data, the picture produced from SCI data was more complicated, 

consisting of more small areas and more authors with multiple memberships. These differences 

were attributed to either SCI�s wider coverage of disciplines, or ResearchIndex�s ability of 
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supporting complete counts which result in higher citation and co-citation counts, or the 

differences between the Web-based group of authors and the journal-centered group (Zhao & 

Logan, 2002).  

Results from the present study as discussed above, however, revealed a somewhat different 

picture. While it is true that the two big database groups identified from ResearchIndex data are 

not distinguished by SCI data, there are not so many common specialties identified from the two 

datasets. In addition, the picture produced from SCI data is not more complicated (actually it 

seems to be the opposite) than the structure revealed by ResearchIndex data when the same 

citation counting method was used.  

It is clear now that the difference observed in the pilot study in the complexity level 

between results from ResearchIndex data and those from SCI data was largely due to 

ResearchIndex�s ability of supporting complete counts which account for more links between 

related authors.  

It is not so clear why the two database groups in the results from ResearchIndex data kept 

merging into one single group in the results from SCI data. One possible explanation is that the 

intellectual difference between the two groups was blurred or weakened in the print world by 

authors� citing behavior resulting from concerns other than intellectual connections. Such 

concerns may include whether it is easier for a paper to be accepted by a journal or conference if 

it cites the editors or program chairs. Citations to these people may have pulled these two groups 

together as scholars in these two groups go to the same set of journals and conferences. 

However, nothing can be claimed with any certainty before this is evidenced by further studies. 

It is difficult to explain why not as many common specialties were identified from the two 

data sources in the present study as in the pilot study. Searching for citing papers in �Header� 

fields in the present study instead of all fields as in the pilot study was hoped to result in more 

comparable data with SCI and consequently smaller difference in the results. The unexpected 

fewer common specialties identified thus invite an explanation by the rapid development of 

XML research. It seems that the studies indexed in ResearchIndex and those in SCI represent 

different stages of XML research �� more current on the Web than in journals. In the early phase 

of the research field (the starting phase of the �S� curve development of a field), e.g. before the 

pilot study was carried out, there were relatively a small number of issues that concerned the 

field and therefore studies on the Web and in journals, although representing different stages of 
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research, had more in common. As the field advances rapidly (the exponential phase of the �S� 

curve development of a field), e.g. since the pilot study was conducted, different stages of 

research may become focused on very different issues and as a result may show fewer 

commonalities. However, it remains a question whether one year, which is between the pilot 

study and the present study, can make such difference. 

Summary 

In summary, it seems that (1) research represented in ResearchIndex and that reported by 

SCI are concerned with very different issues in the XML research field �� The Semantic Web and 

Programming for XML data in ResearchIndex and Web standards, XML applications and 

Intelligent Web service management and integration in SCI; (2) the analysis of ResearchIndex 

data may produce a picture that better represents emerging research areas (e.g. The Semantic 

Web) than the picture produced from the analysis of SCI data, probably because the Web can 

afford higher speeds of communication; (3) the analysis of SCI data may produce a picture that 

better represents new trends in long existing research areas (e.g. Software agents) than the 

picture produced from the analysis of ResearchIndex data, probably because of the effect of the 

inertia of specialties on publishing behavior; (4) the �all author co-citation� analysis may reveal a 

clearer relationship between authors or author groups, probably due to complete citation and co-

citation counts that account for more links between related authors; (5) the analysis of the entire 

SCI database may capture more interdisciplinary aspects of XML research (e.g. XML and 

chemistry) than that of SCI computer science data, possibly because there may exist publications 

on XML in fields outside computer science; (6) authors highly cited in ResearchIndex are not 

found to be more closely knit than those mainly being cited in journals.  

Author visibility 

To compare author visibility between the Web and print journals in the XML research 

field, correlations between author rankings identified from the Web as represented by 

ResearchIndex and those identified from SCI were examined and possible contributing factors 

were analyzed. 

Author visibility indicated by number of publications 

Three author rankings by fractional counts of publications were produced based on three 

data sets respectively �� the data set from ResearchIndex (RI), that from the entire SCI database 

(SCI) and that from a subset of SCI addressing computer science research (SCIcomputer).  
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For convenience, only highly visible authors, that is authors whose fractional publication 

counts are higher than one, are presented in Table 10, and only the top ranked 100 or so authors 

in each ranking were examined and compared. Again, as discussed earlier in the section about 

author visibility on the Web, the goal was to select the top ranked 100 authors. However, the 

number �100� was not used as a strict cut-off but as a guideline so that authors with the same 

number of publications are treated the same. As a result, the number of publications used in 

selecting top ranked authors to be examined was different from one ranking to another. 

Specifically, the criterion of �fractional publication counts greater than 0.5� was used for the 

ranking from SCIcomputer, resulting in 101 authors, and �fractional publication counts greater 

than 0.8� and �0.9 or higher fractional publication counts� were used respectively for rankings 

from SCI and RI, resulting in 104 and 100 authors. These criteria were those that each resulted in 

a number of authors that was the closest to the goal: 100. 

Among the top authors, thirteen are common to all three lists, fifteen common to RI and 

SCI (thirteen plus Dongwon Lee and Angela Bonifati), fifteen common to RI and SCIcomputer 

(thirteen plus Philip Wadler and Daniela Florescu), and seventy-seven common to SCI and 

SCIcomputer. That means only about 17% of the authors who are actively publishing are highly 

visible both on the Web and in print journals. This confirms at a larger scale the observation in 

the pilot study that two very different groups of scholars are actively publishing on the Web and 

in journals.   

The seventeen authors who are highly visible both on the Web and in journals are listed in 

Table 11. Authors who are only highly visible in one of the two media are also presented in 

Table 11. However, to be clearer and focus on the most highly visible authors, only those whose 

fractional publication counts are greater than one are listed.  

The pilot study also observed that there are more authors in the Web group than in the 

journal group who have greater impact on XML research in terms of the frequency with which 

they have been cited in the literature. The current data, as discussed below, show that this is only 

true when very highly visible authors in terms of number of publications are considered. If 

however authors who are not so highly visible are included, more authors in the journal group 

would be among the highly cited authors.  
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Table 10: Authors ranked by number of publications 
(fractional counts greater than 1) 

ResearchIndex SCI SCIcomputer 

Name #p Name #p Name #p 

Wenfei Fan 4.07 H. S. Rzepa 4.07 A. Hunter 2 

D. Fensel 2.9 P. Murray-rust 3.57 M. Rezayat 2 

Dan Suciu 2.82 D. Suciu 3.2 P. T. Wood 2 

Serge Abiteboul 2.68 G. V. Gkoutos 2.15 S. J. Derose 2 

M. Murata 2.67 R. H. Dolin 2.05 W. Weitz 2 

J. Simeon 2.45 A. Hunter 2 J. Dudeck 1.95 

Angela Bonifati 2.33 A. Kristensen 2 H. S. Rzepa 1.92 

Harold Boley 2.33 J. Hunter 2 S. Paraboschi 1.62 

Dongwon Lee 2.25 M. Rezayat 2 P. Murray-rust 1.58 

Mark Huckvale 2 P. T. Wood 2 M. Fernandez 1.53 

S. Ceri 1.9 S. J. Derose 2 H. Kim 1.5 

Amarnath Gupta 1.75 W. Weitz 2 K. Canfield 1.5 

Victor Vianu 1.73 J. Dudeck 1.95 N. Sundaresan 1.5 

Daniela Florescu 1.7 M. F. Fernandez 1.87 E. Bertino 1.33 

M. F. Fernandez 1.65 J. Simeon 1.75 F. A. Fontana 1.33 

Wolfgang Emmerich 1.58 S. Ceri 1.7 G. Weikum 1.33 

L. Libkin 1.5 E. Bertino 1.67 E. Damiani 1.28 

Leonidas Fegaras 1.5 S. Paraboschi 1.62 L. Kerschberg 1.25 

Torsten Schlieder 1.5 M. Wright 1.57 L. Rutledge 1.25 

W. van der Aalst 1.5 A. Sahuguet 1.5 S. Ceri 1.2 

Elena Ferrari 1.45 H. Kim 1.5 J. Simeon 1.17 

John Miller 1.33 J. R. Smith 1.5 M. Shields 1.15 

A. Finkelstein 1.25 K. Canfield 1.5 R. H. Dolin 1.05 

B. Ludascher 1.25 N. Sundaresan 1.5  

F. Tian 1.25 C. M. Chiu 1.33  

I. Schena 1.25 F. A. Fontana 1.33  

M. Mani 1.25 G. Weikum 1.33  

Letizia Tanca 1.2 E. Damiani 1.28  

Marin Dimitrov 1.2 A. Zisman 1.25  

S. Saeyor 1.2 L. Kerschberg 1.25  

D. Kossmann 1.17 L. Rutledge 1.25  

E. Damiani 1.15 A. Y. Halevy 1.25  

S. Paraboschi 1.12 M. Shields 1.15  

Piero Fraternali 1.07   

Philip Wadler 1.03   
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Table 11: Three groups of highly visible citing authors (fractional counts)

Highly visible both in RI and in SCI Highly visible in SCI Highly visible in RI 

Number of publications
Name 

RI SCI SCIcomputer

Name #p Name #p 

Dan Suciu 2.82 3.2 0.87 H. S. Rzepa 4.07 Wenfei Fan 4.07

J. Simeon 2.45 1.75 1.17 P. Murray-rust 3.57 D. Fensel 2.9

Angela Bonifati 2.33 0.83  G. V. Gkoutos 2.15 Serge Abiteboul 2.68

Dongwon Lee 2.25 1  R. H. Dolin 2.05 M. Murata 2.67

Stefano Ceri 1.9 1.7 1.20 A. Hunter 2 Harold Boley 2.33

Daniela Florescu 1.7  0.53 M. Rezayat 2 Mark Huckvale 2

Mary F. Fernandez 1.65 1.87 1.53 P. T. Wood 2 Amarnath Gupta 1.75

Elena Ferrari 1.45 0.83 0.83 S. J. Derose 2 Victor Vianu 1.73

Letizia Tanca 1.2 0.83 0.83 W. Weitz 2 Wolfgang Emmerich 1.58

Ernesto Damiani 1.15 1.28 1.28 A. Kristensen 2 L. Libkin 1.5

Stefano Paraboschi 1.12 1.62 1.62 J. Hunter 2 Leonidas Fegaras 1.5

Piero Fraternali 1.07 0.87 0.87 J. Dudeck 1.95 Torsten Schlieder 1.5

Philip Wadler 1.03  0.67 E. Bertino 1.67 W. van der Aalst 1.5

Atsushi Ohori 1 1 1.00 M. Wright 1.57 John Miller 1.33

Hans Weigand 1 1 1.00 H. Kim 1.5 Anthony Finkelstein 1.25

R. Gilmour 1 1 1.00 K. Canfield 1.5 Bertram Ludascher 1.25

Yasusi Kanada 1 1 1.00 N. Sundaresan 1.5 F. Tian 1.25

   A. Sahuguet 1.5 I. Schena 1.25

   J. R. Smith 1.5 M. Mani 1.25

   F. A. Fontana 1.33 Marin Dimitrov 1.2

   G. Weikum 1.33 S. Saeyor 1.2

   C. M. Chiu 1.33 Donald Kossmann 1.17

   L. Kerschberg 1.25  

   L. Rutledge 1.25

   A. Y. Halevy 1.25

   A. Zisman 1.25

   M. Shields 1.15

 

 

 

A list of highly cited authors was obtained by taking authors whose number of citations 

(averaged by the total number of citing papers in the corresponding dataset) is greater than 0.018 

in RI or in SCI. This list contains 42% of the authors in RI and 36% of those in SCI whose 

fractional publication counts are greater than one. However, when more authors than those 

whose publication counts are greater than one are concerned (for example, the top 100 or so 
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authors in each list), the same list of highly cited authors contains fewer authors in RI (19%) than 

in SCI (22%).  

This indicates that among those scholars who publish on the Web, only very highly visible 

ones are likely to be recognized by the community, and for regular scholars, works in print 

journals tend to be more acceptable. It appears that it is still of some concern among XML 

scholars whether works published in venues other than print journals will be recognized by the 

community.  

If the highly visible authors from the two databases in terms of number of publications are 

grouped into three categories: (1) authors who actively publish both on the Web and in journals 

as indexed by ResearchIndex and SCI respectively, (2) authors who actively publish in journals 

but not on the Web, and (3) authors who actively publish on the Web but not in journals, the 

same list of highly cited authors contains 47% of the authors in group 1, 19% of those in group 2, 

and 13% of those in group 3. Clearly, there are many more influential authors in the group who 

publish actively in both media than in groups who only publish in one of the media. This 

indicates that the public availability of scholars� work on the Web can well contribute to 

scholars� becoming more influential, although it may not be a decisive factor.  

Now it becomes interesting to examine what has contributed to this publishing pattern.  

In order to do so, data about authors� characteristics, such as age, research topic, publishing 

history, affiliation and collaboration orientation, were collected and examined (Appendix VII). 

Again, in order to focus on the most highly visible authors, only the top ranked authors in the 

three groups mentioned above are listed in Appendix VII, namely authors whose fractional 

publication counts are greater than one in the group who are highly visible in both media and 

those of the same number in the other two groups.  

One would expect to see more scholars on the Web than in journals who are younger and 

have shorter publishing histories as it is easier for young scholars to adapt to new technologies 

and scholars who have long publishing histories may not be so attracted to publishing on the 

Web. One would also expect to find more scholars on the Web than in journals who have been 

involved in large group collaboration as large group collaboration requires open and effective 

communication and the Web is a perfect medium for this. It might also be expected that more 

scholars from countries other than North America be seen on the Web as there is a well-known 

bias in SCI toward North American journals.  
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As seen from Appendix VII, however, these patterns simply do not emerge in the XML 

research field. Actually there is no clear pattern one can see from Appendix VII about how 

authors� age, publishing history, nationality, affiliation and collaboration orientation have 

contributed to their publishing behavior in terms of their medium preference. For example, it 

seems to be true with both the Web group and the journal group that there are almost as many 

experienced prolific scholars as young scholars with short publishing histories, and that most of 

the highly visible scholars were professors or students when they published the articles included 

in this study.  

The only thing that is quite clear is that authors� topics are closely related to their 

publishing behavior. Scholars who study the applications of computer science in general and of 

XML in particular in different fields tend to publish mainly in journals. For example, P. Murray-

Rust is a scientist in Computational Biology (Bioinformatics, Molecular informatics) and H. S. 

Rzepa one in Computational Chemistry. These two top ranked scholars in SCI co-edited the 

Chemical Markup Language (CML) �� a formal XML language in Chemistry. Gkoutos was 

Rzepa�s student and was also involved in CML related research. Similarly, Dolin, who is ranked 

right after Gkoutos in SCI, is a researcher in the area of medical informatics. He has done 

research on XML for medical information exchange and was involved in the development of 

related standards. These top ranked scholars in SCI in terms of number of publications do not 

appear at all in ResearchIndex.  

This is not difficult to understand. Scholars in an application area of a technology (e.g. 

computational chemistry) may have adapted to the publishing tradition within that field (e.g. 

chemistry) which may be different from that in the field of the technology (e.g. computer 

science). Although XML researchers in the computer science field are heavily publishing on the 

Web, scholars in the application areas of XML may not because they act more like, say, 

biologists than like computer scientists in terms of their publishing behavior.  

There was a concern in the pilot study that some of the differences between the patterns 

revealed from SCI data on the one hand and from ResearchIndex data on the other, such as the 

more complex specialty structure derived from SCI, may have been due to the multidisciplinary 

nature of the SCI database. Data from the present study suggest that this should not be a big 

concern.  
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The Pearson�s r for the 13 authors shared by the three lists of top authors is 0.849 between 

RI and SCI, -0.007 between RI and SCIcomputer, and 0.249 between SCI and SCIcomputer. The 

Pearson�s r for the 113 authors shared by all three full datasets is 0.478 between RI and SCI, 

0.258 between RI and SCIcomputer, and 0.824 between SCI and SCIcomputer.  In both cases, 

the ResearchIndex data are more like the data from the entire SCI database than that from the 

portion of SCI indexing computer science journals. We can take that as an indication that 

ResearchIndex is really a database for computer science literature in a very broadly defined 

sense, and that the differences observed in the pilot study between results from ResearchIndex 

and those from SCI cannot be explained by the multidisciplinary nature of the SCI entire 

database.  

Author visibility indicated by number of citations 

Three author rankings by straight citation counts were produced based on three data sets 

respectively �� the data set from ResearchIndex (RI), that from the entire SCI database (SCI) and 

that from a subset of SCI addressing computer science research (SCIcomputer).  

For convenience, only highly visible authors, that is authors whose citation counts divided 

by number of citing papers in corresponding datasets are 0.035 or higher, are presented in Table 

12, and only top ranked 100 or so authors in each ranking were examined and compared. Again, 

as discussed earlier in the section about author visibility indicated by number of publications, the 

goal was to select the top ranked 100 authors. However, the number �100� was not used as a 

strict cut-off but as a guideline so that authors with the same number of citations are treated the 

same. As a result, the number of citations used in selecting top ranked authors to be examined 

was different from one ranking to another. Specifically, the criterion of �6 or more citations� was 

used for the rankings from SCIcomputer and RI, resulting in 100 and 90 authors respectively, 

and �7 or more citations� was used for the ranking from SCI resulting in 103 authors. These 

criteria were those that resulted in a number of authors that is the closest to the goal: 100. 

Among the top 100 or so authors from each of the three rankings, there are 49 authors who 

are common to all three lists, 55 common to RI and SCI, 49 common to RI and SCIcomputer, 

and 84 common to SCI and SCIcomputer. Through visual inspection of a small set of highly 

cited authors, the pilot study observed a high correlation for the top 10 authors between SCI and 

ResearchIndex. The present study examined the correlation statistically in a much larger scale: 

Pearson�s r�s were calculated both for common authors between the three lists of top ranked  
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Table 12: Authors ranked by number of citations 
(straight counts / total # citing papers 0.035 or greater) 

ResearchIndex SCI SCIcomputer 

Name #c Name #c Name #c 

S. Abiteboul 0.351 S. Abiteboul 0.222 S. Abiteboul 0.25

P. Buneman 0.242 T. Bray 0.206 T. Bray 0.209

A. Deutsch 0.208 A. Deutsch 0.152 P. Buneman 0.179

T. Bray 0.199 P. Buneman 0.152 A. Deutsch 0.164

J. Clark 0.186 P. Murrayrust 0.131 J. Clark 0.127

R. Goldman 0.143 J. Clark 0.123 M. Fernandez 0.119

M. F. Fernandez 0.134 M. Fernandez 0.12 J. Robie 0.097

D. Florescu 0.115 J. Robie 0.088 Y. Papakonstantinou 0.097

Stefano Ceri 0.106 H. S. Rzepa 0.086 P. Murrayrust 0.093

J.Shanmugasundaram 0.093 Y. Papakonstantinou 0.08 R. Goldman 0.086

J. Robie 0.09 R. Goldman 0.08 S. Ceri 0.082

J. McHugh 0.087 D. Florescu 0.067 S. Cluet 0.075

Y. Papakonstantinou 0.081 R. H. Dolin 0.064 S. J. Derose 0.075

H. Thompson 0.078 S. Cluet 0.064 J. Bosak 0.071

Sophie Cluet 0.078 T. J. Berners-Lee 0.064 R. H. Dolin 0.071

S. S. Chawathe 0.071 J. Bosak 0.061 C. Goldfarb 0.067

Makoto Murata 0.068 S. Ceri 0.061 T. J. Bernerslee 0.063

D. D. Chamberlin 0.065 C. Goldfarb 0.059 G. Wiederhold 0.06

Wenfei Fan 0.065 S. J. Derose 0.059 H. S. Rzepa 0.06

R. G. G. Cattell 0.053 D. D. Chamberlin 0.053 D. Florescu 0.056

S. DeRose 0.053 C. Friedman 0.051 P. Wadler 0.056

C. Beeri 0.05 J. Shanmugasundara 0.051 T. Milo 0.056

Tova Milo 0.05 G. V. Gkoutos 0.045 E. Maler 0.052

W. van der Aalst 0.05 T. Milo 0.045 H. Hosoya 0.052

C. Brew 0.047 A. Y. Levy 0.043 A. Bruggemannklein 0.049

H. Hosoya 0.047 G. Wiederhold 0.043 A. Hunter 0.049

O. Lassila 0.047 H. Hosoya 0.043 S. S. Chawathe 0.045

P. Wadler 0.047 J. Mchugh 0.04 C. Friedman 0.041

V. Christophides 0.047 L. Liu 0.04 D. Calvanese 0.041

E. Maler 0.043 P. Wadler 0.04 F. Neven 0.041

Angela Bonifati 0.04 S. S. Chawathe 0.04 G. Hripcsak 0.041

Jennifer Widom 0.04 D. Gardner 0.037 P. Atzeni 0.041

T. Berners-Lee 0.04 E. Maler 0.037 V. Christophides 0.037

D. Brickley 0.037 A. Bruggemannklein 0.035  

Michael Hanus 0.037 A. Hunter 0.035  

 R. GG. Cattell 0.035  

 V. Christophides 0.035  

 

 



109  

authors and for all authors common to all three full datasets. The Pearson�s r for the 49 top 

ranked common authors is 0.92 between RI and SCI, 0.91 between RI and SCIcomputer and 0.98 

between SCI and SCIcomputer. The Pearson�s r�s for all the 576 authors common to the three 

full datasets turned out to be very similar to those for the 49 top ranked authors: 0.92 between RI 

and SCI, 0.91 between RI and SCIcomputer and 0.99 between SCI and SCIcomputer.  

As seen here, the Pearson�s r between author ranking from the entire SCI database and that 

from the portion of SCI indexing computer science journals is very high. The number of top 

ranked authors shared by the two rankings is pretty high as well. This indicates that current XML 

research is still limited to computer science or that studies on the application of XML technology 

in different fields have been publishing in journals that are considered by SCI as belonging to 

computer science research.  

The Pearson�s r between author ranking resulting from ResearchIndex and that from the 

portion of SCI indexing computer science journals is unexpectedly lower than that between 

ResearchIndex and the SCI entire database although both are significant and the difference is 

very small. This suggests that publishing medium plays a more important role than discipline in 

shaping citing authors� perceptions of cited authors� visibility.  

Since results from SCI and SCIcomputer are highly correlated and the ResearchIndex 

database is more like the entire SCI database, which was also shown in the comparison between 

author rankings by number of publications as discussed earlier, the following discussion will 

focus on the relationship between ResearchIndex and the full SCI database, and will omit further 

reference to SCIcomputer.  

The high correlations between the author rankings indicate that when the same citation 

counting methods are used, a group of authors will be ranked very similarly no matter which of 

the two data sources is used, ResearchIndex or SCI. This confirms the preliminary results from 

the pilot study that citation analysis using ResearchIndex as a data source is just as valid an 

approach to the evaluation of scholars as citation analysis based on SCI data that has been widely 

used in the literature so far and accepted as valid in the evaluation of scholars and scholarly 

contributions. This also suggests that publications on the Web should not be ignored any more 

either as part of the literature for research or as a data source for the evaluation of scholars 

because they are similar to those in print journals in terms of the way they refer to previous 

works. If this can be confirmed, it is good news for bibliometric scholars who do not have access 
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to the SCI databases, especially those in developing countries, or who investigate research areas 

or researcher populations under-represented in the ISI databases. Now they should be able to 

conduct citation analysis studies using data and tools freely available on the Web and still get 

valid results.  

However, although the correlations between author rankings are high for the common 

authors, common authors only account for about half of the highly cited authors (top 100 or so) 

in each dataset as seen from the numbers above. This indicates that the best way to evaluate 

scholars using citation analysis is to combine multiple data sources, such as the ISI databases and 

ResearchIndex, so that the data sources can compliment each other and the evaluation results 

become less biased.  

Clearly, there exist three groups of authors: (1) authors who are highly cited by both 

documents in SCI and RI, (2) authors who are highly cited by documents in SCI but not by those 

in RI, and (3) authors who are highly cited by documents in RI but not by those in SCI. The three 

groups of authors from the top ranked 100 or so authors from each of the three datasets are 

presented in Table 13.  

 

 

Table 13: Three groups of highly cited authors (straight counts) 

Highly cited both in RI and in SCI Highly cited in RI Highly cited in SCI 

# c Name 
 RI SCI

Name 
 

# c 
 

Name 
 

# c 
 

S. Abiteboul 113 83 Wenfei Fan 21 P. Murrayrust 49

Peter Buneman 78 57 W. van der Aalst 16 H. S. Rzepa 32

A. Deutsch 67 57 C. Brew 15 R. H. Dolin 24

T. Bray 64 77 Michael Hanus 12 C. Friedman 19

J. Clark 60 46 D. Megginson 11 G. V. Gkoutos 17

R. Goldman 46 30 D. Model 11 G. Wiederhold 16

Mary F. Fernandez 43 45 N. Klarlund 10 D. Gardner 14

Daniela Florescu 37 25 S. Nestorov 10 A. Bruggemannklein 13

Stefano Ceri 34 23 E. Baralis 9 A. Hunter 13

J. Shanmugasundaram 30 19 John E. Hopcroft 9 G. Hripcsak 12

J. Robie 29 33 N. Walsh 9 D. Raggett 12

J. McHugh 28 15 Giorgio Ghelli 8 D. Suciu 11

Y. Papakonstantinou 26 30 P. Biron 8 R. Khare 10

H. Thompson 25 24 W. Coalition 8 C. Sperbergmcqueen 10

Sophie Cluet 25 9 A. Schmidt 7 D. W. Connolly 10
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Table 13  continued 

Highly cited both in RI and in SCI Highly cited in RI Highly cited in SCI 

# c 
Name 

RI SCI
Name # c Name # c 

S. S. Chawathe 23 15 Alfred V. Aho 7 G. Eysenbach 9

Makoto Murata 22 10 Carl-Christian Kanne 7 L. Alschuler 9

D. D. Chamberlin 21 20 Elisa Bertino 7 R. N. Shiffman 9

S. DeRose 17 22 Harold Boley 7 L. Wood 9

R. G. G. Cattell 17 13 Ian R. Horrocks 7 H. Garciamolina 9

Tova Milo 16 17 Jianjun Chen 7 J. J. Cimino 9

C. Beeri 16 12 L. Fegaras 7 M. Bieber 9

H. Hosoya 15 16 R. Bourret 7 A. Ohori 8

P. Wadler 15 15 R. Ramakrishnan 7 B. N. Grosof 8

V. Christophides 15 13 Sergey Brin 7 L. Ohnomachado 8

O. Lassila 15 10 Stefano A. Cerri 7 M. Rezayat 8

E. Maler 14 14 A. Davidson 6 W. Frakes 8

T. Berners-Lee 13 24 C. Grover 6 A. O. Mendelzon 8

Jennifer Widom 13 8 D. Deveaux 6 B. Bos 8

Angela Bonifati 13 7 D. McKelvie 6 G. O. Arocena 8

D. Brickley 12 7 P. Fankhauser 6 P. Bernstein 8

Michael J. Carey 11 10 Peter McBrien 6 N. Kushmerick 8

Bertram Ludascher 11 9 Philippe Martin 6 C. E. Kahn 8

D. Fensel 11 8 R. Baeza-Yates 6 H. Liefke 8

D. Lee 11 8 Shu-Yao Chien 6 H. W. Lie 8

V. Apparao 11 8 S. S. Cosmadakis 6 K. Ebcioglu 8

D. Maier 10 8  F. Halasz 7

J. Bosak 9 23  K. Gronbaek 7

Diego Calvanese 9 12  M. Wooldridge 7

Frank Neven 9 11  D. Knuth 7

P. Atzeni 8 12  M. Jarke 7

S. Decker 8 9  P. PS. Chen 7

C. Goldfarb 7 22  A. Layman 7

Alon Y. Levy 7 16  C. Knoblock 7

Michael Kifer 7 10  J. Hunter 7

C. Baru 7 8  K. Takanashi 7

J. Ullman 7 8  O. Casher 7

D. Beech 7 7  S. Weibel 7

Ling Liu 6 15   

Arnaud Sahuguet 6 12   

F. Bancilhon 6 10   

H. V. Jagadish 6 8   

L. Cardelli 6 8   

E. Harold 6 7   

S. Adler 6 7  
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The pilot study pointed out the importance of examining the characteristics of author 

groups with different citation patterns. In the present study, some characteristics of the three 

groups of authors were examined in an attempt to identify the contributing factors to the 

differences in authors� visibility between the Web and print journals. For convenience, only the 

highly visible authors in the three groups (that is authors whose citation counts are 10 or higher) 

are presented in Appendix VIII, along with some of their characteristics such as age, publishing 

history, research topic, affiliation and collaboration orientation. 

An examination of authors� characteristics as shown in Appendix VIII suggests some 

interesting aspects of scholarly communication in the XML research field. 

• The majority of the authors who are highly cited in both of the data sources either 

belong to one or more of the several interrelated research groups or have been involved in World 

Wide Web Consortium (W3C) working groups for XML related standards and specifications.  

As also seen from Appendix V, T. Bray, J. Clark, M. F. Fernandez, J. Robie, H. Thompson, 

D. D. Chamberlin, M. Murata, S. DeRose, O. Lassila, E. Maler, P. Wadler, D. Brickley, V. 

Apparao, T. Berners-Lee, J. Bosak, S. Decker are all members of W3C working groups for XML 

related standards and specifications. S. Abiteboul, D. Florescu, S. Cluet, T. Milo, and V. 

Christophides belong to the French Project Verso group; P. Buneman, A. Deutsch, H. Hosoya, 

and A. Sahuguet belong to the Pennsylvania database group; R. Goldman, J. McHugh, Y. 

Papakonstantinou, S. S. Chawathe, J. Widom, and J. Ullman belong to the Stanford database 

group (mostly Lore project); and S. Ceri and A. Bonifati belong to a group of Italian researchers. 

As discussed earlier, these groups are interrelated not only intellectually as indicated by co-

citation but also socially as indicated by co-authorship. And they all fall into the two largest 

specialties identified from the factor analysis of the XML research field as discussed earlier.  

• Industry and engineering oriented works and general opinion papers are highly cited in 

journals but not on the Web.  

This can be seen quite clearly from Bosak, Goldfarb and Berners-Lee being highly cited in 

SCI but not in ResearchIndex.  

Charles F. Goldfarb is the father of �markup languages� and the main author of the 

Standard Generalized Markup Language (SGML), on which the Web's HTML and XML are 
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based. Although XML as a subset of SGML is much simpler and was designed specifically for 

the Web and as a result has obtained wide recognition and application in the Web context, 

SGML is still heavily being used in the publishing industry. Goldfarb's two handbooks about 

SGML and XML respectively are highly cited in SCI but not in ResearchIndex. Handbooks 

represent more mature and secondary materials and therefore are very useful in the industry. 

Scholars at the research front however may only refer to them as historical background as these 

scholars may have found the original material such as the ISO standard on SGML more 

convenient to use.  

Tim Berners-Lee is well-known as the father of the World Wide Web, and retains today an 

influential position as the director of the World Wide Web Consortium. Bosak organized and led 

the XML working group in the development of the seminal XML specification. Both Berners-

Lee and Bosak have thus laid the foundation of XML and other Web related technologies and 

have written influential opinion papers, such as XML, Java, and the Future of the Web (Bosak, 

1997), XML and the second-generation web (Bosak & Bray, 1999), Weaving the Web (Berners-

Lee, et al., 1999) and The Semantic Web (Berners-Lee, et al., 2001).  

These authors being highly cited in SCI but not so much in ResearchIndex suggests that 

papers in ResearchIndex are perhaps more at the research front than those in SCI which still refer 

frequently to foundational and historical materials and to opinion papers and may therefore 

contain more reviews and research at earlier stages.  

• Authors in application areas of XML, such as CML and XML for medical informatics, 

are not as well represented in ResearchIndex as in SCI.  

As seen in the earlier discussion about authors� visibility as indicated by number of 

publications, scholars in application areas of XML have not published often on the Web but have 

in journals. Examples include Murray-Rust and Rzepa who invented CML and Friedman and 

Dolin who have been involved in XML for medical informatics research. The citation patterns of 

scholars in these areas are shown to be very similar to the publication patterns: highly cited in 

SCI but not in ResearchIndex. This reveals two things clearly.  

First, scholars in these areas have primarily only been cited by themselves, suggesting that 

these areas are relatively independent of the rest of XML research and may be quite narrow.  

Second, application areas of XML are obviously not well represented on the Web. That 

means that citation analysis using data and tools on the Web as a data source is currently limited 
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to certain research fields where Web publishing is well accepted by the communities, and may be 

biased by leaving out partly or completely specialties in which scholars have different publishing 

behaviors. This limitation would exist until scholarly publishing on the Web is as widely 

accepted and practiced as the journal.  

• Authors in the semantic Web specialty and in the Programming for XML data specialty 

are not as well represented in SCI as in ResearchIndex. 

Many of the authors in the semantic Web specialty were ranked by number of citations 

much higher in ResearchIndex than in SCI. Examples include O. Lassila (24.5 in RI vs. 35.5 in 

SCI), D. Brickley (31 vs. 53), and D. Fensel (34 vs. 46). Some of them were highly cited in 

ResearchIndex but rarely or not at all in SCI.  For example, Hanus and Horrocks received 12 and 

7 citations in ResearchIndex but only 0 and 2 in SCI respectively. This suggests that research on 

the Semantic Web is better represented on the Web. Since this area of research is emerging and 

indicates the next generation of the Web, this seems to provide further evidence that research 

reported on the Web is perhaps more cutting-edge. 

Among the authors who were categorized into the same factor representing the specialty 

Programming for XML data (Table 6), most, including D. Megginson, N. Klarlund, R. Bourret, 

A. Aho, A. Schmidt, and Carl-Christian Kanne, were cited highly only on the Web. Those who 

were highly cited both in ResearchIndex and in SCI have been ranked much higher in 

ResearchIndex than in SCI. Examples include M. Murata (17 in RI vs. 35.5 in SCI) and D. Lee 

(34 vs. 46). This indicates that research in this area is also better represented on the Web than in 

journals. 

Clearly, the discussion above about the possible bias caused by data and tools on the Web 

applies to SCI data as well. In other words, citation analysis using SCI data as the only data 

source may also be biased by leaving out in part or even completely specialties in which scholars 

publish heavily in venues other than journals. 

• Research topics are the major contributing factor to authors� different visibilities. Age, 

nationality, collaboration orientation did not seem to have made much difference. 

As discussed above, research on XML or semi-structured databases is well represented in 

both media while research on XML applications is better represented in journals and studies of 

the Semantic Web and Programming for XML data are more visible on the Web.  
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It seems to be true with both media that highly cited authors are mostly from North 

America and Europe (especially France, Italy and United Kingdom). French and Italian 

researchers have been very active in research on XML or semi-structured databases while 

scholars from UK and Scotland, such as J. Clark, H. Thompson, D. Brickley, P. Murray-Rust and 

H. S. Rzepa, have been actively involved in the development of many of the XML related 

standards and specifications.  

Although there appear to be more authors among the �print only� scholars than among the 

�Web only� scholars who are relatively older and more experienced or less active in large group 

collaboration, the difference does not seem to be significant. For example, as seen from earlier 

discussion, both D. Suciu and W. Fan have been involved in large group collaborations but one  

(Fan) was only highly cited on the Web and the other (Suciu) only in journals. Another example 

is that young scholars can be highly cited both on the Web (e.g. Fan and Nestorov) and in 

journals (e.g. Gkoutos) depending probably on the topics of their research. 

In summary, research topics are identified to be the major contributing factor to authors� 

different visibilities in the two media. Age, nationality, and collaboration orientation did not 

seem to have contributed much. XML related standards and specifications and research on XML 

or semi-structured data management and processing are the research foci both on the Web and in 

journals. Research on The semantic Web is better represented on the Web than in journals.  

Applications of XML are well represented in SCI but not in ResearchIndex, and Programming 

for and processing of XML data appears to be one of the research foci on the Web but not in 

journals. Papers on the Web seem to be more at the research front than papers in journals.   
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TOWARD A PROBLEM SOLVING ENVIRONMENT FOR 

SCHOLARLY COMMUNICATION RESEARCH 
 

 

Information technology is revolutionizing the way that information is produced and 

exchanged and thus is changing scholarly communication systems to a new model which 

emphasizes preprints, conference papers and the online availability of research papers (Goodrum 

et al., 2001). As a result, it becomes increasingly important to study scholarly communication 

patterns demonstrated in this part of the literature which is now largely published on the Web. As 

demonstrated in the previous chapter, when compared with citation analysis of SCI data, citation 

analysis of ResearchIndex data reveals different intellectual aspects of XML research and 

provides additional insight into the evaluation of scholars and scholarly contributions in that 

field. It is therefore important to use more than just the ISI databases in citation analysis studies 

of scholarly communication in order to gain a more complete picture. In addition, citation 

analysis has valuable utilization in other Web services such as Internet search engines, as 

discussed in earlier chapters.  

How to make the use of data sources on the Web more convenient and how to integrate 

citation analysis tools with other Web services, are questions that come naturally, and will be 

addressed in the current chapter. It starts with a discussion of the ways that existing citation 

indexing tools on the Web may be improved to better support citation analysis, and continues 

with an analysis of the requirements for a Problem Solving Environment (PSE) for scholarly 

communication research �� a computer system that provides �transparent access to 

heterogeneous distributed resources� necessary for scholarly communication research and 

supports easy integration with other, including new, resources and services (Walker & Rana, 

2003, p. 6). 
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Improving existing citation indexing tools on the Web 

Compared to the ISI databases, data sources and tools on the Web cover a wider variety of 

document types such as conference papers, technical reports, degree theses, and preprints in 

addition to journal articles, and provide more complete information about cited papers such as 

titles, all authors, full source names, and citation context. These may facilitate a larger variety of 

inquiries and more sophisticated methods that may be very difficult, if not impossible, with the 

ISI databases, such as comparative analysis between document types, citation context analysis 

and weighted citation counting (Clever, 1999; Narin, 1976; Small, 1982).  

However, there are also some disadvantages with current data sources and tools on the 

Web. In the course of the present study and the pilot study, a number of problems were 

experienced with citation analysis based on ResearchIndex data. An analysis of these problems 

can shed light on the issue of how to improve existing citation indexing tools on the Web. This 

section discusses how to improve ResearchIndex to match and go beyond the ISI databases based 

on an analysis of these problems. 

Problems encountered during the present study and the pilot study 

Just like the ISI databases, ResearchIndex was originally developed as an information 

searching tool rather than a tool for citation analysis. It facilitates keyword (subject words, author 

names, numbers, etc.) searching in both citing papers and cited papers. Papers are interlinked in 

the ResearchIndex database by actionable citation links. Once a paper has been located, 

ResearchIndex provides virtually all information that is related to this paper: it provides links to 

the full text content in various formats and links to the authors� homepages; it provides 

information that helps to evaluate the paper�s quality such as the number of citations it has 

received and its citation history; it provides the option of getting related papers by various 

criteria such as papers that the located paper cites or that have cited it or that have been co-cited 

with it; it also provides the context in which the located paper is cited in each paper that cites it 

in order to help the user evaluate the relevance of the papers that cited the located paper.  

This is already quite amazing as an information searching tool when compared with 

traditional information retrieval systems. However, when used as a tool for citation analysis, it 

sometimes causes frustration. 

Lack of accurate information about date of publishing. A large percentage of papers 

published on the Web do not have explicit information about the publication date. Papers that do 
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have this information may place it anywhere in the document (in a header or footer, or in a 

footnote, to mention a few), which makes it very difficult for a fully automatic citation indexing 

tool like ResearchIndex to capture this information correctly. As a result, as pointed out in the 

pilot study, while citation data and tools on the Web may well facilitate studies of scholarly 

communication in a general sense and in the sense of overall structures of disciplines, it is 

difficult to carry out time-related studies, such as the evolution of scholarly communities or 

diffusion of ideas over time, based on these data and tools. The present study was not able to 

specify a citation window, which worked fine for its research objectives and for a young field 

like XML research, but would not have worked well if it aimed to study, say, the recent 

development of the past three years.  

Errors in parsing various referencing formats and author names. The Web is an 

extremely divergent environment where papers can be in all kinds of formats and use various 

referencing conventions. It may be easy for human beings to recognize these different formats 

but it is not an easy task for a fully automatic citation indexing tool like ResearchIndex to make 

these distinctions. As a result, fully automatic tools tend to produce errors by mixing up 

information about authors, titles, sources, etc. when uncommon or non-standard writing and 

referencing formats are encountered. For example, it is found that ResearchIndex is more likely 

to produce errors when indexing papers formatted in two columns than those in single column. 

Regular individual words are frequently found in an automatically generated �author name� data 

field, which happens when, for example, a reference starts with title rather than author names. 

This type of error is largely if not completely avoided in citation indexes constructed manually, 

such as the ISI databases. 

Not all references are given. As discussed in the Methodology chapter, ResearchIndex 

does not always provide all references a paper has in its reference list. This may not be important 

for an information searching tool since no IR systems can exhaust all relevant papers, but may 

cause validity problems when used as a tool for citation analysis just as the incompleteness and 

bias of the ISI databases has been discussed in the literature as a potential validity problem.  

Not all papers that meet search criteria are provided. Scholars who are looking for 

references for their research are only interested in highly relevant documents. Citation analysts 

on the other hand prefer a complete set of papers that meet a certain search criterion. 

ResearchIndex indicates the total number of documents that meet the criteria but only provides 
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the first 500 or so documents to the user, ranked by citations or other means. This may be quite 

sufficient for an information searching tool but tends to result in incomplete data for citation 

analysis. When a Java program was developed in the present study to search ResearchIndex 

directly rather than using the interface provided, still only 1,000 of the documents that met the 

search criteria could be retrieved even though there were more in the database. This was 

discovered when the author tried to use the �no restriction� option to search for citing papers on 

XML so that it would be possible to compare citation analysis results from citing papers 

retrieved this way and those from citing papers retrieved from a search that is restricted to 

�header� fields. This limit placed on the number of retrieved papers certainly has limited the 

scale of citation analysis studies based ResearchIndex data, and therefore the usefulness of 

ResearchIndex for citation analysis studies. 

Constantly changing data formats for presentation. Each paper in the ResearchIndex 

database is presented as an HTML page where one can find the title, authors, abstract, BibTeX 

data for this paper, a list of cited papers and related papers, and links to the full text in various 

formats, to authors� homepages and to its citation context page. This basic format did not change 

much over the course of the present study. However, the way cited papers are presented has gone 

through several changes since the author started to work with it. When the pilot study was 

conducted (November 2000), cited papers were presented in a way that was very similar to 

reference lists in print papers. The only difference was that if a cited paper was covered in the 

ResearchIndex database as a source item, there would be a link in front of its entry in the 

reference list leading to its page within the database. One year later (December 2001), when data 

for the present study were collected, only the titles, the first one or two authors and the 

publication year, if available, were presented for each cited paper on a citing paper�s page. For 

more information, one needed to click on a title which was linked to either its page if it was in 

the database or a page that told one that it was not in the database and provided a link to a page 

where its BibTeX data could be found. A few months later (April 2002) when the author was 

trying to retrieve all related papers of the citing papers in the present study in case they would be 

useful during the study, the link to a paper�s BibTeX data was no longer available if the paper 

was not in the database. Instead, information about this cited paper was presented in an HTML 

format on the page that told one that it was not in the database. 
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The constant change of data format has made data collection from this database very 

difficult. It is like a �moving target.� The Java programs that had been developed for retrieving 

data and for parsing papers had to change accordingly each time.  

No option for downloading search results in a standardized format. There is nothing 

wrong with changing data presentation format as such. The problem is that there is no option for 

downloading the search results in a standardized format that is independent of the presentation, 

so that citation analysis researchers could rely on this unchanging format to get the data they 

need.  

Moreover, as pointed out in the pilot study, the accuracy of parsing data in HTML format 

depends heavily on features provided for distinguishing different data segments such as authors, 

title and source. In the case of ResearchIndex, the only such feature for cited papers is that titles 

are displayed in italics. This feature together with the fixed sequence of presenting data (i.e. 

authors first, then title, followed by source information), makes it possible to distinguish the 

basic data segments needed for citation analysis, that is authors, title and source, but it is very 

difficult to go any further. 

Limited coverage of disciplines and sources. As of the writing of this dissertation, to the 

knowledge of the author, there are only two citation indexes for publications on the Web. One is 

being developed by the Open Citation Project for the LANL E-print archive that is maintained at 

the Los Alamos National Laboratory as a digital library for physics, mathematics, computer 

science, and related disciplines. It automatically detects the occurrence of citations within texts 

and provides the user with the option of searching the archive and ranking search results by 

citations. Currently it is still in the demo stage and has not been fully implemented in the entire 

LANL archive, nor in other E-print archives such as CogPrints for the cognitive sciences and 

BioMed Central for the biomedical sciences, although the project aims to develop tools that will 

be easy to apply to such E-print archives. The other one is ResearchIndex which is currently 

limited to computer science research in a broad sense. Although its technology can in principle 

be adapted to other fields (Lawrence et al., 1999), databases of its like that cover other 

disciplines have not yet come to exist. This is probably not a problem of technology but simply 

because there are fewer research papers on the Web to index in many other disciplines in the first 

place. Scholars in other research fields may not have started to publish a lot on the Web yet 

because of publishing traditions, evaluation practice, or other reasons. For example, as shown in 
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the present study, unlike other scholars in the XML research field who publish heavily on the 

Web, scholars in the application areas of XML technology such as medical informatics largely 

publish in journals. 

How to improve ResearchIndex 

The problems that were thus encountered in the course of the present study and the pilot 

study can help us see directions in which ResearchIndex could be improved to better support 

citation analysis and scholarly communication. Basically, it can learn from traditional citation 

indexes such as the ISI databases, and go beyond by taking advantage of the Web infrastructure. 

• Matching the ISI databases 

The problems caused by the ISI databases in citation analysis studies have been widely 

acknowledged. Nevertheless, most citation analysis studies still use these databases as their 

primary data source, even when full text databases are increasingly available with which it is in 

principle possible to conduct citation analysis studies.  

This is largely because of the convenience provided by the ISI databases in data collection, 

especially for scholars who do not have the computational expertise required to collect citation 

data from full text papers. For example, automatic parsing of reference lists at the end of research 

papers is much more difficult than it sounds, especially when different referencing formats are 

involved. The technology developed by the Open Citation Project only succeeds in parsing about 

85% of all references correctly (Bergmark, 2000). 

In the course of the present study, the convenience of using SCI was quite obvious in many 

cases when compared with ResearchIndex. It does not have the �moving target� problem because 

it provides the option of saving search results as a text file with a stable data format as the one 

presented in Appendix II. Although the Web-based version of SCI has a limit on the number of 

papers retrieved, a complete set of data can always be obtained by using Dialog, for example. 

The noise in citing papers is quite low, probably as a result of manual indexing. Errors associated 

with manual indexing are decreasing with the increasingly available electronic data directly from 

journals.  

To improve ResearchIndex to better support citation analysis, the first thing to do is 

therefore to make it as convenient to use as the ISI databases. Providing a stable and 

standardized data format and a complete set of relevant documents, are two aspects of this that 

can be achieved with little or no extra work, while reducing the noise in citing and cited papers is 
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one of those aspects that will have to wait for Web-publishing to further evolve to a more 

standardized format. Through widespread adoption of a number of standard formats for Web-

publishing, automatic detection and parsing of citations would be made easier and more accurate. 

• Going beyond the ISI databases 

As discussed above, what one can do with ResearchIndex now is already quite amazing 

when compared with traditional IR systems. It facilitates keyword (subject words, author names, 

numbers, etc.) searching in both citing papers and cited papers. Papers are interconnected in the 

ResearchIndex database by actionable citation links. That means, once a paper is located, 

ResearchIndex provides virtually all information that is related to the paper: links to the full text 

content in various formats and links to the authors� homepages; information that helps to 

evaluate the paper�s quality such as the number of citation it has received and its citation history; 

the option of retrieving related papers by various criteria such as papers that the located paper 

cites, or that have cited it, or that have been co-cited with it; the context in which the located 

paper is cited each time to help the user evaluate the relevance of the papers that cited the located 

paper.  

This is already a big step beyond traditional IR systems including the ISI databases. 

However, there is still a lot to add by taking advantage of the Web infrastructure and making full 

use of citation analysis. 

A �web� is by definition interconnected. Data sources and tools on the World Wide Web 

should take advantage of the potential of being more easily interconnected with other data 

sources and tools and as a result become collectively more useful than traditional individual 

databases. Being open is the essence of the Web and of Web services. 

A look at two examples may help us see the point and the implications for data sources and 

tools for citation analysis. 

The Google Internet search engine is now providing the Google Web APIs service which 

gives applications query access to Google's Web search (http://www.google.com/apis/). With 

this service, applications can search for web documents through Google and receive results as 

structured data, which can be easily incorporated into the applications. This kind of service is 

precisely what is missing in ResearchIndex, and what could be of great value for citation analysis 

studies and for other Web services and applications. It would, for example, solve the �moving 



123  

target� problem and the incomplete data sets problem, and make ResearchIndex become open to 

interconnection with other Web services and applications. 

The Open Archives Initiative (OAI) aims to develop and promote interoperability standards 

to �facilitate the efficient dissemination of content� (http://www.openarchives.org). The Open 

Archives Initiative Protocol for Metadata Harvesting (OAI-PMH) specification has been 

developed which defines a �low-barrier and widely applicable� mechanism for harvesting XML-

formatted metadata from repositories as a way to achieve cross-repository interoperability 

(http://www.openarchives.org). A data provider such as ResearchIndex that maintains one or 

more repositories (Web servers) can choose to support the OAI-PMH as a means of exposing 

metadata so that OAI-PMH requests can be issued to the data provider and the metadata 

harvested can be used as a basis for building other value-added services. This can enhance access 

to these repositories. With OAI-PMH compliant repositories, services could be developed to 

make use of multiple data sources.  

Although the current version of OAI-PMH does not provide a means for harvesting full-

text content and references in research papers, the same concept applies and can be used to 

develop standards that do do so. 

Data sources and tools for citation analysis on the Web should aim at becoming OAI-PMH 

compliant and providing Web APIs for easy incorporation into other Web services (or compliant 

to some other standard for representing and exchanging citation data). This way, and with more 

and more data sources conforming to a relevant standard and more and more services providing 

APIs for access, citation analysis tools could be built on top of other services and multiple data 

sources that cover multiple research disciplines, and other data sources and services in turn could 

then benefit from citation analysis results in order to enhance their functionality and 

performance.  

For example, scholarly communication studies using citation analysis often need to 

interview domain experts in the interpretation of data and validation of results. A citation 

analysis service on the Web could plug into a Web service specializing in the design and 

administration of surveys and interviews on the Web rather than doing this from scratch by itself. 

Other examples include visualization tools, filters and parsers. 

As for benefits for other data sources and services, with a citation analysis tool 

incorporated, a repository could provide the functionality that ResearchIndex now provides, as 
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discussed earlier. In addition, a citation analysis tool may also provide a visualization of a 

citation network to help a user understand the structure of the literature of a field and retrieve 

papers (or papers by authors) in selected areas of a visual network. A citation analysis tool could 

also support retrieval of papers by core players (authors, institutes, countries, etc.) and 

documents related to these core papers such as papers they cite, or are cited by, or are co-cited 

with. 

Toward a Problem-Solving Environment for scholarly communication 

research 

As scholarly activities in sciences become increasingly heterogeneous and complicated, 

and as information technologies become more and more powerful, research on how to better 

facilitate scholarly activities with these powerful technologies is also increasing. This explains 

why design and implementation of Problem Solving Environments (PSEs) have become a 

research focus in computational science. 

The citation data increasingly available on the Web make it possible to conduct more 

sophisticated, and a wider variety of, citation analysis studies in scholarly communication. At the 

same time, they also call for integrated citation searching and analysis tools on the Web that 

make the use of these data sources more convenient. In addition, citation analysis is much more 

than collecting citation data from data sources �� it is a multiple-step, time consuming process. It 

has been a dream of citation analysts to have a tool at their disposal that would integrate the 

separate steps involved in citation analysis into �one smooth-flowing, economical machine 

process� (White, 1990, p. 104). A PSE for scholarly communication research could make this 

dream come true, and could simultaneously facilitate more sophisticated citation analysis studies 

and uses of citation analysis results in scholarly communication. 

The earlier discussion on how data sources and tools for citation analysis on the Web go 

beyond traditional citation indexes already includes some characteristics a PSE for scholarly 

communication research would have. This section explores this a little further. It first looks at 

what a PSE is and then examines the three key aspects of a PSE in the context of scholarly 

communication research, namely the problem area it addresses, the problem solving processes 

that researchers commonly employ in that area, and the environment that is to help a researcher 

in that area with these problem solving processes (Abrams et al., 2003). 
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What is a PSE? 

Like many terms in Computer Science, different people use the term problem solving 

environment (PSE) in different ways (Abrams et al., 2003). Although the term is hard to pin 

down, there have been attempts at a definition. The following one, by Gallopoulos, Houstis, and 

Rice (1994), appears to be the most frequently quoted in research papers on PSEs: 

A PSE is a computer system that provides all the computational facilities necessary to solve a target 

class of problems. These features include advanced solution methods, automatic or semiautomatic 

selection of solution methods, and ways to easily incorporate novel solution methods. Moreover, 

PSEs use the language of the target class of problems, so users can run them without specialized 

knowledge of the underlying computer hardware or software. By exploiting modern technologies such 

as interactive color graphics, powerful processors, and networks of specialized services, PSEs can 

track extended problem-solving tasks and allow users to review them easily. Overall, they create a 

framework that is all things to all people: they solve simple or complex problems, support rapid 

prototyping or detailed analysis, and can be used in introductory education or at the frontiers of 

science. (pp. 11-12) 

Thus, a PSE applies state of the art technology to create powerful and convenient 

computing environments for specific application areas (Abrams et al., 2003). A PSE provides 

software tools and expert assistance to scholars in a user-friendly environment. With a PSE, a 

scientist can concentrate on the science other than spending too much time and energy on 

�inessential and often arcane details of specific hardware and software systems� (Cheng, 1996), 

resulting in higher research productivity.  

Although research in PSEs already began in the 1960's, the lack of computing power 

limited both the research and practice of PSEs in the 1970's and 1980's (Cheng, 1996). In the 

1990's, however, research and practice of PSEs have been very active due to advances in some 

key technologies and stronger motivations.  

The possibility of building good PSEs has increased with the power and sophistication of 

the key technologies such as networking, visualization, parallel processing, and interface tools. 

And the need for PSEs has increased with the complexity and heterogeneity of the data, the 

applications and the problem solving processes that researchers employ. Without a sophisticated 

and usable PSE, it is virtually impossible to solve some large-scale engineering design problems 
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that are extremely heterogeneous, such as multidisciplinary design optimization (MDO) used in 

aerospace engineering (Abrams et al., 2003).  

It is predicted that PSEs will become �the main gateway� for scientists to access resources 

and will �change the pervading research culture, making it more open and accountable� through 

their support for �transparent access� to heterogeneous distributed resources and �seamless 

integration� of new software, hardware and data resources (Walker & Rana, 2003, p. 6). 

According to the PSE definition, a PSE for scholarly communication research would be a 

computer system that uses current technologies to provide all the computational facilities 

necessary to carry out scholarly communication research. A PSE for scholarly communication 

research would provide a complete and convenient set of high level tools for solving problems in 

scholarly communication; for example, it could help users define and modify research problems, 

allow them to choose from and combine various data sources, search for data that meet certain 

criteria, clean the data thus collected, choose from a variety of data analysis methods, and 

visualize, record and output results in ways they choose. It should also facilitate the construction 

and integration of novel approaches, for example by wrapping more data sources, or by applying 

new citation counting, multivariate analysis or visualization methods, or by feeding its output 

back to the user�s system (e.g. a search engine). A user should be able to communicate with the 

PSE in the language of scholarly communication research, not in the language of a particular 

operating system, programming language, or network protocol (Rice & Boisvert, 1996). 

The problem: what problem domains are being addressed?  

Scholarly communication research is the problem domain that is being addressed, as has 

been discussed in the Conceptual framework and literature review chapter. The following is a 

brief summary for the purpose of the discussion of a PSE for scholarly communication research.  

Scholarly communication research is �the study of how scholars in any field (e.g. 

physical, biological, social, and behavioral sciences, humanities, technology) use and 

disseminate information through formal and informal channels� (Borgman, 1990, p. 13; 

Borgman, 2000, p. 414). It is broad in scope and a diverse group of scholars including 

sociologists of science, communication researchers, historians of science and information 

scientists have contributed to it from different perspectives for different purposes.  

Communication behavior can be divided into formal and informal domains (Lievrouw, 

1988; Crawford, 1971). Formal scholarly communication is scholars� communication behavior 
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demonstrated through scholarly publications. Informal scholarly communication entails an 

interpersonal relation, in which scholars communicate with each other on aspects of their 

research.  

While informal communication is primarily studied using social network analysis methods 

based on sociometric data which record the frequency or strength of direct and indirect social 

choices or contacts and are often obtained through surveys and/or interviews, formal scholarly 

communication is primarily studied through bibliometric approaches which seek �to shed light 

on the processes of written communication and on the nature and course of development of a 

discipline (in so far as this is displayed through written communication), by means of counting 

and analyzing the various facets of written communication� (Pritchard, 1969, p. 348). 

Sociometric studies are primarily concerned with the changing structure of communications and 

social relationships associated with intellectual progress in specific scientific specialties or 

communities whereas bibliometric studies focus on the literature structures and implied 

intellectual structures of scientific specialties.  

Both formal and informal scholarly communication are now increasingly being carried out 

on the Web: electronic journals and books, online conference proceedings, discussion boards, 

newsgroups, chat rooms, Web-based group support systems, just to name a few. This not only 

provides new material and data for scholarly communication research but also brings up new 

research topics that may require new methods and lead to new theories, such as how scholarly 

communication is being transformed and what are the similarities or differences between the new 

formats and the traditional ones, and how the new formats facilitate or inhibit scholarly 

communication processes. 

Citation analysis is one of the most powerful and best-known approaches to the study of 

scholarly communication. It has been successfully applied in the study of formal aspects of 

scholarly communication, such as the study of the characteristics and the evolution of scholarly 

communities and networks (Ding, 1999; Small, 1990; White & McCain, 1998), the evaluation of 

scholarly contributions (Meho & Sonnenward, 2000), and the study of the diffusion of ideas 

(Rogers & Cottrill, 1990). It has also contributed to the study of informal aspects of scholarly 

communication by helping sociometric studies with identifying scholarly communities or 

specialties, with suggesting interesting points in the structure and process of scholarly 

communication to further explore, and with validation of results.  
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Citation analysis can not only help understand scholarly communication structures and 

processes but also aid information retrieval which is, in effect, a type of communication 

(Borgman, 2002; Crane, 1970; Lievrouw, 1988). The ISI databases and ResearchIndex have 

demonstrated the value of incorporating citation analysis results into information retrieval 

systems by providing such information as the number of citations each document receives, co-

cited documents, and various indicators of journal quality. There actually exist other possibilities 

of making use of citation analysis in information retrieval. For example, evaluative citation 

analysis results can help retrieve high quality documents and publications by core players 

(authors, institutes, countries, etc.), and relational citation analysis results may help expand 

queries and refine searches through resulting clusters of documents, authors and sub-areas.  

The problem solving process: what characterizes the solution process?  

As discussed earlier, scholarly communication research is broad in scope. A diverse group 

of researchers have employed various techniques and methods in their studies of various 

problems in scholarly communication such as social network analysis, content analysis, and 

citation analysis. Different methods may well be associated with different problem solving 

processes. A full analysis of these processes is beyond the scope of the present study although it 

is necessary for the design of a PSE for scholarly communication research. The following is 

focused on the examination of the problem solving process using the citation analysis approach 

and only briefly refers to other types of studies where relevant.  

This should still contribute to the development of a PSE for scholarly communication 

research because citation analysis studies account for an important part of scholarly 

communication research, and some other techniques and methods, such as link structure analysis 

of websites and social network analysis of sociometric data, are closely related to citation 

analysis. It may set an example for future analysis of processes using other techniques in 

scholarly communication research.  

Moreover, a PSE is by definition open to new software, hardware and data resources and 

solution methods. Although a PSE based purely on the process described here would not be 

complete, new tools, once identified and developed based on processes of scholarly 

communication research using other techniques, could easily be incorporated into an existing 

PSE. 
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Like most scientific studies, a citation analysis study of scholarly communication starts 

with research problem identification and research design. This is one of the most important parts 

of the research and demands an in-depth knowledge of the problem area, an exhaustive literature 

search and intensive communication with peers. However, most existing PSEs do not include 

facilities specifically designed for support of this part of the research, although theoretically 

PSEs could and there are studies that are heading in this direction (Chin et al., 2003).  

The present study therefore starts the analysis of the problem solving process from after a 

problem has been identified and a research design has been achieved. 

• Obtaining a set of citing papers along with the citations they made. 

Scholarly communication studies are usually concerned with communication patterns in 

certain scholarly communities. Scholarly communities can be defined in different ways in 

citation analysis studies, such as a nation, a discipline or a faculty. In addition, citation windows 

are often specified in scholarly communication studies. As a result, a set of citing papers needs to 

be obtained, along with citations they contain, to represent a defined scholarly community within 

a specific citation window. The subsequent analyses are based on these citing authors� collective 

view of their scholarly community as demonstrated through their citing behavior. In the case of 

the present study, the scholarly community being studied was the XML research field and all 

citing papers resulting from a keyword search in ResearchIndex or SCI and the references in the 

resulting papers were used to determine the authors that represent this community. No citation 

window was specified.   

As we have seen, to facilitate this part of the research, data sources that cover a variety of 

scholarly communities should be made available to a researcher by a PSE. These data sources 

should record authors� citing behavior and should support various types of searches such as 

searches by subject, author, date, author affiliation and, more importantly, by citations (e.g. by 

cited authors). They should also support download of search results in a standardized format as 

discussed earlier with ResearchIndex. Data sources that meet these conditions are here 

tentatively called �citation analysis data sources.� 

Data sources are increasingly available on the Web and they may or may not be citation 

analysis data sources. Therefore, in addition to a structure that allows easy integration of existing 

citation analysis data sources such as the ISI databases, a wrapper that converts data sources such 

as ResearchIndex and CogPrints repositories into citation analysis data sources would be a 
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necessary ingredient of a PSE. It should also have a mechanism for being informed of and 

accumulating citation analysis data sources or data sources that have the potential of supporting 

citation analysis. An online registry-lookup service and a specialized crawler would be an 

example of this. A registry-lookup service would allow data sources to be registered and 

searched. A crawler could go out on the Web to look for data sources that are useful for scholarly 

communication research.  

With these facilities, scholarly communication researchers would be able to use whatever 

data sources they find available even if these are originally not in a convenient format for citation 

analysis. For example, a scholar who wants to do a study similar to the present one in a research 

field outside computer science in a broad sense, would only need to provide a set of keywords 

and specify search criteria that define the scholarly community she wants to study. The crawler 

component of the scholarly communication PSE would go out on the Web to search for research 

papers that meet the criteria, and the wrapper component would then construct a database for 

these papers that is similar to ResearchIndex plus other features such as the option of 

downloading search results in a standardized format.  

Of course, the bottom line is that a data source that a scholarly communication researcher 

intends to use should contain information about citing-cited relationship, such as full text 

research papers with reference lists in the case of citation analysis or a listserv archive recording 

who responded to whom at what time about what in the case of social network analysis. 

• Cleaning citing papers collected 

Once citing papers along with the citations they made have been collected, a scholarly 

communication researcher often needs to do some clean-up work such as deleting any duplicates 

and paper entries that do not contain the data elements needed for that particular citation analysis 

study. For example, some papers such as opinion papers sometimes do not provide any 

references, and for some that do have references, the technology used for indexing them may not 

be able to capture their references correctly. These paper entries do not have any value in citation 

analysis studies and therefore need to be deleted from the analysis. Duplicates were found in the 

present study to be an issue that should not be neglected. The same research paper is sometimes 

published on the Web several times in different formats: as an early draft, a technical report, a 

conference paper or a journal paper. Automatic indexing tools such as ResearchIndex often 

cannot make the distinction between the different formats of the same research papers although 
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humans can easily. As a result, duplicates are often seen in data collected through an automatic 

tool on the Web. 

Experiences from the present study show that some of the clean-up work has to be carried 

out manually while some, such as removal of duplicates caused by different formats of the same 

author names, can be done automatically with well-designed programs. A PSE should therefore 

provide well-designed programs for identifying and removing duplicates or incomplete records, 

and it should also present citing papers and their references to the researcher in such a way that 

she can make corrections or deletions effectively and efficiently. In addition, a PSE should also 

provide facilities that help her with information verification, such as easy access to authors� 

homepages and to the corresponding full text papers. 

• Ranking objects by number of citations 

Scholarly communication studies that apply citation analysis techniques usually need to 

rank objects by their number of citations as calculated in various different ways. Objects can be 

papers, publishing venues (e.g. journals or websites), scholars (e.g. authors), nations, 

departments, etc. Objects to be ranked can be a predefined group such as all faculty members at a 

library school, or they can be all objects in the scholarly community being studied that appear in 

the set of citing papers collected, such as all scholars who have ever been cited by these papers.  

To facilitate ranking objects by number of citations, a PSE for scholarly communication 

research should provide both a predefined set of commonly used methods such as complete 

counts, fractional counts, straight counts and more sophisticated methods (Narin, 1976; Clever, 

1999), and a way for a researcher to define her own metric. It should also support easy 

incorporation of novel approaches emerging as scholarly communication research advances. 

In addition, there is a well-known problem in citation analysis caused by the fact that 

authors may publish under different names or different authors may have the same names. This 

problem needs to be addressable within a PSE to some extent in citation analysis studies, at least 

for highly cited authors that require closer examination. Thus, tools for determining object 

identities are an important ingredient of a scholarly communication PSE, such as facilities for the 

identification of, and access to, authors� publications and homepages. 

• Obtaining co-citation frequencies for selected objects 

As discussed in earlier chapters, objects to be co-citation analyzed can be selected from 

many sources, based on which the merit of the objects can be determined. Frequently used 
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measures include citedness, nomination by domain experts, or appearance in selective reference 

books such as Who�s Who. To facilitate this selection process, assistance with surveys or 

interviews of domain experts, and access to reference books and other related data sources such 

as certain statistics would be a useful ingredient of a PSE. 

Once objects have been selected, their co-citation frequencies need to be collected. Co-

citation frequency is just one way of measuring how closely two objects are related from the 

point of view of citers. Any methods that do the same job can be used in relational citation 

analysis. Several methods can be found in the literature in addition to the two methods used in 

the present study and discussed in earlier chapters, such as co-citation counts of two objects 

divided by the sum of the citation counts of these two objects. It is quite possible that new 

approaches will be developed with the advance of scholarly communication research. Therefore, 

a PSE�s support for multiple counting methods and easy incorporation of new approaches is 

necessary.   

• Compilation of co-citation frequency matrixes and conversion of them into 

correlation coefficient matrixes 

As discussed in the Methodology chapter, when the co-citation frequencies are entered in a 

matrix, some rows and columns may contain too many zero cells, which means that the authors 

corresponding to those rows and columns were not co-cited with many other authors, and 

therefore may not be good representatives of the field being studied by co-citation analysis. Such 

objects and their corresponding rows and columns in the co-citation matrix need then to be 

deleted according to some ad hoc criteria (McCain, 1990b; Penan, 1989), such as the one used in 

the present study, that is, more than 5% zero value cells. A PSE should provide a variety of well-

established filters of this kind, and allow the researcher to define her own parameters or filters. 

What to put in the diagonal cells of the matrixes is another technical detail that the 

researcher needs to decide. Obviously, a co-citation frequency matrix is symmetric with respect 

to the main diagonal. The values in the main diagonal would be the number of citations each 

object receives which can be troublesomely larger than any values in the off-diagonal cells and 

cannot be given the same interpretation as the rest of values in the matrix (Kreuzman, 2001; 

White & McCain, 1998; McCain, 1990b). There are a number of ways in the literature of 

adjusting these values such as treating them as missing value (McCain, 1989) or scaling them 

downward based on the corresponding off-diagonal values (Culnan et al., 1990; White and 
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Griffith, 1981). A PSE should again provide some reasonable default settings with an option for 

a researcher to adjust them to her own liking. 

Raw co-citation counts can be very misleading if compared directly (Kreuzman, 2001). 

Thus, the raw co-citation frequency matrixes are usually converted to some kind of correlation 

coefficient matrixes such as the Pearson�s r. This conversion appears to have a number of 

advantages because a normalized measure of the similarity of two objects such as the Pearson�s r 

takes into account their entire co-citation records rather than individual co-citation counts, that is 

their co-citations with all other objects (Kreuzman, 2001). Many statistical software packages 

such as SPSS and SAS have routines to calculate various correlation coefficients, and a link to 

such statistics packages would be a useful component of a scholarly communication PSE. 

Therefore, the compilation and conversion process can be well supported by computer 

programs collected in and provided by a PSE. It would be helpful with the calculation of 

correlation coefficients to have access to existing statistical software packages. However, it is the 

next step that more requires the incorporation of these existing packages rather than developing 

them from scratch. 

• Statistical analyses and output 

Citation analysis is concerned with �achieving a macro perspective on scholarly 

communication process through the use of voluminous datasets� (Borgman 1990, p. 26), and 

thus often needs to apply statistical analysis procedures such as correlation analysis, factor 

analysis, cluster analysis, or MDS as discussed earlier in the present study. 

There exist various statistical software packages such as SPSS and SAS that contain many 

routines that are useful in citation analysis. The difficulty with using them is that they often 

require specific formats for input data and then produce results in formats that are not easy to use 

directly in citation analysis. For example, the present study had to use MS Excel files and 

sometimes text files to communicate with SPSS manually: inputting matrixes from Excel to 

SPSS and copy/pasting, say, coordinates of author points from the output file of SPSS�s 

ALSCAL into Excel. The author was not able to make the plots of author-points produced by 

SPSS work properly for the present study. Instead, LaTeX was used to produce much nicer two 

dimensional maps of author points from the coordinates produced by SPSS�s ALSCAL. 

It would therefore be helpful to have transparent access from within a PSE to routines in 

these packages and to easily re-use results from them, such as factor structures from factor 
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analysis, dendrograms from cluster analysis and spatial representations of objects from MDS. 

This may further require the incorporation of visualization tools. LaTeX could be one of them, 

but may not be the best one for visualization purposes. 

• Interpretation and validation 

Factor analysis, Cluster analysis, MDS and other statistical approaches make it much easier 

to identify relationships among objects by converting these relationships to the relationships 

among factors or clusters that are much smaller in number, and by presenting the relationship 

between these clusters visually. Based on this, an interpretation can then be attempted. 

As McCain (1990b, p. 441) points out, �interpretation relies on discovering what the author 

clusters, factors, and map dimensions represent in terms of scholarly contributions, institutional 

or geographic ties, intellectual associations, and the like.� The depth of interpretation depends on 

the knowledge the interpreter has about the research field being studied or the domain being 

analyzed. The scholarly communication researcher needs to either have the knowledge herself or 

acquire a set of domain experts who are willing to be interviewed. Tools that help with the 

identification of and establishment of communication with domain experts and with conducting 

interviews would therefore be very helpful components of a PSE. 

There are a number of ways of validating citation analysis results as discussed in earlier 

chapters and by Garfield (1979), McCain (1986) and White (1990). The basic idea is to compare 

results from citation analysis with judgments of domain experts obtained through interviews, 

surveys or existing writings such as textbooks, reviews, and historical documents. Surveying 

tools and access to such documents are therefore necessary ingredients of a PSE. 

For both interpretation and validation, construction of object profiles can be of great help. 

An object profile is referred to here as a concise description of the characteristics of an object. In 

the case of author co-citation analysis, for example, an object profile would be a description of 

what an author has written about as one of the authors of publications collected in the co-citation 

analysis, and of the social or any other ties that this author has with other authors being studied. 

Once author factors or clusters are identified, a description of each factor can be produced based 

on profiles of authors in that factor. It can be produced by the researcher by, say, going through 

the publications and author homepages, which was what the author did in the present study. It 

can also be generated automatically from titles, abstracts or even the full text of the articles based 
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on word frequency analyses or other more sophisticated techniques. A PSE could provide 

valuable tools for constructing such object profiles. 

Object profiles can not only give valuable clues as to the meanings of clusters and factors, 

but also aid in interviews with domain experts. Domain experts may not know in detail what 

other authors in their field are doing, and may need to access the authors� publications or other 

information in order to provide their judgments of the interrelationship. That�s probably one 

reason that these interviews are often �at length� (McCain, 1990b, p. 441). The difference 

between an expert and an outsider is that an expert can make better sense of relevant 

information. Object profiles provide them with the information needed in a concise format.  

Another thing that would make it easier to acquire and interview domain experts is to 

conduct the interviews online in an easy to use and effective environment. This way, 

geographical obstacles would disappear. And there are a number of advantages of conducting 

interviews online compared with over the phone. The most important one is that the interviewer 

and interviewee can easily share written material such as object profiles online. 

As we have seen, to facilitate the interpretation and validation process, tools for 

constructing object profiles such as word frequency analysis tools, tools that help with the 

identification of and establishment of communication with domain experts, and environments 

that facilitate interviews and surveys of domain experts should be included in a PSE.  

The environment: what should the computational environment include? 

Different PSEs have different components, depending on their respective problem domains 

and the problem solving processes in these domains. In the case of a PSE for scholarly 

communication research, tools and resources, with which users can obtain, process and analyze 

citation data and interpret results and that should therefore be included in the PSE, have been 

identified and discussed above in the analysis of the citation analysis problem solving process. 

Below is a summary of these ingredients and a brief discussion of the desirable characteristics of 

a PSE for scholarly communication. 

• Summary of major characteristics of citation analysis processes and tools to be 

included 

As seen from the problem solving process discussed above, unlike most of the problem 

domains for which PSEs have been developed which are based on sophisticated mathematical 

models and require sophisticated numerical solution methods, citation analysis studies of 
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scholarly communication are characterized by the need of accessing heterogeneous distributed 

data sources, relying on domain experts, and intensive character processing such as citation 

searching, citation data cleaning (e.g. duplicates removal), citation counting, and word frequency 

analysis.  

One major characteristic of the citation analysis problem solving process is the need of 

accessing heterogeneous citation data sources that may reside on the user�s local computer or 

that may be distributed on the Internet. For a long time, the ISI databases have been the only data 

source for citation analysis studies. As the number of full text databases or repositories increases 

along with the computational power to process larger amounts of data, it is time to try other data 

sources that may not have all the problems of the ISI databases, such as the �journal only� 

coverage and the �first author only� approach to multiple authorships of cited papers. In addition, 

as shown in the present study, it is very important to use multiple data sources in order to see a 

more complete picture of a research field through citation analysis.  

Different data sources are often developed by different institutions and have different data 

formats and search mechanisms. The present study used two such data sources: SCI and 

ResearchIndex. Two different programs had to be written to search these two databases and to 

convert the data retrieved from them into similar formats for later use. Obviously, this is one 

aspect where a PSE can help by providing access to these heterogeneous data sources and their 

search results in a uniform way. 

Another characteristic of the citation analysis problem solving process is that a citation 

analyst does not necessarily know much about the research field being studied. Although the 

beauty of citation analysis is that it does not require domain knowledge, the depth of analysis 

depends on this knowledge. That means that in order to achieve an in-depth analysis, citation 

analysts have to, in the case of author co-citation analysis, read at least the titles and abstracts of 

the writings of authors being studied, consult some experts in the research field being studied, 

and, sometimes when studying the social aspects of scholarly communication, obtain authors� 

biographical information. This has been one of the most difficult and time-consuming parts of 

citation analysis, especially with the ISI databases that contain virtually no substantial 

information about cited papers. Clearly, expert assistance is very important here. It requires a 

PSE to provide tools for automatic topic extraction, easy access to authors� information such as 



137  

authors� homepages, publications and reviews of the research fields being citation analyzed, and 

tools that help identify domain experts, establish communication with them and interview them. 

Character processing is intensive and complex in the citation analysis process, from citation 

searching, citation data cleaning (e.g. duplicates removal), citation counting, to word frequency 

analysis in the construction of object profiles. It is important to locate useful character processing 

tools, such as the parsers and filters developed and used by the Open Citation Project and 

ResearchIndex, and make them work for citation analysis within the framework of a PSE. In 

addition, systems or languages that support character processing would be very useful. For 

example, given the difficulty of parsing documents in HTML format as discussed earlier and the 

ease of parsing XML documents with the support of DOM or SAX, XML would be more 

appropriate than HTML to use for data exchange in a PSE for citation analysis studies of 

scholarly communication. 

In summary, resources that should be included in a PSE for scholarly communication 

research are (1) citation analysis data sources that cover a wide range of scholarly communities 

and a variety of data types such as sources of full text research papers and newsgroups or listserv 

archives; (2) filters, parsers and tools for automatic topic extraction that are useful in citation 

data searching and cleaning, in the construction of object profiles, and in automatic labeling of 

object clusters or factors; (3) citation and co-citation counting tools; (4) statistical analysis tools; 

(5) visualization tools; and (6) survey / interview design and conduction environments. 

• Characteristics of a PSE for scholarly communication research 

Abrams et al. (2003) has listed the characteristics �that are desirable, to one degree or 

another, in a scientific PSE.� For a PSE for scholarly communication research, the following 

characteristics from their list are especially important.  

Problem-oriented. The PSE should allow the scholarly communication researcher to 

concentrate on solving their research problems, �without having to become a self-taught expert 

in networks or parallel computing or the World Wide Web.� (Abrams et al., 2003) 

Integrated. Scholarly communication research is characterized by the need of access to 

heterogeneous distributed data sources and tools. A PSE for scholarly communication research 

should make these resources available and manage all these resources in an integrated way to 

provide the user �a predictable and consistent environment.� (Abrams et al., 2003) 
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Powerful. Scholarly communication research is broad in scope. In order to allow various 

problems of great interest to be studied, a PSE for this field should make available sufficiently 

powerful hardware and software resources and a variety of types of data sources (research 

papers, newsgroups, etc.) that cover as many scholarly communities as possible.  

Open, flexible, adaptive. Data sources are increasingly available on the Web and new 

approaches to the study of scholarly communication are constantly being developed. A PSE for 

scholarly communication research should be open to these new resources. In addition, it should 

allow sophisticated users to tailor or add to its functionality. Also, it should allow other 

applications to integrate with their services. For example, it should allow a full text repository to 

use it to provide the functionalities enabled by citation indexing and analysis that include but are 

not limited to those being experimented with in ResearchIndex and in the Open Citation Project 

(http://citebase.eprints.org/cgi-bin/search). 

Graphical, visual. In addition to a graphical user interface through which users can easily 

communicate with the PSE in the language of scholarly communication research, scholarly 

communication studies often require experimenting with visualizations of research results, either 

citation networks or associated social networks, for example.  

Intelligent. Expert assistance is very useful throughout a citation analysis study �� from 

choice of an input set of objects, �through critiques of proposed interpretations of the results, to 

identification of anomalies that merit further investigation� (McCain, 1990b). With the advance 

of technology and online availability of information about objects (e.g. authors), it is likely that a 

PSE could supply some expert �advice� on these issues, such as automatic topic extraction of 

object factors / clusters through analysis of words in titles or abstracts of research papers.  
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CONCLUSIONS 
 

 

 

As the accelerated development of information technology, especially the rapid growth of 

the Web, is changing the circumstances and consequently the structures and processes of 

scholarly communication, there is renewed interest in the study of scholarly communication to 

see the types of communication that are taking place and the similarities to what we have come 

to expect from print based communication. Since the Internet as a powerful communication 

medium has radically improved the efficiency of communication, scholarly communicative 

activities are increasingly being conducted over the Internet:  interacting with peers, searching 

for information, publishing research results, etc. As a result, new data sources and tools for 

scholarly communication research are becoming increasingly available on the Web, which has 

opened up the possibility of new topics of inquiry applying new methods leading to new theories 

(Borgman, 2002; Zhao & Logan, 2002). 

The present study explored this possibility through an author citation analysis of scholarly 

communication patterns in the XML research field using data from both print journals as indexed 

by SCI and the Web as indexed by ResearchIndex. Citation analysis is a well-known approach to 

the study of formal scholarly communication, and has been successfully applied in the study of 

the new phenomena of scholarly communication in the digital environment. The present study 

conducted a series of author citation and co-citation analyses to identify the similarities and 

differences between Web-based and print journal-based scholarly communication in the XML 

research field and the contributing factors, and to reveal the capacity of scientific papers 

published on the Web along with existing citation indexing tools for Web publications as an 

alternative data source to the ISI databases for citation analysis studies. Based on this, it also 

explored possible improvements of such tools and the requirements for a PSE for scholarly 

communication research.  
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Scholarly communication 

Scholarly communication patterns in the XML research field 

XML is one of the most promising research areas. Although the core of the XML research 

field belongs to computer science, XML technology has applications in a wide range of areas, 

making it a broadly interdisciplinary field of study. The XML research field is also one of the 

research fields that has taken an early move to online publishing. Through a series of citation 

analyses of the XML research field, the present study identified the ideas and thinkers that have 

influenced the conceptual development within the XML research field, the sub-areas in this field 

that appear to be more active, and the interrelationship of the sub-areas and of the core XML 

researchers.  

Findings from this study indicate that the XML research field is a coherent research field in 

which scholars are well interconnected through intellectual and social ties. Researchers in this 

field are communicating research results heavily on the Web, especially results from studies at 

the research front. The two groups of XML scholars who actively publish on the Web or in 

journals share very few publications, and are concerned with different issues. While all study 

XML related standards or specifications and XML database design and implementation, research 

on XML applications is a focus only in journals, and research into the Semantic Web and 

programming for and processing of XML data is better represented on the Web. It appears that 

while emerging specialties such as The Semantic Web are better represented on the Web, new 

trends in long-existing specialties such as Software agents are quite visible in journals.  

However, these two groups have similar citing behavior and their collective views of 

author visibility and the intellectual structure of the research field are very similar as well. This is 

indicated by the very high correlation between author ranking by number of citations resulting 

from ResearchIndex and that from SCI when the same citation counting method was used. This 

is also suggested by the similar relative locations of specialties, to which both groups have 

contributed, on the MDS maps resulting from the two data sources. 

Scholarly communication in transition 

The differences in XML research focus in the two media along with other findings from the 

present study can shed some light on issues of scholarly communication in transition.  

As mentioned above, XML applications were found to be a focus only in print journals, 

while research into the Semantic Web and the programming for and processing of XML data was 
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seen to be more visible on the Web. From the point of view of XML research, unlike the 

Semantic Web and the programming for and processing of XML data, XML applications are 

about relatively mature rather than cutting-edge technologies. This may be evidence of research 

on the Web being more at a research front than that in journals.  This was also suggested by 

foundational and historical material being more highly cited in journals than on the Web, such as 

handbooks and opinion papers by Goldfarb, Bosak and Berners-Lee �� some of the inventers of 

the Web and XML related technologies. 

Actually, it has become very common in some fields such as mathematics and computer 

science that scholars put papers they have just finished on the Web and immediately send a link 

to the papers to as many people in their fields as they can while making their way to either 

conferences or journals. In other words, research in these fields is now largely being initially 

reported on the Web to obtain priority and fast recognition and then gradually distributed through 

other more formal channels such as journals to gain formal acceptance. As a result, in these 

fields, as Youngen (1997, p. 1) points out, �the Web is often the first choice for finding 

information on current research, for breaking scientific discoveries, and for keeping up with 

colleagues (and competitors) at other institutions.� 

These seem to be evidence of a  �two-tier system� in scholarly communication that is 

believed by some scholars to be a probable future model of the scholarly communication system 

(Poultney, 1996; van Raan, 2001). In this model, the first tier is a �free space� which represents 

the scholarly enterprise in �real time� and is most likely to feature free Web-based publications, 

while the second tier is the world of more formal publications that is most likely to continue to 

be dominated by journals (van Raan, 2001, p. 61). As suggested by the present study, the first 

tier primarily serves as information distribution medium to make the informal communication, 

on which scholars have relied to obtain most of the information they need for their research, 

more effective and efficient. And the second tier primarily serves as an archive and evaluation 

rather than information distribution device. The faster and wider distribution of information on 

the Web makes the Web a perfect medium for the initial publication of new research results in 

the first tier, and the journal has served well as an archive and evaluation device for a long time, 

which makes it natural to continue its role in the second tier. 

If this system evolves, journals that currently do not accept papers already published on the 

Web may have to change their policies, and all journals may eventually implement new 
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procedures to reduce or eliminate the time scholars spend reformatting their research papers for 

journal acceptance after they have been published on the Web. This would significantly improve 

the efficiency of scholarly communication. 

It is true in another sense as well that the further evolved two-tier scholarly communication 

model may improve the efficiency of scholarly communication.  

Findings from the current study revealed that the percentage of citing papers shared by the 

Web and journals is very low (7% of papers in SCI and 8% in ResearchIndex). This means that 

in the XML research field, papers published in journals are not largely made available on the 

Web and papers published on the Web are not well represented in SCI. Since papers publicly 

available on the Web tend to have more impact on research (Lawrence, 2001), there appears to 

be a need in scholarly communication in the XML research field to promote the public 

availability of research papers on the Web in order to improve the efficiency of communication. 

One thing that would help is to eliminate the concern that scholars have about whether 

publications in venues other than journals would be well recognized by their communities. As 

seen from the present study, many XML scholars except those who are extremely highly visible 

in the field still have this concern. How to properly address this concern can have significant 

impact on authors� communication behavior and thus on the scholarly communication system. 

The further evolved two-tier scholarly communication model may be a solution. 

Citation analysis 

Citation analysis is the primary method used in the present study. Citation analysis has a 

long history in the study of scholarly communication and the ISI databases have served as 

virtually the only data source for citation analysis studies. The incompleteness, bias, and 

limitations of this data source have been well acknowledged; nevertheless, it has remained as the 

basis for many studies, partly because these databases have been the only ones available for this 

purpose. Studies based upon ISI databases have provided valuable insight into scholarly 

communication patterns in many fields.  

With the Web becoming a powerful communication medium, full text research papers with 

reference lists are increasingly available on the Web. Search engines and even citation indexes 

are emerging to help researchers make full use of these resources. It seems natural for scholarly 

communication researchers to be tempted to use these papers and indexes as a data source for 

citation analysis studies as they do not have many of the problems of the ISI databases such as 
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the �first author only� approach to multiple authorship of cited papers and the �journal only� 

coverage of document types. However, we have only seen a few studies that make use of Web 

data sources. Clearly, citation analysts have concerns about the use of these data sources. The 

concerns may include: (1) Web-publishing is not as well controlled as journal publishing and 

therefore might be viewed as being flawed for citation analysis. (2) Citation analysis of data from 

the ISI databases is considered complete enough to get a picture of scholarly communication 

patterns in a research field as papers indexed in these databases are considered to be �the most 

important� portion of the literature in the field. (3) Data and tools on the Web do not cover as 

many disciplines and are often not as easy to use as the ISI databases. 

Findings from the present citation analysis study on XML research may help address some 

of these concerns.   

First, the author ranking by number of citations resulting from ResearchIndex was highly 

correlated with that from SCI when the same citation counting method was used. And the 

specialties in which scholars in both media had been engaged were placed in the similar general 

locations on the MDS maps resulting from these two data sources. In other words, regarding the 

impact of a group of scholars on research and the interrelationship of specialties in the XML 

field, the collective view of citers on the Web is largely the same as that of citers in journals. 

Evaluation of scholars and examination of intellectual structures based on this view should thus 

be considered as equally valid, provided the discipline being studied is well-published on the 

Web.  

Second, findings from the present study indicate that, in order to gain a complete picture of 

the scholarly communication patterns in the XML research field, multiple data sources should be 

used rather than only the ISI databases or ResearchIndex. 

This can be seen from the differences in research focus on the Web and in journals. The 

two groups of XML scholars who actively publish on the Web or in journals share very few 

publications, and are concerned with different issues. While all study XML related standards and 

specifications or XML database design and implementation, research on XML applications is a 

focus only in print journals, and research into the Semantic Web and on programming for, and 

processing of, XML data is better represented on the Web. Citation analysis using either one of 

the two data sources alone would not reveal the complete communication structure of this 

research field. 
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This was also suggested by the large difference between different citation counting 

methods.  

Different citation counting methods can result in very different author rankings. In the 

present study, while rankings from fractional and complete counts were highly correlated in the 

XML research field, they were quite different from author rankings from straight counts �� the 

only citation counts that are well supported by the ISI databases. Straight counts can 

underestimate scholars who do not often publish as first authors but yet contribute to the research 

significantly, such as leaders of research projects and scholars with names starting late in the 

alphabet. As a result, other types of authors would get over-evaluated by straight counts. 

While the major subfield structure of the XML research field was about the same for both 

�first author co-citation� analysis and �all author co-citation� analysis, the number of specialties 

and the cohesion level of specialties identified were different between the two approaches.  The 

picture produced through �all author co-citation� analysis contained author groups that were 

more coherent and was therefore clearer. However, the same picture represented fewer 

specialties in the research field being studied than that produced through �first author co-

citation� analysis. 

Data sources that support various citation counting methods would allow authors to be 

ranked and mapped based on more than one citation or co-citation counting methods, and thus 

permit results to be cross validated and complement each other. This way, a more accurate 

evaluation of scholars would be achieved, and a clearer and more complete intellectual structure 

obtained. 

Moreover, as discussed earlier, the rapid development of information technology is 

revolutionizing the way that information is produced and exchanged. As a result, the scholarly 

communication system is changing to a new model which emphasizes preprints, conference 

papers and the online availability of research papers �� more in some fields than others 

(Goodrum et al., 2001). In physics or computer science, for example, the Web is often 

researchers� first choice for literature searching (Youngen, 1997). This means that the study of 

scholarly communication patterns demonstrated in this part of the literature is increasingly 

important and that it becomes a more serious problem to use the �journal only� ISI databases as 

the only citation analysis data source. 
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Third, although there are many advantages of using data and tools on the Web for citation 

analysis, it is true that currently they do not cover as many disciplines and are not as easy to use 

as the ISI databases. This was acknowledged and discussed earlier in the present study and in the 

pilot study (Zhao & Logan, 2002). However, these are precisely some of the aspects in scholarly 

communication systems that need to be improved and to which citation analysis can contribute.  

For example, we can investigate how to design and implement a problem solving 

environment (PSE) for scholarly communication research. The need for PSEs increases with the 

complexity and heterogeneity of the data, the applications, and the problem solving processes of 

research and development. The present study explored a PSE for scholarly communication 

research based on an examination of the problem solving processes of the present study, the pilot 

study, and citation analysis studies in general. Findings indicate that scholarly communication 

research needs to access a wide range of data sources and data processing and analysis tools, and 

thus can be well facilitated by a PSE. A PSE for scholarly communication research applies 

current technologies both to provide transparent access to heterogeneous data sources and tools, 

and to integrate the separate steps of scholarly communication research into �one smooth-

flowing, economical machine process� (White, 1990, p. 104). Building a good PSE for scholarly 

communication research has been made possible by the power and sophistication of key 

technologies such as networking, visualization, parallel processing, and interface tools. 

Information organization and retrieval on the Web 

The preliminary exploration of a PSE for scholarly communication research in the present 

study is just a start and hopefully will lead to a full discussion in the future. It is clear though that 

such a PSE would not only facilitate the study of scholarly communication but also contribute to 

the improvement of scholarly communication systems by directly or indirectly benefiting 

information organization and retrieval as summarized below.  

Citation links and citation analysis have great value in enhancing information searching 

and organization on the Web as discussed earlier in the present study. Currently some efforts 

exist that make use of citation links and citation analysis to provide value-added information 

services.  

A PSE for scholarly communication research would be open to other Web services, and 

thus become an integrated part of other Web services such as digital libraries and search engines. 

The addition would help users determine the relevance, quality and interrelationship of scientific 
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papers they encounter. Such a PSE could also apply advanced scientific visualization techniques 

to present citation networks at various levels (micro or macro), to assist literature review, and 

information searching and management (Small, 1999b). 

A PSE for scholarly communication research would provide transparent and easy access to 

various data sources and tools to facilitate studies of a wide range of problems. Results from 

these studies may provide valuable insight into the design and implementation of more 

responsive scholarly communication systems not possible without these data sources and tools. 

For example, using publications from both the Web and print journals, the present study was able 

to provide insight into a scholarly communication system in transition by comparing 

communication patterns in the XML research field between the Web and print journals.  

Future studies 

The discussion on a PSE for scholarly communication research in the present study is 

limited to a requirement analysis based on citation analysis problem solving processes. A full 

investigation of the design and implementation of a PSE for scholarly communication research 

would be an interesting future study. Processes of other types of scholarly communication 

research need to be examined in order to design a complete and usable PSE. Emerging 

technology such as XML, JAVA, CORBA or SOAP may be needed to design a common 

language and to provide an open architecture for the various components of the PSE to 

communicate with each other and with other Web resources and services (Walker & Rana, 

2003). Various tools, such as statistical tools, visualization tools, filters and parsers, need to be 

located, modified, developed and integrated. Clearly, this would not be an easy task but would be 

an important contribution to the improvement of scholarly communication systems and the study 

of scholarly communication. 

Another interesting future study would be to examine the extent to which results from the 

study of the XML research field can be generalized to other fields.  

 The XML research field is unique in that it was �digitally born� and has been growing 

with the Web. As a result, the Web is naturally one of the major communication channels used 

by the XML community. This may not be true with other research fields. Thus, Web publications 

in these other fields may not fully represent the entire field although using the Web to formally 

communicate scientific research may represent the trend in scholarly communication. 

Consequently, the extent to which results from the study of the XML research field can be 
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generalized to other fields may be limited. The value of the present study for fields other than 

XML research is not to identify characteristics in scholarly communication that apply 

universally, but lies in implications for understanding the transition of scholarly communication 

systems from print-centered to Web-based format.  

However, studies are certainly needed to explore whether results from this study can be 

generalized to other research fields, both those that are similar to the XML research field in 

terms of being closely related to the Web, and those that are different in terms of the degree to 

which they have adopted Web publishing. By comparing results from analyses of these research 

fields in terms of communication patterns identified from the Web and from journal literature, 

differences can be identified which may lead to some more generalizable characteristics.  

Based upon the present study, it might be interesting to combine the two data sources used 

to see what picture could be obtained of scholarly communication patterns in the XML research 

field. The present study used the two data sources separately and compared the citation analysis 

results from them. What would happen if we put the citing papers retrieved from ResearchIndex 

together with those from SCI, removed the duplicates, and conducted a citation analysis based on 

this set of papers? Would we get a clearer and more complete picture of the communication 

patterns?  

The increasingly available new data and tools for scholarly communication research have 

opened up the possibility of new and different studies. The present study and the directions for 

further pursuit mentioned above, although important and interesting, are only a few examples of 

what might be possible. Other citation analysis studies include experimenting with more 

sophisticated citation counting methods, citation context analysis, further study of information 

exchange between the print world and the Web. 
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APPENDIX A: ALGORITHMS OF PROGRAMS USED FOR 

DATA COLLECTION FROM RESEARCHINDEX 
 

 

There are two major tasks involved in data collection from ResearchIndex: (1) searching 

for papers on XML, and (2) extracting data elements useful for citation analyses from these 

papers (authors, title, source, publishing date is the minimum) and representing them in a data 

structure that is convenient for later data analysis. Correspondingly, two programs have been 

developed in the present study: GetSearchResult.java and GetData.java. 

GetSearchResult.java constructs a query on �XML or extensible Markup 

Language� in a format that can be accepted by ResearchIndex, submits it to ResearchIndex 

(doPost method), identifies the URLs of hits from the returned pages, and stores the URLs in 

a text file (getCitingURL method, citingURLfile.txt).  

The doPost method submits a query to ResearchIndex and puts the returned search 

results into a string variable. Based on an examination of ResearchIndex pages, the query used in 

the present study is �q=XML%20or%20extensible%20markup%20language&cs=1&submit= 

Search+Documents& af=Header&ao=Citations&am=2000�. It means using the �Search 

Documents� option to search for the term �XML or eXtensible markup language� in headers. 

Although it tells ResearchIndex to return up to 2000 hits, ResearchIndex appears to be set up in 

such a way that it always returns results page by page with a maximum of 50 hits on each page 

and a maximum of 1000 hits in total. The information of the first 50 returned documents is put 

into a string variable. This information is in HTML format. 

The getCitingURL method then goes through this string (actually a segment of it that 

contains information about retrieved papers delimited by strings �documents found.� and �Try 

your query at:�) and keeps searching for �href=�, one after another, to identify the URLs of the 

retrieved papers. Since the returned pages are generated automatically by ResearchIndex in 

response to queries, a consistent format is used, which makes it possible to remove URLs that do 

not refer to the returned relevant documents and to identify the URL of the next page of search 
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results. The removed URLs are mainly for navigation purpose such as http://citeseer.nj.nec.com/cs, 

http://www.researchindex.com/, http://www.neci.nec.com/, http://researchindex.org/, and those containing 

http://citeseer.nj.nec.com/correct/, http://citeseer.nj.nec.com/context/, http://citeseer.nj.nec.com/terms.html, 

http://citeseer.nj.nec.com/cs?q, http://citeseer.nj.nec.com/cs?rd=http, or http://citeseer.nj.nec.com/rd/. The 

URL of next page of search results is identified by looking for string 

�http://citeseer.nj.nec.com/cs?qb=” after �>Previous� or �First 50 documents�. The 

getPaperPage method is then called which retrieves the next page from the URL identified 

and put it into a string. The same procedure as on the first page will be performed on this page. It 

goes on this way until there are no further pages of search results left, which is indicated by the 

failure of finding the string �http://citeseer.nj.nec.com/cs?qb=” after �>Previous�. All URLs of 

papers on XML identified are put into a text file citingURLfile.txt. 

GetData.java goes through all the URLs in citingURLfile.txt and does the 

following for each URL: 

1) calls the getPaperPage method to retrieve the content of the page and to store it in a 

string variable. The page is also saved to a local file for later use (e.g. when the 

program needs to re-run offline); 

2) obtains the segment of the string containing BibTeX citing paper information (enclosed 

in a <PRE> element), and calls parseBibEntry method to parse this segment; 

3) obtains the segment containing information about papers cited in this paper. This 

segment always starts with the string �citations (may not include all citations):� and is 

followed by, in order, a section of an image located in an address starting with string 

�img src=\http://citeseer.nj.nec.com/graphs/ � (showing how this paper has been cited), a 

section starting with the string �Documents on the same site�, and a section starting 

with string �Sample documents with summaries�. Not necessarily all of these sections 

appear on a specific page. The program uses the first of those that do appear to end the 

segment containing cited paper information. If all these sections are missing on a page, 

a link for navigation purpose following the three sections that is common to all 

ResearchIndex pages will be used to find the ending point of this segment. The link is 

�http://citeseer.nj.nec.com/rd/0/http%253A%252F%252Fwww.neci.nec.com/ %257 

Elawrence/papers/online-nature01�.  
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4) for each citation entry in the segment containing cited paper information, the URL of 

the cited paper page is identified and the corresponding page is then retrieved and put 

into a string variable by the getPaperPage method. If this paper is in the 

ResearchIndex database, it is presented in the same way as the citing papers and 

therefore can be parsed in the same way as described above in step 2). If not, 

ResearchIndex provides a link indicated by string �Bib Entry� to a page that contains 

the bibliographical information of this cited paper. Since this information is also 

enclosed in a <PRE> element, the data elements (authors, title, etc.) of this cited paper 

can be obtained through step 1) to 2).  

5) saves citing paper information to citingPapers.txt and cited paper information 

to citedPapers.txt with data elements being separated by �|�. Data elements 

recorded in these files are: 

In citingPapers.txt:  

citingCode|author1|author2|author3|author4|author5|title

|year|docType|journalName|conferenceName|source 

In citedPapers.txt:  

citedCode|author1|author2|author3|author4|author5|title|

year|docType|journalName|conferenceName|source|citingCo

de* 

*citingCode in the file citedPapers.txt is the code of the paper whose reference list 

contains the cited paper being considered. 

The parseBibEntry method searches for �author =�, �title =�, �year =�, �journal =�, 

�booktitle =�, �text =�, �volume =�, �number =�, �pages =�, �publisher =�, �editor =�, �address 

=�, �month =�, or �url =�, and takes the string between the quotation marks that follows each of 

them. The title, year, journal, booktitle (conference name) information is used directly and the 

author information is further parsed by calling parseAuthors method. All the rest 

information is put together as source information. The document type information is obtained 

from the beginning of the BibTeX segment indicated by �@�. 

The parseAuthors method keeps searching before the end of the string for �and� or �;� 

or �&�, and takes the substring before the lowest position if more than one of them are found. In 

this substring, the method keeps searching for �,� as the separator between author names. Spaces 
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in author names identified this way are used as an indicator of the presence of both first name 

and last name. Thus, if an author name identified in this way does not contain at least one space, 

this name is put after the one identified next to form a complete name, thus changing e.g. �Hunt, 

S.� to �S. Hunt�. 

Some notes: 

• Searching for �;� and �&� in author parsing may cause problems because these two 

symbols are used in XML to represent some non-English letters such as those in 

German and French. However, a preliminary manual examination of the results from 

this method indicates that this will not cause serious problems in the present study. Of 

course, it would be preferred to replace these special character codes by Unicode 

characters before any other processing takes place.  

• Different formats of author names are taken care of in a simplified way, namely taking 

the last name and the first letter of the first name. No efforts were put on dealing with 

the problem of different authors with the same name because this does not seem to be a 

big problem in a single field, especially in a small and narrow one like the XML field 

(Garfield, 1979). 
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APPENDIX B: ALGORITHMS OF PROGRAMS USED FOR 

DATA COLLECTION FROM SCI 
 

 

 

Data collection from the entire SCI database 

The same two major tasks are involved in data collection from SCI as from ResearchIndex: 

(1) searching for papers on XML, and (2) extracting data elements useful for citation analyses 

from these papers (authors, title, source, publishing date is the minimum) and representing them 

in a data structure that is convenient for later data analysis.  

The first task is carried out manually using SCI�s Web-based version �� Web of Science 

(Topic=XML or eXtensible Markup Language; DocType=All document types; Language=All 

languages; Databases=SCI-EXPANDED; Timespan=All Years; sorted by latest date). All 

information retrieved is downloaded into a local machine as a text file (sci.txt). In this file, 

each paper is indexed by a number of fields starting with PT (Publication Type) and ending with 

ER (End of Record). Each field name is two letters separated by a space with the value of this 

field. See the attachment for a sample record.  

The second task is done by a Java program BuildDataFile.java, which is different 

from that (GetData.java) for ResearchIndex described in Appendix I, because the format of 

the retrieved information from SCI is different from that from ResearchIndex. 

BuildDataFile.java reads one line at a time from the file sci.txt into a string variable, 

and performs different tasks depending on the first two letters of the string.  

1) If the string starts with �AU� (author), the value of the author field following �AU� will 

be processed by a method (getAuthorName) in this way: if it is an organization 

indicated by a �*� at the beginning of the value, or if it does not contain first name, 

which is indicated by the failure of finding the separator �� comma for citing paper and 

space for cited paper �� in it, the entire value string will be put into the last name 

variable; otherwise, the substring before the separator is put into the last name variable 
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and that after the separator into the first name variable. First name and last name are 

normalized for cases and truncation, that is, last name takes the form of first letter in 

upper case followed by the remaining letters in lower case, and first name being initials 

of middle name (if exists) and first name. Take the attached sample record as an 

example, the first name variable will have the string �T. S.� and the last name variable 

�Chung�.  

2) If the string starts with �TI� (title), �PY� (publishing year), �DT� (document type), 

�SN� (issn), �SO� (source name), or �RP� (author affiliation), the value following the 

field name is directly put into a corresponding string variable. For example, the string 

�Article� will be put into a variable named �docType� for the attached sample record.  

3) If the string starts with �BP� (beginning page number), �VL� (volume number) or �IS� 

(issue number), the value will be used for composing a source string for the paper 

which consists of source name, �Vol.�, volume number, �no.�, issue number, �p.�, and 

the beginning page number. In the case of the attached sample record, the source string 

composed will be �INFORMATION PROCESSING LETTERS, Vol. 81, no. 2, p. 97�.  

4) If the string starts with �CR� (cited references), the value string following �CR� will be 

processed by a method getCitedPaper to obtain cited papers� data elements (first 

author, publishing year, source) which are separated by commas. This method takes the 

first data element (�BUNEMAN P� in the sample record) as author name unless it starts 

with �19� or �20� which will be taken as publishing year, the second data element 

(�1996� in the example) as publishing year if it starts with �19� or �20� or, if not, as 

source name, and the third data element (�P ACM SIGMOD INT C M� in the sample 

record) as source name if exists. The author name identified here (�BUNEMAN P�) 

will be processed by the method getAuthorName described above to get parsed and 

normalized for cases and truncation.  

5) If the string starts with �ER� indicating the end of the record, the data elements 

identified so far will be written into the corresponding text files, citing paper data into 

citingPapers.txt and cited paper data into citedPapers.txt with the data 

elements separated by �|�. The program goes on this way until all paper records in the 

file sci.txt have been processed. 

The data elements recorded in the text files are: 
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In citingPapers.txt:  

citingCode|author1|author2|author3|author4|author5|title|y

ear|issn|journalName|authorAffiliation|source 

In citedPapers.txt:  

citedCode|author1|author2|author3|author4|author5|title|

year|docType|journalName|authorAffiliation|source|citing

Code* 

 *The citingCode in citedPapers.txt is the code of the paper whose reference list 

contains the current cited paper. 

 

Data collection from computer science journals in SCI database 

A list of ISSNs of the computer science journals (Appendix IV) is obtained and put into a 

hash set. For each of the papers in citingPapers.txt, the entire record will be written into 

the file citingPapersComputer.txt if its ISSN is in the ISSN hash set, and its citingCode 

will be put into another hash set. After all papers in the file citingPapers.txt has been 

processed this way, the citingCode hash set will contain the citingCodes of all papers that are 

considered belonging to computer science. Then the file citedPapers.txt is gone through, 

and for each of the cited papers in it, the entire record will be written into 

citedPapersComputer.txt if its citingCode is in the citingCode hash set. As can be seen 

in the process, the file citingPapersComputer.txt has the same structure as the file 

citingPapers.txt, and the file citedPapersComputer.txt the same as 

citedPapers.txt. 

 

Attachment: a sample record in the file sci.txt retrieved from SCI 

 
PT Journal 

AU Chung, TS 

   Kim, HJ 

TI Extracting indexing information from XML DTDs 

SO INFORMATION PROCESSING LETTERS 

LA English 

DT Article 

NR 9 

SN 0020-0190 

PU ELSEVIER SCIENCE BV 
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C1 Seoul Natl Univ, Sch Engn & Comp Sci, Gwanak Gu, San 56- 

   1,Shillim Dong, Seoul 151742, South Korea 

   Seoul Natl Univ, Sch Engn & Comp Sci, Gwanak Gu, Seoul 

151742, South Korea 

DE databases; semistructured data; XML; query optimization 

CR BUNEMAN P, 1996, P ACM SIGMOD INT C M 

   FERNANDEZ M, 1998, P INT C DAT ENG ORL 

   GOLDMAN R, 1997, P C VER LARG DAT BAS 

   MCHUGH J, 1999, P C VER LARG DAT BAS 

   MILO T, 1999, P INT C DAT THER JER 

   NESTOROV S, 1997, P INT C DAT ENG BIRM 

   PAPAKONSTANTINO.Y, 1996, P C VER LARG DAT BAS 

   PAPAKONSTANTINO.Y, 1999, P INT C DAT ENG SYDN 

   SUCIU D, 1997, P INT C DAT THEOR AT 

TC 0 

BP 97 

EP 103 

PG 7 

JI Inf. Process. Lett. 

PY 2002 

PD JAN 31 

VL 81 

IS 2 

GA 496UE 

PI AMSTERDAM 

RP Chung TS 

   Seoul Natl Univ, Sch Engn & Comp Sci, Gwanak Gu, San 56-

1,Shillim Dong, Seoul 151742, South Korea 

J9 INF PROCESS LETT 

PA PO BOX 211, 1000 AE AMSTERDAM, NETHERLANDS 

UT ISI:000172414800008 

ER 
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APPENDIX C: ALGORITHMS OF PROGRAMS USED FOR 

COUNTING PUBLICATIONS, CITATIONS  

AND CO-CITATIONS 
 

 

 

Counting publications 

Input file: citingPapers.txt 

Output file:  numPublicationsStraight.txt (straight counts),  

numPublicationsComplete.txt (complete counts),  

numPublicationsFractional.txt (fractional counts) 

Counting process: 

All first authors along with corresponding number of publications (s) will be put into a 

hash map (hashMapFirst). All authors along with corresponding number of publications (c 

representing complete counts and f fractional counts) will be put into another hash map 

(hashMapAll).  A hash map is a �key-value� collection and allows searches by keys. An 

author key is computed by taking the author�s full last name and first name initial, all in lower 

case.  

At the beginning of the process the hash maps are empty. For each paper in the input file, 

the program takes the first author, computes an author key, and searches hashMapFirst and 

hashMapAll. If the key is found in hashMapFirst, the corresponding author�s s increases 

by 1. If the key is found in hashMapAll, the corresponding author�s c increases by 1 and f by 

1/n (n is the number of authors of the paper being considered). If not found, an author item 

including author key and s or c and f is added into the hash map or hash maps with 1 being 

the value of s and c and 1/n the value of f. The same is done to hashMapAll for all 

remaining co-authors.  

The program then outputs, in decreasing order of the corresponding number of 

publications, the authors and their s values in hashMapFirst into 
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numPublicationsFirst.txt, authors and their c values in hashMapAll into 

numPublicationsFive.txt, and authors and their f values in hashMapAll into 

numPublicationsFractional.txt. 

 

Counting citations 

Input file: citedPapers.txt 

Output file:  numCitationsStraight.txt (straight counts),  

numCitationsComplete.txt (complete counts),  

numCitationsFractional.txt (fractional counts) 

Counting process: 

Same as that for counting publications. 

 

Counting co-citations 

Input file: citedPapers.txt 

   coCitedAuthorsStraight.txt  

(list of authors to be co-citation analyzed, selected by straight counts) 

   coCitedAuthorsComplete.txt  

(list of authors to be co-citation analyzed, selected by complete counts) 

Output file: matrixFirst.txt (first author co-citation matrix),  

matrixAll.txt (all author co-citation matrix),  

Counting process: 

All first authors (name and key) along with the codes of papers (citingCode) that cite the 

corresponding authors will be put into a hash map (hashMapFirst). All authors (name and 

key) along with the codes of papers (citingCode) that cite the corresponding authors will be put 

into another hash map (hashMapAll).  A hash map is a �key-value� collection and allows 

searches by keys. An author key is computed by taking the author�s full last name and first name 

initial, all in lower case.  

At the beginning of the process the hash maps are empty. For each paper record in the input 

file citedPapers.txt, the program takes the first author, computes an author key from it, 

and searches hashMapFirst by this key. If the key is found, the record�s citingCode will be 

added into the corresponding author�s citingCode set in hashMapFirst. If not, an author item 
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including author key, author name and a citingCode set will be added into hashMapFirst 

with the citingCode set having only one citingCode �� the current paper�s citingCode. The same 

is done to hashMapAll where all authors including first authors and co-authors will be taken 

into account, one at a time. 

After all papers in the input file citedPapers.txt have been processed this way, each 

author in the hash maps will have a citingCode set which contains the codes of all papers that 

have cited this author. The number of common codes in author A�s set and in author B�s set 

becomes the number of co-citations between author A and B. In this way, co-citation counts for 

the authors in coCitedAuthorsStraight.txt and those in 

coCitedAuthorsComplete.txt are computed. The results are recorded in matrixes (N 

dimensional arrays, N being the number of authors to be analyzed) and then written into the 

corresponding text files. Below is the detailed procedure taking 

coCitedAuthorsStraight.txt that contains N different authors as an example. 

put authors in coCitedAuthorsStright.txt into an array authors[]; 

for (int i=0; i<N; i++) 

{ setI = getCitingCodeSet(authors[i]);    

//get the ith author’s citingCode set (set i); 

 for (int j=i+1; j<N; j++) 

 { setJ = getCitingCodeSet(authors[j]);  

//get the jth author’s citingCode set (set j); 

  array[i][j] = getNumOfCommonCodes(setI, setJ);  

//get the number of citingCodes common to both  

//setI and setJ 

//and put it into a co-citation matrix  

//(N dimensional array) 

 } 

} 

HashSet getCitingCodeSet (String authorName) method 

{ compute authorKey from authorName; 

 search hashMapFirst by authorKey; 

 return author citingCode set; 

} 

int getNumOfCommonCodes(setI, setJ) 

{ int numCommon; 

while (has more items in setI) //iterate setI 
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 { get next item itemK; 

  if setJ contains itemK, numCommon = numCommon + 1; 

 } 

 return numCommom; 

} 
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APPENDIX D: JOURNALS INDEXED IN SCI’S JCR UNDER 

“COMPUTER SCIENCE” 
 

 

JCR Year and Edition: 2000 Science  

Journal summary list: 

Selection:    COMPUTER SCIENCE, ARTIFICIAL INTELLIGENCE; COMPUTER SCIENCE, 

CYBERNETICS; COMPUTER SCIENCE, HARDWARE & ARCHITECTURE; 

COMPUTER SCIENCE, INFORMATION SYSTEMS; COMPUTER SCIENCE, 

INTERDISCIPLINARY APPLICATIONS; COMPUTER SCIENCE, 

SOFTWARE, GRAPHICS, PROGRAMMING; COMPUTER SCIENCE, 

THEORY & METHODS  

 

 

Abbreviated  

Journal Title 

ISSN 2000 Total 

Cites 

Impact 

Factor 

Immediacy 

Index 

2000 

Articles 

Cited 

Half-Life 

ACM COMPUT 

SURV 

0360-

0300 

782 0.923 0.182 11 7.4 

ACM SIGPLAN 

NOTICES 

0362-

1340 

577 0.189 0.032 155 8.3 

ACM T COMPUT 

SYST 

0734-

2071 

561 0.800 0.000 10 >10.0 

ACM T DATABASE 

SYST 

0362-

5915 

694 1.000 0.000 6 >10.0 

ACM T GRAPHIC 0730-

0301 

526 2.038 0.125 8 8.5 

ACM T INFORM 

SYST 

1046-

8188 

489 0.900 0.167 12 8.5 

ACM T MATH 

SOFTWARE 

0098-

3500 

1019 0.807 0.000 22 >10.0 

ACM T PROGR 

LANG SYS 

0164-

0925 

1014 1.292 0.059 17 9.0 

ACTA INFORM 0001-

5903 

518 0.702 0.000 26 >10.0 
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ADV ENG SOFTW 0965-

9978 

226 0.306 0.009 111 5.1 

AI APPLICATIONS 1051-

8266 

87 0.500 99.999 0  

AI COMMUN 0921-

7126 

79 0.697 0.000 22  

AI EDAM 0890-

0604 

102 0.171 0.000 28 4.8 

AI MAG 0738-

4602 

505 1.447 0.036 28 7.3 

ALGORITHMICA 0178-

4617 

791 0.504 0.167 66 7.2 

ANALOG INTEGR 

CIRC S 

0925-

1030 

246 0.209 0.020 101 4.1 

ANN MATH ARTIF 

INTEL 

1012-

2443 

234 0.671 0.125 8 5.9 

ANN SOFTW ENG 1022-

7091 

64 0.482 0.069 29  

APPL ALGEBR ENG 

COMM 

0938-

1279 

104 0.531 0.111 27 5.1 

APPL ARTIF INTELL 0883-

9514 

187 1.017 0.000 36 5.2 

APPL INTELL 0924-

669X 

88 0.420 0.294 34  

ARCH COMPUT 

METHOD E 

1134-

3060 

87 0.688 0.200 5  

ARTIF INTELL 0004-

3702 

4320 2.029 0.364 77 9.2 

ARTIF INTELL ENG 0954-

1810 

89 0.408 0.037 27  

ARTIF INTELL MED 0933-

3657 

355 1.793 0.083 36 3.5 

ARTIF INTELL REV 0269-

2821 

112 0.222 0.000 14 4.6 

ARTIF LIFE 1064-

5462 

437 2.541 0.778 9 6.3 

ASLIB PROC 0001-

253X 

86 0.397 0.083 36  

AUST COMPUT J 0004-

8917 

60 0.179 99.999 0  

AUTOM CONTROL 

COMP S 

0146-

4116 

25 0.009 0.000 35  

AUTON ROBOT 0929-

5593 

141 0.672 0.250 40 3.6 

BEHAV INFORM 

TECHNOL 

0144-

929X 

256 0.413 0.225 40 7.2 
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BELL LABS TECH J 1089-

7089 

224 1.048 0.595 37 2.6 

BIOINFORMATICS 1367-

4803 

980 3.409 0.255 165 2.1 

BIOL CYBERN 0340-

1200 

3115 1.185 0.356 90 >10.0 

BIOTECHNOL 

SOFTW I J 

1088-

4270 

2 0.000 99.999   

BIT 0006-

3835 

802 0.990 0.106 47 >10.0 

BYTE 0360-

5280 

227 0.185 99.999 0 6.5 

CAN J ELECT 

COMPUT E 

0840-

8688 

25 0.060 0.077 13  

CHEMOMETR 

INTELL LAB 

0169-

7439 

1326 1.462 0.232 69 5.2 

CHIC J THEOR 

COMPUT 

1073-

0486 

1 0.000 0.000 1  

COGNITIVE BRAIN 

RES 

0926-

6410 

869 2.733 0.400 60 4.2 

COMB PROBAB 

COMPUT 

0963-

5483 

83 0.368 0.000 28  

COMMUN ACM 0001-

0782 

5985 1.624 0.354 147 >10.0 

COMP STAND 

INTER 

0920-

5489 

68 0.304 0.037 27  

COMPEL 0332-

1649 

141 0.340 0.034 117 5.1 

COMPUT AIDED 

DESIGN 

0010-

4485 

1363 0.982 0.033 61 6.7 

COMPUT AIDED 

GEOM D 

0167-

8396 

541 0.485 0.174 46 8.9 

COMPUT APPL ENG 

EDUC 

1061-

3773 

19 0.104 0.000 29  

COMPUT ARTIF 

INTELL 

0232-

0274 

50 0.226 0.000 24  

COMPUT BIOL MED 0010-

4825 

363 0.644 0.083 24 7.0 

COMPUT BIOMED 

RES 

0010-

4809 

504 0.635 0.037 27 >10.0 

COMPUT CHEM 0097-

8485 

764 0.926 0.175 63 7.1 

COMPUT CHEM 

ENG 

0098-

1354 

2740 0.709 0.044 338 6.0 

COMPUT COMMUN 0140-

3664 

374 0.341 0.047 150 4.6 
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COMPUT COMPLEX 1016-

3328 

183 0.588 0.250 4 6.5 

COMPUT DES 0010-

4566 

29 0.031 99.999 0  

COMPUT EDUC 0360-

1315 

184 0.300 0.047 43 6.0 

COMPUT ELECTR 

ENG 

0045-

7906 

45 0.067 0.000 28  

COMPUT 

ELECTRON AGR 

0168-

1699 

195 0.379 0.146 96 3.8 

COMPUT FLUIDS 0045-

7930 

814 0.792 0.103 39 7.5 

COMPUT GEOSCI-

UK 

0098-

3004 

801 0.468 0.143 105 7.8 

COMPUT GEOTECH 0266-

352X 

87 0.367 0.000 31  

COMPUT GRAPH 

FORUM 

0167-

7055 

123 0.222 0.000 72 4.4 

COMPUT GRAPH 

WORLD 

0271-

4159 

28 0.087 0.012 82  

COMPUT GRAPH-

UK 

0097-

8493 

328 0.483 0.078 77 6.0 

COMPUT 

HUMANITIES 

0010-

4817 

57 0.143 0.000 36  

COMPUT IND 0166-

3615 

370 0.418 0.068 59 5.5 

COMPUT IND ENG 0360-

8352 

540 0.128 0.000 31 5.4 

COMPUT INTEGR 

MANUF 

0951-

5240 

247 0.414 99.999 0 5.0 

COMPUT INTELL 0824-

7935 

326 1.091 0.346 26 6.6 

COMPUT J 0010-

4620 

1309 0.398 0.091 33 >10.0 

COMPUT LANG 0096-

0551 

59 0.200 99.999   

COMPUT LINGUIST 0891-

2017 

368 1.146 0.067 15 7.3 

COMPUT MATH 

APPL 

0898-

1221 

1017 0.339 0.072 237 6.3 

COMPUT METH 

PROG BIO 

0169-

2607 

673 0.581 0.000 67 6.8 

COMPUT METHOD 

APPL M 

0045-

7825 

4897 0.970 0.149 390 8.4 

COMPUT MUSIC J 0148-

9267 

158 0.306 0.067 15 9.9 
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COMPUT NETW 1389-

1286 

712 0.390 0.050 159 4.8 

COMPUT OPER RES 0305-

0548 

548 0.337 0.000 80 6.0 

COMPUT PHYS 0894-

1866 

282 1.153 99.999 0 4.8 

COMPUT PHYS 

COMMUN 

0010-

4655 

4536 1.090 0.240 262 7.8 

COMPUT SCI ENG 1521-

9615 

73 1.241 0.015 66  

COMPUT SECUR 0167-

4048 

60 0.127 0.000 51  

COMPUT SPEECH 

LANG 

0885-

2308 

208 0.659 0.167 18 5.9 

COMPUT STAT 

DATA AN 

0167-

9473 

330 0.374 0.012 83 4.8 

COMPUT STRUCT 0045-

7949 

2494 0.385 0.038 292 8.6 

COMPUT SYST SCI 

ENG 

0267-

6192 

19 0.113 0.053 38  

COMPUT VIS 

IMAGE UND 

1077-

3142 

560 0.874 0.164 67 3.9 

COMPUTAT GEOSCI 1420-

0597 

46 0.344 0.100 10  

COMPUTER 0018-

9162 

1542 1.043 0.150 127 5.9 

COMPUTING 0010-

485X 

554 0.551 0.103 39 >10.0 

CONCURRENCY-

PRACT EX 

1040-

3108 

283 0.556 0.053 75 3.8 

CONCURRENT 

ENG-RES A 

1063-

293X 

183 0.736 0.000 23 4.7 

CONNECT SCI 0954-

0091 

214 0.818 0.154 13 6.4 

CONTROL CYBERN 0324-

8569 

135 0.152 0.029 35 5.0 

CYBERN SYST 

ANAL+ 

1060-

0396 

199 0.000 0.000 76 >10.0 

CYBERNET SYST 0196-

9722 

165 0.457 0.175 40 6.1 

DATA KNOWL ENG 0169-

023X 

195 0.582 0.080 50 4.5 

DATA MIN KNOWL 

DISC 

1384-

5810 

131 1.931 0.417 12 3.1 

DATAMATION 0011-

6963 

138 0.150 99.999 0 7.0 
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DECIS SUPPORT 

SYST 

0167-

9236 

479 0.543 0.014 73 6.4 

DES AUTOM 

EMBED SYST 

0929-

5585 

21 0.429 0.000 22  

DISCRETE COMPUT 

GEOM 

0179-

5376 

588 0.645 0.037 82 7.2 

DISPLAYS 0141-

9382 

109 0.500 0.000 30 5.4 

DISTRIB COMPUT 0178-

2770 

242 1.040 0.067 15 8.5 

DISTRIB PARALLEL 

DAT 

0926-

8782 

119 0.481 0.000 14 5.6 

DR DOBBS J 1044-

789X 

93 0.087 0.026 156  

ENG APPL ARTIF 

INTEL 

0952-

1976 

141 0.231 0.046 65 4.9 

ENG COMPUT-

GERMANY 

0177-

0667 

121 0.448 0.000 13 5.6 

ENG 

COMPUTATION 

0264-

4401 

349 0.393 0.048 42 7.1 

ENG INTELL SYST 

ELEC 

0969-

1170 

20 0.164 0.000 23  

ENVIRON MODELL 

SOFTW 

1364-

8152 

78 0.545 0.056 72  

EUR J INFORM 

SYST 

0960-

085X 

89 0.396 0.000 20  

EXPERT SYST 0266-

4720 

134 0.176 0.000 14 5.7 

EXPERT SYST APPL 0957-

4174 

224 0.405 0.038 52 5.4 

FORM METHOD 

SYST DES 

0925-

9856 

154 0.500 0.105 19 4.8 

FUZZY SET SYST 0165-

0114 

3171 0.393 0.142 323 8.3 

GRAPH MODELS 1524-

0703 

274 1.143 0.000 20 4.4 

HEWLETT-

PACKARD J 

0018-

1153 

97 0.184 99.999 0  

HUM-COMPUT 

INTERACT 

0737-

0024 

95 1.400 0.000 2  

IBM J RES DEV 0018-

8646 

1775 1.944 0.882 17 >10.0 

IBM SYST J 0018-

8670 

491 0.635 0.821 56 6.4 

ICCA J 0920-

234X 

99 0.386 99.999 0  
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ICGA J 1389-

6911 

10  0.769 13  

IEE P-COMPUT DIG 

T 

1350-

2387 

217 0.315 0.019 52 6.4 

IEEE ACM T 

NETWORK 

1063-

6692 

1377 1.614 0.055 55 4.9 

IEEE ANN HIST 

COMPUT 

1058-

6180 

54 0.271 0.077 13  

IEEE COMPUT APPL 

POW 

0895-

0156 

70 0.302 0.148 27  

IEEE COMPUT 

GRAPH 

0272-

1716 

1022 1.333 0.183 71 7.8 

IEEE COMPUT SCI 

ENG 

1070-

9924 

150 1.310 99.999 0 4.2 

IEEE CONCURR 1092-

3063 

82 1.018 0.061 33  

IEEE DES TEST 

COMPUT 

0740-

7475 

278 0.803 0.025 40 5.8 

IEEE INTELL SYST 

APP 

1094-

7167 

120 1.000 0.161 56 2.0 

IEEE INTERNET 

COMPUT 

1089-

7801 

214 1.351 0.143 70 2.6 

IEEE MICRO 0272-

1732 

491 0.811 0.109 55 4.6 

IEEE MULTIMEDIA 1070-

986X 

313 0.846 0.032 31 4.5 

IEEE NETWORK 0890-

8044 

398 1.291 0.189 37 4.7 

IEEE PERS 

COMMUN 

1070-

9916 

427 1.733 0.186 43 4.2 

IEEE SOFTWARE 0740-

7459 

944 1.028 0.148 61 6.7 

IEEE T COMPUT 0018-

9340 

5155 1.263 0.158 120 >10.0 

IEEE T COMPUT 

AID D 

0278-

0070 

1691 0.717 0.095 126 7.2 

IEEE T FUZZY SYST 1063-

6706 

992 1.873 0.014 72 5.2 

IEEE T IMAGE 

PROCESS 

1057-

7149 

2512 2.078 0.327 156 4.7 

IEEE T INFORM 

THEORY 

0018-

9448 

5944 0.654 0.363 179 >10.0 

IEEE T KNOWL 

DATA EN 

1041-

4347 

849 1.000 0.069 58 5.5 

IEEE T MED 

IMAGING 

0278-

0062 

2838 2.573 0.204 98 5.8 



167  

IEEE T NEURAL 

NETWOR 

1045-

9227 

3051 1.096 0.217 138 6.4 

IEEE T PARALL 

DISTR 

1045-

9219 

1192 0.882 0.088 91 6.0 

IEEE T PATTERN 

ANAL 

0162-

8828 

6936 2.094 0.187 123 9.2 

IEEE T RELIAB 0018-

9529 

862 0.358 0.000 28 >10.0 

IEEE T SOFTWARE 

ENG 

0098-

5589 

2836 1.746 0.100 70 9.8 

IEEE T SYST MAN 

CY A 

1083-

4427 

222 0.557 0.025 80 3.3 

IEEE T SYST MAN 

CY B 

1083-

4419 

402 0.720 0.034 89 3.6 

IEEE T SYST MAN 

CY C 

1094-

6977 

89 0.957 0.019 52  

IEEE T VIS COMPUT 

GR 

1077-

2626 

267 1.735 0.080 25 3.8 

IEEE T VLSI SYST 1063-

8210 

436 0.728 0.072 69 4.6 

IEICE T FUND 

ELECTR 

0916-

8508 

517 0.254 0.034 293 3.9 

IEICE T INF SYST 0916-

8532 

167 0.143 0.047 213 4.4 

IMAGE VISION 

COMPUT 

0262-

8856 

667 0.684 0.131 84 5.9 

IND MANAGE 

DATA SYST 

0263-

5577 

23 0.061 0.000 46  

INFOR 0315-

5986 

139 0.133 0.045 22 >10.0 

INFORM COMPUT 0890-

5401 

2240 0.635 0.108 65 >10.0 

INFORM MANAGE 0378-

7206 

593 0.683 0.079 38 6.5 

INFORM PROCESS 

LETT 

0020-

0190 

1260 0.360 0.042 144 8.6 

INFORM PROCESS 

MANAG 

0306-

4573 

474 0.719 0.000 38 6.3 

INFORM SCIENCES 0020-

0255 

739 0.322 0.039 128 >10.0 

INFORM 

SOFTWARE TECH 

0950-

5849 

250 0.291 0.061 82 4.9 

INFORM SYST 0306-

4379 

990 2.105 0.269 26 8.1 

INFORM SYST 

MANAGE 

1058-

0530 

40 0.058 0.000 42  
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INFORM TECHNOL 

LIBR 

0730-

9295 

67 0.481 0.000 28  

INT J APPROX 

REASON 

0888-

613X 

232 0.417 0.000 32 7.3 

INT J COMP INTEG 

M 

0951-

192X 

276 0.667 0.022 45 5.7 

INT J COMPUT 

APPL T 

0952-

8091 

25 0.041 0.000 38  

INT J COMPUT 

GEOM AP 

0218-

1959 

119 0.339 0.031 32 4.9 

INT J COMPUT 

VISION 

0920-

5691 

1681 1.835 0.100 60 7.0 

INT J COOP INF 

SYST 

0218-

8430 

82 0.321 0.000 18  

INT J GEN SYST 0308-

1079 

212 0.268 0.058 52 >10.0 

INT J GEOGR INF 

SCI 

1365-

8816 

570 0.988 0.047 43 6.0 

INT J HIGH 

PERFORM C 

1094-

3420 

16 0.441 0.043 23  

INT J HIGH SPEED 

COM 

0129-

0533 

44 0.050 0.000 4  

INT J HUM-COMPUT 

INT 

1044-

7318 

80 0.529 0.000 12  

INT J HUM-COMPUT 

ST 

1071-

5819 

366 0.333 0.083 84 4.4 

INT J INTELL SYST 0884-

8173 

262 0.450 0.033 61 5.8 

INT J MED INFORM 1386-

5056 

223 0.699 0.091 44 2.5 

INT J MICROGR OPT 

T 

0958-

9961 

4 0.000 0.000 11  

INT J MOD PHYS C 0129-

1831 

604 0.954 0.176 102 3.4 

INT J NUMER METH 

FL 

0271-

2091 

1351 0.503 0.073 124 6.6 

INT J PARALLEL 

PROG 

0885-

7458 

116 0.125 0.000 21 9.2 

INT J PATTERN 

RECOGN 

0218-

0014 

284 0.310 0.000 63 6.1 

INT J RF MICROW C 

E 

1096-

4290 

42 0.494 0.028 36  

INT J SOFTW ENG 

KNOW 

0218-

1940 

85 0.317 0.029 34  

INT J SYST SCI 0020-

7721 

598 0.290 0.039 153 7.2 
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INT J UNCERTAIN 

FUZZ 

0218-

4885 

83 0.145 0.023 43  

INTEGR COMPUT-

AID E 

1069-

2509 

40 0.128 0.000 24  

INTEGRATION 0167-

9260 

127 0.186 0.267 15 5.9 

INTELL AUTOM 

SOFT CO 

1079-

8587 

28 0.163 0.037 27  

INTERACT COMPUT 0953-

5438 

141 0.838 0.028 36 4.1 

INTERNET RES 1066-

2243 

100 0.489 0.075 40 3.1 

J ACM 0004-

5411 

2994 2.083 0.176 34 >10.0 

J ALGORITHM 0196-

6774 

843 0.585 0.091 66 8.9 

J AM MED INFORM 

ASSN 

1067-

5027 

725 3.089 0.765 51 3.4 

J AM SOC INFORM 

SCI 

0002-

8231 

1439 1.226 0.311 106 6.6 

J ARTIF INTELL RES 1076-

9757 

243 1.064 0.000 20 4.2 

J AUTOM 

REASONING 

0168-

7433 

207 0.741 0.040 25 4.9 

J CHEM INF COMP 

SCI 

0095-

2338 

3259 2.929 0.558 172 4.5 

J CIRCUIT SYST 

COMP 

0218-

1266 

96 0.444 0.000 8  

J COMB OPTIM 1382-

6905 

50 0.481 0.042 24  

J COMPLEXITY 0885-

064X 

277 0.792 0.133 30 6.6 

J COMPUT AID MOL 

DES 

0920-

654X 

1485 2.739 0.636 55 5.7 

J COMPUT CIVIL 

ENG 

0887-

3801 

143 0.375 0.000 33 5.8 

J COMPUT INFORM 

SYST 

0887-

4417 

21 0.051 0.000 44  

J COMPUT PHYS 0021-

9991 

7829 1.550 0.157 229 >10.0 

J COMPUT SYS SC 

INT+ 

1064-

2307 

13 0.016 0.000 116  

J COMPUT SYST SCI 0022-

0000 

1486 0.664 0.083 48 >10.0 

J CRYPTOL 0933-

2790 

380 1.697 0.105 19 8.5 
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J EXP THEOR ARTIF 

IN 

0952-

813X 

75 0.125 0.000 30  

J HEURISTICS 1381-

1231 

80 0.650 0.077 26  

J HIGH SPEED 

NETW 

0926-

6801 

80 0.686 0.000 4  

J INF SCI ENG 1016-

2364 

11 0.096 0.000 48  

J INF STOR PROC 

SYST 

1099-

8047 

10 0.263 0.000 25  

J INFORM SCI 0165-

5515 

238 0.473 0.200 20 6.5 

J INFORM 

TECHNOL 

0268-

3962 

155 0.382 0.130 23 5.3 

J INTELL FUZZY 

SYST 

1064-

1246 

43 0.031 0.000 30  

J INTELL INF SYST 0925-

9902 

64 0.575 0.000 24  

J INTELL MANUF 0956-

5515 

146 0.265 0.000 41 4.8 

J INTELL ROBOT 

SYST 

0921-

0296 

94 0.083 0.000 58  

J LOGIC COMPUT 0955-

792X 

304 0.822 0.000 33 6.2 

J LOGIC PROGRAM 0743-

1066 

753 1.319 0.242 33 6.6 

J MATH IMAGING 

VIS 

0924-

9907 

170 0.492 0.115 26 6.1 

J MOL GRAPH 

MODEL 

1093-

3263 

1610 1.407 0.118 51 5.3 

J MOL MODEL 0948-

5023 

200 1.183 0.232 56 3.1 

J NETW COMPUT 

APPL 

1084-

8045 

22 0.206 0.000 24  

J NEW MUSIC RES 0929-

8215 

51 0.450 0.200 10  

J OBJECT-ORIENT 

PROG 

0896-

8438 

220 0.336 99.999 0 6.3 

J PARALLEL DISTR 

COM 

0743-

7315 

910 0.603 0.045 67 6.2 

J PROGRAM LANG 0963-

9306 

29 0.000 99.999 0  

J SOFTW MAINT-

RES PR 

1040-

550X 

88 0.378 0.154 13  

J STRATEGIC INF 

SYST 

0963-

8687 

91 0.256 0.143 7  
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J SUPERCOMPUT 0920-

8542 

138 0.267 0.024 42 7.2 

J SYMB COMPUT 0747-

7171 

771 0.893 0.198 86 6.8 

J SYST ARCHITECT 1383-

7621 

50 0.210 0.022 91  

J SYST SOFTWARE 0164-

1212 

391 0.492 0.062 113 5.8 

J VIS COMMUN 

IMAGE R 

1047-

3203 

241 0.750 0.042 24 4.8 

J VISUAL COMP 

ANIMAT 

1049-

8907 

84 0.424 0.000 22  

J VISUAL LANG 

COMPUT 

1045-

926X 

125 0.536 0.000 30 4.3 

J VLSI SIG PROC 

SYST 

0922-

5773 

178 0.327 0.074 54 4.8 

JOOP 1097-

1408 

26  0.600 20  

KNOWL ENG REV 0269-

8889 

244 1.025 1.000 12 5.0 

KNOWL-BASED 

SYST 

0950-

7051 

158 0.375 0.020 50 5.5 

KYBERNETES 0368-

492X 

104 0.195 0.040 75 6.0 

KYBERNETIKA 0023-

5954 

140 0.178 0.079 38 >10.0 

LECT NOTES ARTIF 

INT 

0302-

9743 

1173 0.253 0.022 323 3.8 

LECT NOTES 

COMPUT SC 

0302-

9743 

10723 0.390 0.071 1025 5.1 

LECT NOTES 

CONTR INF 

0170-

8643 

519 0.245 0.024 82 9.5 

LIBR SOFTWARE 

REV 

0742-

5759 

14 0.200 99.999 0  

M D COMPUT 0724-

6811 

162 0.589 0.023 43 4.8 

MACH LEARN 0885-

6125 

1663 1.447 0.209 43 7.6 

MACH VISION APPL 0932-

8092 

194 0.355 0.029 34 6.4 

MAPLETECH 1061-

5733 

16 0.042 99.999 0  

MATCH-COMMUN 

MATH CO 

0340-

6253 

62 0.097 0.042 24  

MATH COMPUT 

MODEL 

0895-

7177 

724 0.387 0.045 221 5.8 
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MATH COMPUT 

SIMULAT 

0378-

4754 

247 0.272 0.057 123 4.2 

MATH PROGRAM 0025-

5610 

2617 1.268 0.254 67 9.4 

MECHATRONICS 0957-

4158 

133 0.383 0.000 48 4.6 

MED BIOL ENG 

COMPUT 

0140-

0118 

1801 0.996 0.125 104 8.8 

MED INFORM 

INTERNET 

1463-

9238 

261 1.182 0.050 20 4.4 

METHOD INFORM 

MED 

0026-

1270 

607 0.929 0.101 69 6.4 

MICROPROCESS 

MICROSY 

0141-

9331 

90 0.107 0.095 42  

MIND MACH 0924-

6495 

65 0.219 0.000 12  

MIS QUART 0276-

7783 

1532 2.064 0.333 18 8.9 

MODEL IDENT 

CONTROL 

0332-

7353 

79 0.500 0.200 5  

MULTIDIM SYST 

SIGN P 

0923-

6082 

73 0.385 0.062 16  

MULTIMED TOOLS 

APPL 

1380-

7501 

103 0.154 0.056 36 4.4 

MULTIMEDIA SYST 0942-

4962 

271 0.840 0.000 19 4.6 

NETWORK-COMP 

NEURAL 

0954-

898X 

356 0.836 0.000 18 5.4 

NETWORKS 0028-

3045 

771 0.486 0.037 54 >10.0 

NEURAL COMPUT 0899-

7667 

2881 2.702 0.448 125 5.9 

NEURAL COMPUT 

APPL 

0941-

0643 

86 0.309 0.258 31  

NEURAL 

NETWORKS 

0893-

6080 

2481 1.221 0.157 83 7.6 

NEURAL PROCESS 

LETT 

1370-

4621 

114 0.365 0.070 43 3.5 

NEUROCOMPUTING 0925-

2312 

444 0.636 0.068 205 3.7 

NEW GENERAT 

COMPUT 

0288-

3635 

253 0.444 0.074 27 9.4 

OBJECT ORIENTED 

SYST 

0969-

9767 

41 2.000 99.999 0  

ONLINE CDROM 

REV 

1353-

2642 

40 0.206 99.999 0  
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ONLINE INFORM 

REV 

1468-

4527 

2  0.022 45  

OPTIM METHOD 

SOFTW 

1055-

6788 

110 0.700 0.043 23 2.9 

PARALLEL 

COMPUT 

0167-

8191 

723 0.470 0.087 92 6.0 

PATTERN ANAL 

APPL 

1433-

7541 

37 0.755 0.000 28  

PATTERN RECOGN 0031-

3203 

3204 1.077 0.130 162 7.9 

PATTERN RECOGN 

LETT 

0167-

8655 

779 0.346 0.009 113 5.9 

PERFORM 

EVALUATION 

0166-

5316 

420 0.593 0.180 50 6.9 

PHOTONIC NETW 

COMMUN 

1387-

974X 

5 0.182 0.037 27  

PRESENCE-TELEOP 

VIRT 

1054-

7460 

367 1.080 0.171 35 4.0 

PROGRAM COMPUT 

SOFT+ 

0361-

7688 

6 0.012 0.000 45  

PROGRAM-

ELECTRON LIB 

0033-

0337 

79 0.364 0.208 24  

QUEUEING SYST 0257-

0130 

488 0.586 0.122 49 8.1 

RAIRO-INF THEOR 

APPL 

0988-

3754 

104 0.220 0.000 24 9.0 

RANDOM STRUCT 

ALGOR 

1042-

9832 

242 0.568 0.024 42 5.2 

REAL-TIME 

IMAGING 

1077-

2014 

77 0.303 0.029 35  

REAL-TIME SYST 0922-

6443 

207 0.356 0.087 23 6.2 

ROBOT AUTON 

SYST 

0921-

8890 

280 0.415 0.173 75 3.8 

ROBOT CIM-INT 

MANUF 

0736-

5845 

136 0.355 0.025 40 7.2 

SCI COMPUT 

PROGRAM 

0167-

6423 

389 1.113 0.346 26 9.1 

SCIENTOMETRICS 0138-

9130 

710 0.660 0.122 82 6.3 

SIAM J COMPUT 0097-

5397 

2496 0.878 0.139 115 >10.0 

SIMULATION 0037-

5497 

241 0.374 0.050 40 6.9 

SOC SCI COMPUT 

REV 

0894-

4393 

106 0.429 0.059 34 3.9 
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SOFTWARE PRACT 

EXPER 

0038-

0644 

492 0.504 0.108 65 7.1 

SOFTWARE QUAL J 0963-

9314 

35 0.100 99.999 0  

SPEECH COMMUN 0167-

6393 

413 0.552 0.034 59 6.3 

STAT COMPUT 0960-

3174 

271 0.803 0.143 28 4.6 

STRUCT 

MULTIDISCIP O 

1615-

147X 

3  0.017 60  

STRUCT 

OPTIMIZATION 

0934-

4373 

471 0.611 99.999 0 6.1 

T SOC COMPUT 

SIMUL I 

0740-

6797 

27 0.135 0.000 12  

THEOR COMPUT 

SCI 

0304-

3975 

2359 0.417 0.078 307 7.5 

THEOR COMPUT 

SYST 

1432-

4350 

55 0.610 0.000 19  

THEOR PRACT OBJ 

SYST 

1074-

3227 

72 1.000 99.999   

USER MODEL 

USER-ADAP 

0924-

1868 

96 0.389 1.143 7  

VISUAL COMPUT 0178-

2789 

331 0.838 0.088 34 6.9 

VLDB J 1066-

8888 

170 1.037 0.042 24 5.3 

VLSI DES 1065-

514X 

79 0.258 0.095 42  

WIREL NETW 1022-

0038 

173 0.483 0.024 41 4.0 

WIRTSCHAFTSINF 0937-

6429 

93 0.183 0.048 63  
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APPENDIX E: XML RELATED WEB STANDARDS OR SPECIFICATIONS 
 

 

 

 

Standards/specifications Editors Editors of other versions Year 

W3C recommendations: 

Extensible Stylesheet Language (XSL) 
Version 1.0 

 

S. Adler, A. Berglund, J. Caruso, S. 
Deach, T. Graham, P. Grosso, E. 
Gutentag, A. Milowski, S. Parnell, J. 
Richman, S. Zilles 

 15 Oct. 2001 

XML Linking Language (XLink) 
Version 1.0  

S. DeRose, E. Maler, D. Orchard T. Bray, B. Trafford 27 June 2001 

XML Schema Part 0: Primer D. C. Fallside  2 May 2001 

XML Schema Part 1: Structures H. S. Thompson, D. Beech, M. Maloney, 
N. Mendelsohn 

 2 May 2001 

XML Schema Part 2: Datatypes  P. V. Biron, A. Malhotra  2 May 2001 

Document Object Model (DOM) Level 2 
Core Specification 

A. Le Hors, P. Le Hégaret, L. Wood, G. 
Nicol, J. Robie, M. Champion, S. Byrne 

M. Davis; V. Apparao, L. Cable, J. 
Kesselman, T. Pixley, P. Sharpe, C. 
Wilson 

13 Nov. 2000 

Document Object Model (DOM) Level 2 
Events Specification 

T. Pixley  13 Nov. 2000 

Document Object Model (DOM) Level 2 
Style Specification 

V. Apparao, P. Le Hégaret, C. Wilson L. Wood, A. Le Hors, P. Le Hégaret, 
J. Robie, M. Champion, S. Byrne 

13 Nov. 2000 

Document Object Model (DOM) Level 2 
Traversal and Range Specification 

V. Apparao, M. Champion, J. Kesselman, 
J. Robie, P. Sharpe, L. Wood 

L. Wood, A. Le Hors, P. Le Hégaret, 
J. Robie, M. Champion, S. Byrne 

13 Nov. 2000 

http://www.w3.org/TR/xsl/
http://www.w3.org/TR/xsl/
http://www.w3.org/TR/xlink/
http://www.w3.org/TR/xlink/
http://www.w3.org/TR/xmlschema-0/
http://www.w3.org/TR/xmlschema-1/
http://www.w3.org/TR/xmlschema-2/
http://www.w3.org/TR/DOM-Level-2-Core/
http://www.w3.org/TR/DOM-Level-2-Core/
http://www.w3.org/TR/DOM-Level-2-Events/
http://www.w3.org/TR/DOM-Level-2-Events/
http://www.w3.org/TR/DOM-Level-2-Style/
http://www.w3.org/TR/DOM-Level-2-Style/
http://www.w3.org/TR/DOM-Level-2-Traversal-Range/
http://www.w3.org/TR/DOM-Level-2-Traversal-Range/
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Document Object Model (DOM) Level 2 
Views Specification 

L. Cable, A. Le Hors L. Wood, A. Le Hors, P. Le Hégaret, 
J. Robie, M. Champion, S. Byrne 

13 Nov. 2000 

HTML 4.01 Specification D. Raggett, A. Le Hors, I. Jacobs  24 Dec. 1999 

XML Path Language (XPath) Version 1.0 J. Clark, S. DeRose  16 Nov. 1999 

XSL Transformations (XSLT) Version 1.0 J. Clark  16 Nov. 1999 

Associating Style Sheets with XML 
documents 

J. Clark  29 June 1999 

Resource Description Framework (RDF) 
Model and Syntax Specification 

O. Lassila, R. R. Swick  22 Feb. 1999 

Resource Description Framework (RDF) 
Schema    Specification 1.0    

D. Brickley and R.V. Guha 

 

 Mar. 2000 

Namespaces in XML T. Bray, D. Hollander, A. Layman  14 Jan. 1999 

Document Object Model (DOM) Level 1 V. Apparao, S. Byrne, M. Champion, S. 
Isaacs, I. Jacobs, A. Le Hors, G. Nicol, J. 
Robie, R. Sutor, C. Wilson, L. Wood 

L. Wood and et al (2
nd

 Edition, 2000) 1 Oct. 1998 

Cascading Style Sheets, level 2 (CSS2) 
Specification 

B. Bos, H. W. Lie, C. Lilley, I. Jacobs  12 May 1998 

Extensible Markup Language (XML) 1.0 
(Second Edition) 

T. Bray, J. Paoli, C. M. Sperberg-
McQueen, E. Maler 

 
First 
published 10 
Feb. 1998, 
revised 6 
Oct. 2000 

HTML 3.2 Reference Specification D. Raggett  
14 Jan. 1997 

Cascading Style Sheets (CSS1) Level 1 
Specification 

H. W. Lie, B. Bos  
First 
published 17 
Dec. 1996, 
revised 11 
Jan. 1999 

Proposed recommendations: 

XPointer element() Scheme P. Grosso, E. Maler, J. Marsh, N. Walsh S. DeRose, E. Maler, R. Daniel Jr. 13 Nov. 2002 

XPointer Framework P. Grosso, E. Maler, J. Marsh, N. Walsh S. DeRose, E. Maler, R. Daniel Jr. 13 Nov. 2002 

http://www.w3.org/TR/DOM-Level-2-Views
http://www.w3.org/TR/DOM-Level-2-Views
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Authors Title Year Author affiliation Source 

A. Ohori 
 

A Polymorphic Record Calculus and Its 
Compilation 1995

Kyoto Univ,Math Sci Res Inst,Sakyo 
Ku,Kyoto 60601,Japan 

ACM TRANSACTIONS ON 
PROGRAMMING LANGUAGES AND 
SYSTEMS, Vol 17, no 6, p. 844 

M. Fernandez, 
J. Simeon, P. Wadler An algebra for XML query 2000

Bell Labs, Lucent Technol, Murray Hill, 
NJ USA 

THEORETICAL COMPUTER 
SCIENCE, PROCEEDINGS, Vol 1974 

A. Gupta, C. Baru 
An extensible information model for 
shared scientific data collections 1999

Univ Calif San Diego, San Diego 
Supercomp Ctr, 9500 Gilman Dr,Bldg 
109, La Jolla, CA 92093 USA 

FUTURE GENERATION COMPUTER 
SYSTEMS, Vol 16, no 1, p. 9 

H. Meuss, K. U. Schulz 

Complete answer aggregates for tree-like 
databases: A novel approach to combine 
querying and navigation 2001

Univ Munich, Ctr Informat & Language 
Proc, Oettingenstr 67, D-80538 Munich, 
Germany 

ACM TRANSACTIONS ON 
INFORMATION SYSTEMS, Vol 19, no 
2, p. 161 

E. Damiani, S. D. 
Divimercati, P. Samarati, 
S. Paraboschi 

Design and implementation of an access 
control processor for XML documents 2000

Univ Brescia, Dipartimento Elettron 
Automaz, Via Branze 38, I-25123 
Brescia, Italy 

TELECOMMUNICATIONS 
NETWORKING, Vol 33, no 1-6, p. 59 

R. Schweiger,  
T. Buerkle,  
S. Hoelzer, J. Dudeck 

Management of clinical XML documents - 
A pragmatic approach 2000

Univ Giessen, Dept Med Informat, D-
35392 Giessen, Germany 

JOURNAL OF THE AMERICAN 
MEDICAL INFORMATICS 
ASSOCIATION 

H. V. Jagadish 
O. Kapitskaia, R. T. Ng, 
D. Srivastava 

One-dimensional and multi-dimensional 
substring selectivityestimation 2000

Univ Michigan, Ann Arbor, MI 48109 
USA VLDB JOURNAL, Vol 9, no 3, p. 214 

H. Hosoya 
B. Pierce 

Regular expression pattern matching for 
XML 2001

Univ Penn, Dept Comp & Informat Sci, 
200 S 33rd St, Philadelphia, PA 19104 
USA 

ACM SIGPLAN NOTICES, Vol 36, no 3, 
p. 67 
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M. Fernandez 
W. C. Tan 
D. Suciu 

SilkRoute: trading between relations and 
XML 2000

AT&T Labs Res, 180 Pk Ave, Florham 
Park, NJ 07932 USA 

TELECOMMUNICATIONS 
NETWORKING, Vol 33, no 1-6, p. 723 

M. R. Jensen, T. H. 
Moller, T. B. Pedersen Specifying OLAP cubes on XML data 2001

Univ Aalborg, Dept Comp Sci, Fr Bajers 
Vej 7E, DK-9220 Aalborg O, Denmark 

JOURNAL OF INTELLIGENT 
INFORMATION SYSTEMS, Vol 17, no 
2-3, p. 255 

O. Liechti, M. J. Sifer,  
T. Ichikawa 

Structured graph format: XML metadata 
for describing Web sitestructure 1998

Hiroshima Univ, ISL, 1-4-1 Jakaniyama, 
Higashihiroshima 739, Japan 

COMPUTER NETWORKS AND ISDN 
SYSTEMS, Vol 30, no 1-7, p. 11 

G. M. Kuper, J. Simeon Subsumption for XML types 2001
Bell Labs, 600 Mt Ave, Murray Hill, NJ 
07974 USA 

DATABASE THEORY - ICDT 2001, 
PROCEEDINGS, Vol 1973 

R. Gilmour 
 

Taxonomic markup language: applying 
XML to systematic data 2000

SUNY Albany, Sci Lib, Albany, NY 
12222 USA BIOINFORMATICS, Vol 16, no 4, p. 406 

D. Draper, A. Y. Halevy, 
D. S. Weld The nimble integration Engine(tm) 2001

Nimble Technol Inc, 1938 Fairview Ave 
E, Seattle, WA 98102 USA SIGMOD RECORD, Vol 30, no 2, p. 567

S. Decker, S. Melnik 
F. Van harmelen, D. 
Fensel, M. Klein 

The semantic Web: The roles of XML and 
RDF 2000 Stanford Univ, Stanford, CA 94305 USA

IEEE INTERNET COMPUTING, Vol 4, 
no 5, p. 63 

C. Barras, E. Geoffrois, 
Z. B. Wu, M. Liberman 

Transcriber: Development and use of a 
tool for assisting speechcorpora 
production 2001

LIMSI, Spoken Language Proc Grp, 
CNRS, BP 133, F-91403 Orsay, France

SPEECH COMMUNICATION, Vol 33, 
no 1-2, p. 5 

S. Ceri, P. Fraternali, 
A. Bongio 

Web Modeling Language (WebML): a 
modeling language fordesigning Web 
sites 2000

Politecn Milan, Dipartimento Elettr & 
Informat, Piazza Leonardo da Vinci 32, 
I-20133 Milan, Italy 

TELECOMMUNICATIONS 
NETWORKING, Vol 33, no 1-6, p. 137 

Y. Kanada 
 

Web pages that reproduce themselves by 
JavaScript 1997

Hitachi Ltd, Cent Res Lab, 1-280 
Higashi Koigakubo, Kokubunji, Tokyo 
185, Japan 

ACM SIGPLAN NOTICES, Vol 32, no 
11, p. 49 

S. Ceri, S. Comai, 
E. Damiani, P. Fraternali, 
S. Paraboschi 

XML-GL: a graphical language for 
querying and restructuring 
XMLdocuments 1999

Politecn Milan, Dipartimento Elettron & 
Informazione, Piazza Leonardo da Vinci 
32, I-20133 Milan, Italy 

TELECOMMUNICATIONS 
NETWORKING, Vol 31, no 11-16, p. 
1171 

G. Shegalov, M. 
Gillmann, 
G. Weikum 

XML-enabled workflow management for 
e-services acrossheterogeneous 
platforms 2001

Univ Saarland, Dept Comp Sci, POB 
151150, D-66041 Saarbrucken, 
Germany VLDB JOURNAL, Vol 10, no 1, p. 91 

L. Seligman,  
A. Rosenthal 

XML's impact on databases and data 
sharing 2001 Mitre Corp, Bedford, MA 01730 USA COMPUTER, Vol 34, no 6, p. 59 

S. Ceri, P. Fraternali, 
S. Paraboschi 

XML: Current developments and future 
challenges for thedatabase community 2000

Politecn Milan, Dipartimento Elettron & 
Informat, Piazza Leonardo Vinci 32, I-
20133 Milan, Italy 

ADVANCES IN DATABSE 
TECHNOLOGY-EDBT 2000, 
PROCEEDINGS, Vol 1777 
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H. Liefke, D. Suciu 
XMill: an efficient compressor for XML 
data 2000

Univ Penn, Philadelphia, PA 19104 
USA SIGMOD RECORD, Vol 29, no 2, p. 153

P. Buneman,  
M. Fernandez, 
D. Suciu 

UnQL: a query language and algebra for 
semistructured databased on structural 
recursion 2000

Univ Penn, Philadelphia, PA 19104 
USA VLDB JOURNAL, Vol 9, no 1, p. 76 

D. Lee, 
W. W. Chu 

CPI: Constraints-preserving inlining 
algorithm for mapping XMLDTD to 
relational schema 2001

Univ Calif Los Angeles, Dept Comp Sci, 
Los Angeles, CA 90095 USA 

DATA & KNOWLEDGE 
ENGINEERING, Vol 39, no 1, p. 3 

C. Nentwich, W. 
Emmerich, A. Finkelstein, 
A. Zisman BOX: Browsing objects in XML 2000

Univ Coll London, Dept Comp Sci, 
Gower St, London WC1E 6BT, England

SOFTWARE-PRACTICE & 
EXPERIENCE, Vol 30, no 15, p. 1661 
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APPENDIX G: CHARACTERISTICS OF TOP RANKED AUTHORS  

BY NUMBER OF PUBLICATIONS 
 

 

 
 

Age 
Nation-
ality 

Publishing 
history 

 
Last name 

Birth Ph.d.  

 
Topic 

y1
st

  # p 

 
W3C 

 
Affiliation 

 
Collaboration 

Highly visible on both media 

Dan Suciu 

  A Semi-structured databases and XML 93 79 coauthor 

with 
U 17; 19; Penn with Buneman, 

Davidson, Fernandez, Libkin; 

strudel; silkroute; stored; xmltk 

J. Simeon 

 99 A XML Standards (Query, Schema); XML 

Storage; Semantic Web; Data Integration;  

E-Commerce; Object-Oriented Databases 

97 19 Xquery 

and Xpath 
R Bell lab 

Lucent 

Technologies 

0;5; On Xquery and Xpath with Mary 

Fernandez, and Phil Wadler. 

Angela Bonifati 

 02 E,  

France 

XML query languages; Active technology 
applied to XML;  Web services;  

XML data compression 

98 10 None R INRIA-

Rocquencourt, 

Project Verso. 

1;1; Italian group (phd at Ceri�s 
depart & university); Ceri as advisor; 

Alphabetic order of authors 

Dongwon Lee 

 02 A Conversion between XML and relational 

data models; XML Data Models and 

Schema/Query Languages; Web Analysis, 
Web Search, Semantic Web, Metadata; 

Information Retrieval, Digital Library, 

Citation Analysis, Bibliometrics 

98 20 None  U Penn 1; 8; Phd from UCLA;  ms from 

Columbia U; faculty at Penn state; 

AT&T Bell Labs (95-97); papers all 
online 

Stefano Ceri 

  E, Italy  Extending database technology to 
incorporate data distribution; deductive and 

active rules; and object-orientation; design 

methods for data-intensive websites 

79 147 None U  
Politecnico di 

Milano 

6;26 
with Widom & Italian group; visiting 

prof at Stanford (83-90) 

Daniela Florescu 

  E, 

France 

Static query optimization; Data-Intensive 

Web site management; XML data querying 

& storage; Data cleaning 

95 48 coauthor 

with 
R INRIA -

Rocquencourt, 

Project Verso. 

0; 0; Strudel; Levy, Suciu, 

Fernandez, Kossmann 
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M. F. Fernandez 

  A Improving software development through 

the design of very high-level and special-
purpose languages and the development of 

tools for their efficient implementation. 

89 29 XQuery, 

Xpath 
R  
Bell labs 

1;6; Galax is an imple of Xquery; 

silkroute; XML-QL; Strudel 

Elena Ferrari 

 98 E, Italy Database security, multimedia databases and 
temporal object-oriented data models, access 

control of the Web and XML documents 

96 59 None U of Milano 

Università di 
Milano 

0;10; Italy, student and then assistant 
prof. No coauthorship with the group, 

coauthor with Bertino a lot 

Letizia Tanca 

 88 E, Italy  Database theory, especially on deductive, 

active and object oriented databases, graph-
based languages for databases, and the 

semantics of advanced database and 

information systems; representation and 
querying of semistructured information, 

particularly information on the Web 

87 57 None U  Politecnico 

di Milano 
0;10; Italian group. Full prof. Work 

with Ceri on books&papers, with 
Suciu on journal. Coauthor with 

Stefano Ceri, Sara Comai, Ernesto 

Damiani, Piero Fraternali, Stefano 
Paraboschi 

Ernesto Damiani 

 93  E, Italy  Distributed O-O Development and 

Execution Environments, Semi-structured 
Information, Querying and Processing 

Network-oriented software engineering Soft 

Computing; access control for XML docs 

95 44 None U of Milan 0;6; Italian group with Tanca, Comai, 

etc. 
Fine project 

S. Paraboschi 

  E, Italy  The Fine-Grained XML Access Control is a 

combined project of the Security Group of 

Università di Milano and Politecnico di 
Milano. The project aims at defining and 

implementing an access control model for 

regulating access to XML documents and 
XML-based services. The proposed 

approach exploits XML's own capabilities to 

define an XML markup describing the 
protection requirements of XML documents. 

92 51 None U full prof. 
Politecnico di 

Milano 

0; 3; Italian group; same dept as Ceri 

 

Fine project with Damiani 

P. Fraternali 

 93 E  E-commerce and Web Application 

Development, Object Oriented and Rule-
Based Development, Active rules: 

Semantics and Implementation 

89 48 None U Politecnico di 

Milano 
2;9; Italian group, coauthor with 

everyone in the group 

P. Wadler 

 82 A  

 

XML, java, functional languages, Logic and 

programming 
76 58 Xquery, 

XSL 
R& I Avaya 

Labs before: 
Bell Labs, 

Lucent 

Technologies 

29; 11; Galax with Simeon, 

Fernandez 
Know Buneman, Piece (java);  

Post doc at Oxfort 

Highly visible in SCI 

H. S. Rzepa 
 90 E uk CML; computational chemistry   CML U Depart. 

Chemistry 
A good homepage 

P. Murray-rust 

  E uk Molecular informatics: particitate in virtual 

community sharing molecular resources; 
devel use of chemical MIME for the 

electronic transmission of molecular info; 

virtual resources; xml browser; chemical 
markup language; bioinformatics 

  co-manage 

the xml 
developer�

s mailing 

list 

U director 

virtual sch of 

molecular 
sciences at u of 

Nottingham 

No homepage 
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G. V. Gkoutos 

76 02 E uk  

from 
Greece 

Chemo/Bioinformatics Internet 
Resource Discovery; Application of XML 
Languages for Integrating Molecular 
Resources; representation of Chemical 
Data on the web 

99 21 coauthor U Imperial 

College, 
student 

1:4; Advisor: H. S. Rzepa; 
coauthor with Rzepa and Rust 

R. H. Dolin 

 86  
M.D. 

Uof 

Californi
a, Irvine  

A  Patient record exchange; 

Standards 
82 38 coauthor 

standard 

work 

U Assistant 

Clinical 

Professor of 

Medicine, 
UCLA 

Department of 

Medicine 

16;2 

A. Hunter 

 92 
Imperial 

College 

Eng  Knowledge representation and reasoning 

which is a branch of artificial intelligence 

(Anthony Hunter) 

91 72 None U  

M. Rezayat          

P. T. Wood 

 89 UK Graph-based data models and queries  

Visual query languages; Query optimisation 
in deductive databases; Querying object-

oriented databases; Implementation of logic 

programming languages 

82 29 None  U 10; 12; with A. O. Mendelzon; Phd 

from Uof Toronto 

S. J. Derose 

 89 
Brown U 

A  Document markup, especially XML and 

related standards; Digital libraries, Natural-

language parsing, Hypertext literature-
management systems, Statistical analysis of 

large natural-language databases 

87 10 xml, xlink 

xsl, dom 
I&R 
Brown�s STG, 

Inso 

Corporation, 
Electronic 

Publishing 

Systems, 
Electronic Book 

Tech, Inc. 

(Cofounder) 

5; 3; With XML related WGs 

through XML or xlink; with SGML 

related standards 

W. Weitz 
  E, G? Workflow Modeling for Internet-Based 

Commerce 
95 4   3; 1;  

A. Kristensen   dk XML Forms Language 95 3  U 2; 1; 

J. Hunter 

 94 Australia Multimedia Metadata Models/Ontologies, 

Standards and Schemas; RDF and XML 
schemas; Indexing, Search, Browse, 

Retrieval and Filtering tools for Multimedia; 

Metadata Interoperability 

98 41 (10 

in dblp)

None  R DSTC 

I From CITEC 
1;6; PhD from Cambridge; 

Distributed Systems Technology 
Centre (DSTC);  

J. Dudeck 

  Germany Decision support for medical informatics; 
XML applications in healthcare and as 

interchange format in messaging 

80 6 None  R prof. 2;1; Information Scientist in 

Medicine at Institute for Medical 

Informatics; chair of the HL7 user 

group in Germany  
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E. Bertino 

  Italy Object-oriented databases, distributed 

databases, deductive databases, multimedia 
databases, interoperability of heterogeneous 

systems, integration of artificial intelligence 

and database techniques, database security 

81 224 None  U full prof. DSI - Dipartimento di Scienze 

dell'Informazione, University of 
Milan (Italy); visiting IBM Almaden, 

MCC in Austin, Rutgers University 

in Newark, Purdue University 

Highly visible in ResearchIndex 

Wenfei Fan 
 99 A Databases; Semi-structured data; XML;  

E-Commerce; Logic and computation 
97 15 coau U (Temple U.)  

R (Bell Labs 

0; 0; Penn group (phd at) 

D. Fensel 

  Austria  the Semantic Web: Ontology-Driven 

Knowledge Management; Next Web 
generation; Ontology-based information 

exchange for knowledge management and 

electronic commerce 

91 64 Semantic 

Web 
U  8; 18; University of Innsbruck 

Serge Abiteboul 

 82 E, 
France 

 

Databases, data & web, change control, 

database theory, 

 
 

1983 138 coau R (INRIA-

Rocquencourt  

U (Ecole 

Polytechnique) 

11; 52; Stanford; 52 most from 

early with Hull, Vianu; visiting & 

phd at Stanford  
Co-founder of the Xyleme start-up 

Consultant for NASA 

M. Murata 

  Japan Extended Path Expressions for XML; DTD 

Transformation by Patterns and Contextual 
Conditions 

96 4   3;1; 

Harold Boley 

  Germany XML Technology (XML, RDF, and the 

Semantic Web; rule markup); Graph 
Generalization and Processing; Functional-

Logic Programming: Springer Book  

Knowledge Sharing and Integration  
Functional-Logic and OOP Applications 

77 23 None  R  18; 1; German Research Center 

for Artificial Intelligence; visiting 
Stanford Jan-Dec, 99;  

Mark Huckvale 
 84 UK Speech Sciences, Phonetics & Linguistics; 

Spoken Word Recognition;  
98 19 None  U College London 5; 6; University of London 

Amarnath Gupta 

 94 US 
From India 

Heterogeneous information integration, 
scientific and multimedia data modeling, 

and spatiotemporal data management; 

content-based query systems 

91 33 None  R SDSC 0; 5; University of California San 
Diego () phd from Jadavpur 

University, India 

Victor Vianu 

  A  Theory of query and update languages  

querying heterogeneous, distributed, semi-

structured data; databases and the Web;  
active databases; workflows and electronic 

commerce; spatial databases 

77 83 None  U  12; 46; 34 with Abiteboul, 5 with 

Suciu 

Wolfgang 
Emmerich 

  Uk  Managing compliance to software and 

systems engineering standards, non-
functional requirements and software 

architecture and distributed software 
engineering environments 

92 32 None  U College London 4; 5; phd from University of 

Paderborn, Germany 

L. Libkin 

 94 A  
from 

Russia 

Databases: query languages, constraint 

databases, incremental recomputation, 

integrity constraints, etc.  
Logic in computer science, finite model 

theory.  

Programming semantics, lattice theory 

87 98 None  U  
U Toronto 

29; 41; Penn group with Fan 
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L. Fegaras 

 93 A Databases (query processing and 

optimization, database programming 
languages, object-oriented databases, 

database physical design);   

Programming Languages (functional 
programming, formal semantics, program 

transformation, partial evaluation, type 

theory) 

89 22 None  U  7; 8; associate prof. At University 

of Texas at Arlington; Ph.D. from 
University of Massachusetts at 

Amherst; collaborate with Dave 

Maier 

T. Schlieder 
  Germany  Similarity Search in XML Data 00 5 None  U  3; 2; Graduate school of distribute 

info systems 

W. van der Aalst 

66 92 E nl  Information systems, workflow 

management, Petri nets, specification 
languages, and simulation 

92 32 None  U full prof 8; 13; 
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BY NUMBER OF CITATIONS 
 

 

 

 

Age 
(year of) 

Publishing 
history 

 
Last name 

(Rank in RI, Rank in SCI) 

#c 

Birth Ph.d. 

 
Natio-
nality 

 
Topic 

y1
st
  # p 

 
W3C 

 
Affiliation 

 
Collaboration 

Highly visible in both media 

S. Abiteboul (1, 1) 

  82 France 

 

Databases, data & web, change control, 

database theory 

 

83 138 coauthor R INRIA-

Rocquencourt 

U Ecole 
Polytechnique 

8; 26; Stanford; 26 most 

before 1996 with Hull, 

Vianu; visiting& phd at 
Stanford; Co-founder of 

the Xyleme start-up;  

Consultant for NASA 

P. Buneman (2, 3.5)    US  Databases and logic and computation 77 67 coauthor U Penn 2; 6; Penn group 

A. Deutsch (3, 3.5) 

  02 US  

Studied in 

Germany, 
from 

Romania 

Design, implementation and optimization 

properties of query languages;  

semistructured and XML data;  
rewriting queries using views and integrity 

constraints; data security;  

adaptive distributed query optimization 

95 11 coauthor U of ca, San 

Diego (prof) 
0; 2; Penn group (phd 

at) 

STORED, xml-ql at 

AT&T as intern 

T. Bray (4, 2) 

 55 81 BS Canada  
Wrote about RDF, XSL 

chair of the XML activity 

92 6 xml, 
Namespac

es in 

XML 

I CEO or 

equivalent  

Co-founder of 

XML.com 

3; 1; 

J. Clark (5, 5) 

 64  UK Writing open source software including for 
sgml/xml 

87  DSSSL, 
xml, xslt, 

xpath 

I Thai Open 

Source 

Software 

Center 

TREX, RELAX, SGML 

R. Goldman (6, 8.5) 

  00 US  Query and Search in Semistructured 
Databases 

96 12 None   0; 5 (all with advisor 
Widom); Stanford 

group; Lore; 
DataGuides 
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M. F. Fernandez (7, 
6) 

   US  Improving software development through 

the design of very high-level and special-
purpose languages and the development of 

tools for their efficient implementation. 

89 29 XQuery, 

Xpath 
R  
ATT Labs 

1; 6; Galax is an imple 

of Xquery; silkroute; 
XML-QL; strudel 

D. Florescu (8, 10) 

   France Static query optimization; Data-Intensive 
Web site management; XML data querying 

& storage; Data cleaning 

95 48 coauthor  R Inria-

Rocquencourt, 

Project Verso. 

0; 0; Strudel; 22Levy, 
17Suciu, 11Fernandez, 

Kossmann; Quilt with 

Robie and Cham 

Stefano Ceri (9, 13.5) 

   Italy  Extending database technology to 
incorporate data distribution, deductive and 

active rules, and object-orientation ,design 

methods for data-intensive WEB sites 

79 147 None  U  
Politecnico di 

Milano 

6;26; with Widom& 
Italian group; visit prof 

at Stanford (83-90) 

J. 
Shanmugasundaram 
(10, 18) 

   US  Internet data management, information 

retrieval and query processing in emerging 

system architectures 

97 15 None  U Connell 0;0; Cornell U database 

group with D. Kifer; 

The Niagara Internet 
Query System 

(Shanmugasundaram, 

K. Tufte, C. Zhang, G. 
He, D. J. DeWitt, J. F. 

Naughton:) 

J. Robie (11, 7) 

   US  XML databases, query languages, schema 
languages, schema 

language extensibility, and programming 

interfaces 

98 6 xml query 
language, 

xml 

schema, 
DOM 

R&I  
Software AG 

0; 1; Quilt with 
Chamberlin  and 

Florescu (precursor of 

XQuery); XQL with J 
Lapp (precursor of 

XPath) 
*J. McHugh (12, 
23.5) 

  00 US  Query processing Query Optimization for 

semi-structured data 
96 15 None  I  

There 
0; 5; Student at 

Stanford; Lore 

Y. Papakonstantinou 
(13, 8.5) 

  97  

 

US  
from 

Athens 

Integrating heterogeneous data (for which 
the NSF CAREER award); Mediator 

systems; Ranked Queries and Keyword 

Queries; Semi-structured data and XML 

  None  U of ca, San 

Diego 

I cofounder of 

Enosys softwar, 

inc. 

phd at Stanford before 
97 

Enosys Software, Inc, : 

XML-based data 
integration platform 

Grants with C. Baru 

S. Cluet (14.5, 11.5) 

  91 France Query languages and Optimization in 

general, optimization of XML queries in 
particular; Databases and the Web in 

general, integration of heterogeneous data 

in particular; Cooperative applications in 
general, electronic commerce in particular 

89 41 None  R 
Inria-
Rocquencourt, 

Project Verso. 
director 

5; 7; With Milo, 

Simeon, Abiteboul, 
Mignet, Hull, Vianu, 

Suciu 

*H. Thompson (14.5, 
39) 

   Scotland Computational Linguistics, Data-Intensive 

Linguistics, Language Corpora and Corpus 
Management (including SGML, XML, XSL 

and DSSSL); Developing XML standards 

and XML-related tools 

91 ? SGML, 

xsl, xml 
schema 

R U of 

Edinburgh 
 

S. S. Chawathe (16, 
23.5) 

  99 

 

US  

From 

India 

Semi-structured, heterogeneous, and 

autonomous databases. Topics of interest 

include data integration; data warehousing; 
data mining; data visualization and � 

96 18 None  U Maryland 4; 3; phd at Stanford  
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*M. Murata (17, 35.5) 

   Japan Extended Path Expressions for XML; DTD 

Transformation by Patterns and Contextual 
Conditions 

96 4   3;1; 

D. D. Chamberlin (18, 
17) 

   US Database languages and systems, and on 

document processing. These two are 
converging due to the web and xml 

73 38 xml query 

language 
R&D ibm 

Almaden; U 

Santa Clara U 

3; 2; Quilt with Robie 

and Florescu, base of 
xquery; phd at Stanford; 

designed sql 

S. DeRose (19.5, 
15.5) 

  89 
Brown 
U 

US  Document markup, especially XML and 

related standards; Digital libraries, Natural-
language parsing, Hypertext literature-

management systems, Statistical analysis of 

large natural-language databases 

87 10 xml, xlink 

xsl, dom 
I&R 
Brown�s STG, 
Inso 

Corporation, 

Electronic 
Publishing 

Systems, 

Electronic 
Book Tech, Inc. 

(Cofou) 

5; 3; With XML related 

WGs through XML or 
xlink; with SGML 

related standards 

R. G. G. Cattell (19.5, 
27.5) 

  78 

 

US  Middleware and database systems --- 

particularly enterprise Java, object-oriented 
databases, object/relational mappings, and 

database user interfaces. 

78 31/13 None  R&D 

Sun 
Microsystems 

engineer 

11; 5; most are books 

phd from Carnegie-
Mellon U. 
 

Tova Milo (21.5, 19) 

   Isreal Databases, data integration, semi-structured 
data, electronic documents, web 

applications, e-commerce, database 

languages, object-oriented databases, data 
models 

91 51 None  U  0;21; 13 with Abiteboul, 
11 with Cluet, 10 with 

Beeri; visit Franch 

group 

C. Beeri (21.5, 30.5) 

  75  Isreal Advanced transaction models, schemas and 

query languages for semi-structured data 
(e.g. For XMIL)  

74 85/50 None  U The Hebrew 

University of 

Jerusalem 

6;14; with Milo, phd 

from The Hebrew U      

H. Hosoya (24.5, 
20.5) 

   Japan 

US 

visiting 
scholar 

Functional and object-oriented 

programming, type systems, concurrency, 

and implementation techniques 

95 8 None  U student 0;4; Penn group 

(visiting scholar, 

Advisor: Benjamin C. 

Pierce) 

P. Wadler (24.5, 
23.5) 

  82 US  
Post doc 

at Oxfort 

XML, java, functional languages, Logic and 
programming 

76 58 Xquery, 

XSL 

R& I Avaya 

Labs befor: 

Bell Labs, 

Lucent 
Technologies 

29; 11; Galax with 
Simeon, Fernandez 

Know Buneman, Piece 

(java) 

V. Christophides 
(24.5, 27.5) 

  96 Greece 

Phd in 

France 

Object Database Management Systems; 

Electronic Documents Management 

Systems; Wide-Area Information 
Integration Systems; 

Managing RDF Metadata; Querying 
Heterogeneous Semi-Structured Data 

93 22 None  R 0; 1; In projects C-web 

and Aquarelle at Inria-

Rocquencourt 
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*O. Lassila (24.5, 
35.5) 

    Knowledge representation and the 

"Semantic Web", with some 
applications to ubiquitous computing 

("Semantic Gadgets") 

 

89 7 WebOnt, 

RDF core; 
W3C 

Advisory 

Board 

R&D (Nokia 

Research 
Center) 

2; 2;  
author of NRC's RDF 
toolkit 

E. Maler (27, 26) 

   US xlink, xpointer 00 1 xlink, 
xpointer 

I Sun co-chair of the W3C's 
XML Linking working 

group 

*T. Berners-Lee (29, 
11.5) 

   US 

graduate 
from 

Oxford 

The Semantic Web; next Web generation 92 5 Coauthor 

with 
 

R 2;0;  

3Com Founders chair at 
MIT; directs W3C 

*J. Widom (29, 43.5) 

  87 
Cornell 
U 

US  Query processing on data streams; data 
caching and replication; combining 

databases and the Web; database systems 

for Semi-structured data and XML; data 
transformations and warehousing; temporal 

database systems 

86 114/7 Coauthor 
with 

U  

Stanford 

19; 36; Lore; colleague 
with 15Garcia-Molina, 

Manning, and 

12Ullman; 12Ceri 
five years at the IBM 

Almaden R Center 

*A. Bonifati (29, 48) 

  02 France XML query languages; Active technology 

applied to XML; Web services; XML data 
compression 

98 10 None  R Inria-

Rocquencourt, 

Project Verso. 

1; 1; Italian group (phd 

at Ceri�s depart & 
university); Ceri as 

advisor; Alphabetic 
order of authors 

*J. Bosak (39, 13.5) 

  64 
started 

college 

US  Organized and led the W3C working group 

that developed XML; Participated in the 

organization of the industry task force that 
became the W3C XSL Working Group 

(1998); Represented Novell (1995-1996) 

and Sun (1996-1999, 2001-present) on 
W3C Advisory Committee and on the 

International  and US national Standards 

Body responsible for SGML, DSSSL, 
HyTime, Topic Maps, and related text 

processing standards  

  Xml, xsl, 

sgml, 

dsssl 

R&D 
Sun engineer 

W3C advisory 
committee 

SGML, DSSSL, 

HyTime, Topic Maps, 

and related text 
processing standards; 

OASIS (formerly 

SGML Open) 

*C. Goldfarb (45.5, 
15.5) 

  69 
already 
at IBM 

US Invented SGML in 74; SGML Handbook; 
XML Handbook; Hypermedia/Time-based 

Structuring Language (HyTime) and led its 

development into International Standard 
10744 

97 1 None  I Director of 

Innodata 
Corporation 

1; an independent 
consultant and speaker; 

a graduate of Harvard 

Law School and 
Columbia College. 

*A. Y. Levy (45.5, 
20.5) 

  88 for 

BS 

US  Database systems and artificial intelligence; 

peer-data management (a natural extension 
of data integration.) and on semi-automatic 

schema and ontology mapping;  

co-founded Nimble Technology, a company 
that builds tools for querying and 

integrating disparate heterogeneous data 

sources 

92 75 None  U washington 

Before 1998: 

R&D  Bell labs 

8;20; Phd at Stanford; 

Studle at Bell; Piazza, 
LDS, Glue, Tukwila, 

MiniCon, Tiramisu at 

UofWashington 
22 with Florescu, 18 

with Suciu and 11 with 

Fernandez 
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*Ling Liu (52, 23.5) 

  94? US  Distributed data intensive systems and in 

particular distributed middleware systems, 
advanced Internet application 

developments, and Internet data 

management; Electronic Commerce, Data 
Mining, Data Warehousing, and workflow 

applications 

89 59/1 None  U Georgia 

Tech 

11;16; Oregon Graduate 

Institute 97-99; 
none of the papers 

available on the web 

Highly visible in SCI 

P. Murrayrust 49 

  UK Molecular informatics: particitate in virtual 
community sharing molecular resources; 

devel use of chemical MIME for the 

electronic transmission of molecular info; 
vertural resources; xml browser; CML 

(chemical markup language); 

bioinformatics 

  co-mana 
the xml 

developer

�s mailing 
list 

U director 

virtual sch of 
molecular 

sciences at u of 

Nottingham 

No homepage 

H. S. Rzepa 32 

 90 UK CML; computational chemistry    U depart. 

Chemistry, 

Imperial 
College 

A good homepage 

R. H. Dolin 24 

 86  US  Patient record exchange; 
Standards 

 

82 38 coauthor 
standard 

work 

Assistant 
Clinical 

Professor of 
Medicine, 

UCLA 

Department of 
Medicine 

16;2 M.D. from  

U of California, 

I rv ine 

C. Friedman 19 

 77 

 

US  Biomedical informatics; clinical 
reasoning; program evaluation 

71 181 None  U  of 

Pittsburgh, 
Prof& Direc of 
the Center for 
Biomedical 
Informatics 

Phd from U of North 
Carolina 

G. V. Gkoutos 17 

76 02 UK  
from 

Greek 

Chemo/Bioinformatics Internet 
Resource Discovery; 
Application of XML Languages for 
Integrating Molecular Resources; 
representation of Chemical Data on the 
web 

99 21 None  U Imperial 

College, 
student 

1:4; Advisor: H. S. 
Rzepa; coauthor with 
Rzepa and Rust 

G. Wiederhold 16 

 76 
UC San 
Francis

co 

US  
from 

Poland 

Medical informatics; Design and operation 
of Large-Scale Software Systems. Design 

of databases, knowledge bases, distributed 

systems and applications in medicine, 
planning, and business. Privacy and 

Security 

62 379 
not 
many 

online 

None  U Stanford 

(Emeritus) 
I CEO, 

Symmetric 

Security 
Technologies 

Retired June 2001 
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D. Gardner 14 

 71 
New 
York U 

US  Physiology in Neuroscience; A 

neurophysiology database for characteristic 
recordings from somatosensory cortex, part 

of the Huamn Brain Project; Hierarchical 

attribute-value schema enables extensible 
controlled vocabularies systematizing 

neuroscience databases; neuronal 

databases, neural networks and neuronal 
identity 

   U Cornell  

A. Bruggemannklein 13 

  Gernamy Regularly Extended Two-Way 

Nondeterministic Tree Automata; Context 

Specification Technique; Regular 
Languages;  

Regular Expressions into Finite Automata 

83 29 None  U TU 

München 

Institut für 
Informatik 

Prof & Dr. 

4;10 (most with D. 

Wood) 

A. Hunter 13 

 92  UK  Knowledge representation and reasoning 

which is a branch of artificial intelligence 
(Anthony Hunter) 

91 72 None  U Phd from Imperial 

College 

G. Hripcsak 12 

 85 US  Medical Informatics; 

Data mining and knowledge discovery; nlp; 
Knowledge and data representation; 

Evaluation methodology; Clinical 

demonstration; Web-based clinical 
information system 

88 

ca 

100 

ca 

None  U Columbia u  

D. Raggett 12 

 81? 
U of 

Oxford 

UK HTML+, HTML 3.0, 3.2, 4.0; VRML; 

Voice Browsing; Multimodal Interaction; 
XHTML, XForms and MathML; CSS and 

VoiceXML 

  Html, 

xhtml, 
Xforms, 

MathMl 

 

I  
Openwave; 

Before: HP 
Labs 

Research Associate at 

Machine Intelligence 
Research Unit, 

University of 

Edinburgh; 
Alvey Journeyman, 

Logic Programming 

Department, Imperial 
College 

D. Suciu 11 

  US Semi-structured databases and XML 93 79 coauthor U 17; 19;Penn with 

Buneman, Davidson, 

Fernandez, Libkin; 
strudel; silkroute; 

stored; xmltk 

R. Khare 10 

 00 ms US  
uc Irvine 

Application-Layer Internetworking, an 
architectural style for integrating 

decentralized systems. Internet standards at 

MCI's Internet Architecture group and the 
W3C (security and e-Commerce issues); 

found 4K Associates as well as editing the 

World Wide Web Journal for O'Reilly & 
Associates 

  coauthor I a founder of 

KnowNow 
a columnist for IEEE 
Internet Computing, 

entitled Seventh Heaven 

on application-layer 
message transfer 

protocols 
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C. Sperbergmcqueen 10 

 85 
Stanfor
d 

 

US  SGML, XML  

Comparative Literature 
79 

95 at 

dblp 

24 

5 at 

dblp 

cochair 

Schema 
and XML 

Coordinat

ion Gp 

R w3c   All except 3 were alone 

or two authors 
Not made available on 

web 

D. W. Connolly 10 

  90 
BS 

U.T. 

Austin 

US Technical Architecture and Semantic Web 

(Web Ontology, Semantic Web Advanced 

Development), XML, HTML 2.0 
 

  Xml, 

html, Web 

ontology 
 

W3C W3c�s Technical 

Architecture Group and 

the Web Ontology 
Working Group 

Highly visible in ResearchIndex 

Wenfei Fan 21 
 99 US  Databases, Semi-structured data, XML,  

E-Commerce, Logic and computation 
97 15 coauthor U (Temple U.) 

R Bell labs 
0; 0; Penn group (phd 

at) 

W. van der Aalst 16 

66 92 Netherlan
ds  

Information systems, workflow 
management, Petri nets, specification 

languages, and simulation 

92 32 None  U full prof 8; 13; 

C. Brew 15 

 91 
Uof 
Sussex 

US from 

Edinburgh 
& Belin 

Computational linguistics and language 

technology; wrote a toolkox for SGML and 
XML 

  None  U Ohio State  

Michael Hanus 12 

 88 Germany the integration of functional and logic 

programming languages, the 

implementation of declarative 
programming languages, type systems for 

logic programming, and the application of 
abstract interpretation techniques to the 

former fields; multi-paradigm declarative 

language Curry 

85 76 None  U  
Kiel 

45;18 

D. Megginson 11 

  US SAX; SGML, XML;  Open Source 
software packages, Structuring XML 

Documents (book); Java 

   I Megginson 

Technologies, 

Ltd 

chaired the XML 
Information Set 

Working Group at W3C 

and served as a member 
of the W3C's XML 

Working Group and 

XML Co-ordination 
Group 

N. Klarlund 10 
 90 US from 

Denmark 

Automata theory, program verification, 

theory of computation 
91 31 None R Att labs 10;5;  

S. Nestorov 10 

 ?00 
97 MS 

US  
From 

Europe 

Data mining (MIDAS project), semi-
structured data (TSIMMIS and Lore 

projects) and on-line integration of 

heterogeneous information sources 
(TSIMMIS project). 

96 7 None  U Stanford 

student 
0;1; Stanford group with 
Ullman 

 
* Age: year of birth or year of ph.d. being awarded. 

Nationality: the country where the scholar is working. 

Topics: topics written about, or research interests 

Publishing history: year of first publication and number of publications in DBLP or other sources. 
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W3C: relationship with W3C, editor or member of working groups of W3C standards/specifications (titles of standards), coauthor with editors or members 

(coauthor with), or no relationship (none). 

Affiliation: nature of the institution: University (U), research institute (R), or industry (I). 

Collaboration: number of publications with single and two authors (single; two-author), note about scholars collaborated with and projects participated. 
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