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Abstract

Electronic publishing can be defined as making full-texts of journal articles
and books available through the network. Although e-publishing has been in
existence for over 30 years in various forms such as CD-ROMs, it owes much
of its current level of development to the Internet and the Web. This paper
attempts to chart the evolution of e-publishing as a research field over the last
31 years using CiteSpace, an information visualization tool. It maps the
intellectual structure of e-publishing based on 493 articles that appeared in
professional literature on the subject between 1979 and 2009. Document co-
citation and author co-citation patterns and patterns of noun phrases and
keywords of papers on e-publishing are visualized through a number of co-
citation maps. Maps show the major research strands and hot topics in e-
publishing such as “open access” and would improve our understanding of
the e-publishing as a research field.
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1. Introduction

Scientific papers and publications reflect the rapid growth of human
knowledge. Studying citations in research papers describes the development
of science and explains the starting point and intellectual bases of the
scientific research [1]. Bibliometrics uses citation data to trace the growth of
published literature and study the patterns of publications and specific
scientific developments within a field [1, 2]. Co-citation analysis can be used
to study various aspects of scientific networks and to map structures of
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scholarly research in a certain field [2, 3, 4]. It identifies how often “two
documents are . . . co-cited when they both appear in the reference list of a
third document” [5]. Author co-citation analysis (ACA) is used to find out the
number of times “that selected author pairs are cited together in articles,
regardless of which of their works are cited” and it tries to “identify
influential authors and display their interrelationships from the citation
record” [6]. Co-word analysis, on the other hand, is based on the co-
occurrence frequency of pairs of words or phrases” and “used to discover
linkages among subjects in a research field and thus to trace the
development of science” [7]. “Astrém found a good correspondence
between maps based on author-co-citation analysis and on co-occurrence of
descriptors” [8]. Such relationships between citations and words reveal
networks of documents, authors and words, respectively [9, 10, 11].

Studying networks has been an established research topic in information
science and other disciplines. A network consists of nodes (i.e., articles,
words or authors) and links (to other articles, words or authors). “Each node
in the network represents a reference cited by records in the retrieved
dataset” [12]. The size of a node and its label is proportional to the frequency
of citations. Colors on a node (so called “rings”) correspond to the time slice
in which citations were made. The thicker the ring for a certain color, the
more citations the paper received from that time slice [13]. The lines between
these circles represent co-citations. The width and length of links are
proportional to the co-citation coefficient. Colors of links indicate the first
appearance of those links [4]. Thicker lines and closer nodes indicate that the
pairs are co-cited more frequently and thus more similar [2].

Social network analysis (SNA) used in creating co-citation maps is based
on graph theory. SNA offers several measures such as density and centrality
to study the characteristics of a network and conceptualize it [14]. The
“density” of a network is defined as the number of actual links between nodes
divided by the number of possible links and represents the connectedness of
the graph [15]. The “centrality” of a network, on the other hand, measures
relationships between nodes in terms of degree, closeness and betweenness.
Central nodes are more important in a network [16]. Degree centrality is the
number of direct relationships that a node has. Betweenness centrality is an
indicator of a node’s ability to make connections to other nodes in a network
while closeness centrality measures how quickly a node can access more
nodes in a network [17].

Highly cited, and thus important, articles in a co-citation network form
“landmark” nodes. Articles that have many connections to other articles are
called “hubs”. The “pivot” nodes, on the other hand, connect different sub-
networks in a co-citation network through playing a brokerage role [18].
Scientific networks tend to change over time in various ways. Moderate as
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well as dramatic changes may be observed [4]. As a scientific field matures,
new nodes and links get added to the network while some of the existing ones
get merged with other nodes or would disappear altogether.

This paper aims to assess the evolution of e-publishing as a research field
using scientific visualization techniques. Tracing its historical development
between 1979 and 2009, we carried out a domain analysis of the e-publishing
field so as to see how it is that the intellectual structure of e-publishing has
changed over time. In addition to providing descriptive statistics on e-
publishing, we addressed the following research questions:

e What are the prominent articles in the field of e-publishing?

¢ What major areas of e-publishing exist and how are they interlinked?
e Which authors are major knowledge producers?

e Is there an evolving area in e-publishing as a research field?

We used the CiteSpace software (http://cluster.ischool.drexel.edu/~cchen/
citespace/)_to explore the research fronts in e-publishing field and addressed
the research questions by means of co-citation analysis and scientific
information visualization tools.

2.  Methodology

We performed a topical search on Thomson Reuters” Web of Science (WoS)
online database to identify papers on e-publishing that appeared in the
literature between 1979 and 2009 [19]. We used the terms “electronic
publishing”, “e-publishing” and “digital publishing” for topical searches. A
total of 1,182 papers were identified. Some 689 contributions other than
journal articles (book reviews, editorials and other document types) were
excluded. The full bibliographic records (including authors, titles, abstracts
and reference lists) of the remaining 493 journal articles were downloaded
along with a total of 1,895 citations that they received.

We used CiteSpace to analyze and visualize co-citation networks.
Developed by Dr. Chaomi Chen, CiteSpace facilitates the analysis of emerging
trends in a knowledge domain [4]. CiteSpace is part of the developing field of
“knowledge domain visualization” aimed at creating a picture of how science
grows and evolves over time [18]. “Compared with earlier visualizations, the
new methods in CiteSpace have improved the clarity and interpretability of
visualizations” [16]. CiteSpace supports collaboration networks of co-authors,
institutions and countries, document co-citation networks, concept networks
of noun phrases and keywords, and hybrid networks that consist of multiple
types of nodes and links [9]. CiteSpace reduces the number of links that must
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be shown and weights the remaining ones, thereby preserving the network’s
basic structure.

We analyzed the data using two-year time slices, making altogether 16
slices for the entire period of 1979-2009. In each time slice, a co-citation
network was constructed based on the co-citation instances made by the top
30 most cited records published in the corresponding time interval and the
threshold values.

3. Findings and Discussion

Table 1 provides descriptive statistics on papers on electronic publishing that
appeared in professional literature between 1979 and 2009. During this
period, a total of 493 papers with “electronic publishing” or “e-publishing” or
“digital publishing” in their topics were published and they were cited 1,895
times. On the average, 16 papers appeared on electronic publishing annually
(SD =11) and they received 61 citations (SD = 72).

Table 1: Number of articles and citations on electronic publishing (1979-2009)

# of # of times # of # of times
Year ) . Year . .
articles cited articles cited

1979 1 12 1995 32 238
1980 0 0 1996 30 111
1981 0 0 1997 34 62
1982 4 0 1998 36 88
1983 4 2 1999 29 216
1984 7 43 2000 42 220
1985 11 26 2001 28 94
1986 9 13 2002 21 127
1987 11 11 2003 22 145
1988 5 10 2004 16 50
1989 10 11 2005 15 45
1990 5 0 2006 17 37
1991 12 11 2007 15 12
1992 14 189 2008 21 25
1993 9 14 2009 10 4
1994 23 79

Total Total 493 1,895

While the number of papers and citations thereto were not high between
1979 and 1993 (average of 7 papers and 23 citations per year), they have
increased considerably between 1994 and 2000 (average of 32 papers and 145
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citations per year). This is probably due to the fact that the number of
Internet and Web users proliferated in early 1990s when the Internet became
available outside the academia, thereby increasing both the number of e-
publishing activities and papers engendered therefrom. The increase has
slowed down after the year 2000 (average of 18 papers and 60 citations per
year), which can perhaps be explained by the appearance of more specific
papers on e-publishing indexed under more specific keywords.

Cite Space,
March

LAWRENCE S, 2001, NATURE ...
RAWLINS GJE, 1993, J AM SOC INFORM SCI ...

GINSPARG P, 1994, COMPUTATION PHYSICS ...
TURCOFF'M, 1982, J AM SOC INFORM SCI ...
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TAUBES G, 1996, SCIENCE ...

ODLYZKO AM, 1995, INT J HUM-COMPUT ST ...

Fig. 1: A document co-citation network of electronic publishing (1979-2009)

Figure 1 shows a document co-citation network derived from the citing
behavior of authors writing on e-publishing. This network is the result of
merging 15 two-year and 1 one-year (2009) document co-citation networks
generated by the WoS dataset (1979-2009). It consists of 409 papers that have
been cited by two or more e-publishing articles and 1,096 co-citation links.
Each co-citation link represents at least three co-citations. Citations made in
earlier years are shown in blue links, mid-range years in green and yellow,
and recent years in orange. The colors of co-citation links depict the earliest
year in which the connection between two documents was made for the first
time. For example it is quite possible that papers published in the 1980s were
not co-cited until 1990s [20].

Structurally strategic nodes can easily be identified in Figure 1 [21].
Tenopir and King’s book (2000) on electronic journals appears to be the most
prominent source as it was cited the most. Journal articles on e-publishing by
Harnad (“Scholarly skywriting”, 1990), Schauder (“Electronic publishing of
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professional articles”, 1994) and Ginsparg (“First steps towards electronic
research communication”, 1994) were the second most highly cited articles in
the network. These four sources started to get cited soon after publication and
still continue to be cited today, as the outer orange rings indicate.

In Figure 1, we see three distinct clusters in the network. (These three
clusters are shown in detail in Figures 2, 3 and 4). We have already pointed
out the strategic nodes of Tenopir-2000, Harnad-1990, Schauder-1994 and
Ginsparg-1994 at the middle of the network. Figure 2 shows the middle and
upper left-hand cluster in Figure 1 in more detail. Figure 2 comprises papers
with mainly green links, indicating that this cluster was formed between 1991
and 2002. Papers in this cluster (e.g., Tenopir-2000, Harnad-1990, Schauder-
1994, Ginsparg-1994) have also been cited after 2002. Rawlins-1993, Turoff-
1982, and Lancaster-1978 have not been cited after 2003. Tenopir-2000,
Harnad-1990 and Ginsparg-1994 provide connection with the recently formed
upper right-hand part of the network (see Fig. 3). To put it differently, they
were cited by papers in this cluster whose centroid is represented by
Lawrence’s seminal letter (“Online or Invisible?”) that appeared in the journal
Nature in 2001. The linkage between the two clusters was formed in 2001-2002
time slice, which roughly corresponds to the rise of open access debate in
early 2000s. The debate was (and, to some extent, still is) centred on the
potential impact of e-publishing through open access e-journals in terms of
use and citations exemplified in Antelman-2004 (“Do open access articles
have a greater research impact?”) and Kurtz-2005 (“The effect of use and
access on citations”), for example.

LANCASTERMWLINS;GJERA393 5 AM-SQC INFOR

ROISTAGHEGINSRARG PaM33d;RCOMPUT]
GARFIELD E
TUROFF'M! 1982, J AM SOC INFORM SClI ...

SCHAUDE 5 BM SOG NG
ARNAD SR OPIRFSY 20001 &

SCHAFFNER AC, 1994, INFORMATION TECHNOLO ...

Fig. 2: The middle and upper left-hand part of network in Figure 1 in detail
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The cluster in the upper right-hand part of the network seems to have
been formed recently, as the prevalent orange and red rings indicate. This
part shows the most recent active area of e-publishing field. Sources in that
cluster were cited mostly after 2005. This part of the network shown in detail
in Figure 3 represents an evolving thread and contains highly cited articles by
Lawrence-2001, Antelman-2004, Kurtz-2005, Miller-2004, Odlyzko-2002,
Swan-2005, and Jones-2006. The first paper published by Lawrence-2001, was
first cited in 2001 and heavily cited after 2005, whereas the Kurtz-2005 paper
was not cited between 2007 and 2009.

KURTZ MJ, 2005, INFORM PROCESS MANAG ...
SWAN A, 2005, OPEN ACCESS SELF ARC ...
ANTELMAN K, 2004, COLL RES LIBR ...
ODLYZKO A, 2002, LEARM BIIGL
L ENCE S, 2001, NATMURE:¢ 24, J scHOLARLY PUBL ...
JONES R, 2006, | REPOSITORY ...

S, 1999, IEEE COMPUT ...

Figure 3: The upper right-hand part of the network in Figure 1 in detail.

Figure 4 shows the lower part of the network that was formed starting
from 1988. Note that the seminal article by Vannevar Bush (“As we may
think”, 1945) is one of the nodes connecting two clusters in the network and
continued to be cited until 2006. Also, papers by Odlyzko and Negroponte
have been cited up until recent years. We can see a dense cluster in yellow on
the left-hand side next to the Bush’s 1945 paper. This cluster was formed in
2003-2004 time slice and contains papers by Negroponte-1995, Ormes-2001,
Crawford-2000, Hawkins-2000, and Sottong-2001.

We also carried out a network analysis of authors contributing to e-
publishing literature (author co-citation analysis) (Fig. 5). The network
contains 340 authors cited by the e-publishing dataset and 1091 co-citation
links. The largest connected component of this network is densely connected
and therefore it is difficult to identify sub-networks, even if they exist. (See
Fig. 6 for the blow up of the densest part of Fig. 5.) Increasing the threshold
value does not help much in this respect, as “meaningful pairwise
associations are broken” and related authors “appear in different
components” [5].
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Figure 4: The lower part of the network in Figure 1 in detail
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Figure 5: An author co-citation network (1979-2009), including 340 cited
authors and 1091 co-citation links.

The size of a node is proportional to the number of e-publishing articles
one has published. The colors of tree-rings indicate the temporal patterns of
an author. For example, Harnad has the largest citation circle. On the other
hand, the author co-citation map conveys additional information about how
these authors have been cited. The nodes of Harnad and Lancaster have
purple rings, indicating that they are pivotal nodes in the network with the
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highest betweenness centrality. In other words, they are strategically
important in pulling other nodes together [20]. The same can be said, to a
lesser extent, for the nodes of Garfield and King. The citation tree-ring of
Harnad shows thick layers of green-orange rings, indicating that the majority
of citations to Harnad were received in recent years (e.g., 2000s). The open
access expert Stefan Harnad, the founder of arXiv Paul Ginsparg and Ann
Okerson of Yale University Libraries are usually co-cited.

The prominent nodes are dominated by green citation rings (see Fig. 6).
This pattern suggests that these authors frequently published e-publishing
papers in the green time slices, which corresponds to the 1990s and first years
of 2000s. The outermost authorship tree-rings of most of the authors are
orange, suggesting that many of these authors continue to publish papers that
continue to be cited. The names of those authors can be seen in Figure 7 along
with linkages among them.

BERNERGINS PA
BORKLINGIR TisiNAC ﬁrﬂ,ﬁ"'\l I‘S
MEADOWS ali MCKNIG
LAWRENCHIARTER SP

C_GARFIELD E

Fig. 6: The densest part of the author co-citation network (1979-2009) in Fig. 5.
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Fig. 7: The largest connected component of the e-publishing authorship network
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Fig. 8: A hybrid networks of keywords (shown as circles with black labels)
and noun phrases (shown as triangles with dark red labels) (1979-2009)

Figure 8 shows a hybrid network of keywords as circles and noun phrases
as triangles, extracted from titles and abstracts of papers. A noun phrase
consists of a noun and adjective(s). Pivotal nodes are shown with purple rings
(e.g., electronic publishing, internet).

Figure 9 draws a minimum spanning tree using the hybrid network of
keywords and noun phrases in Figure 8. Keywords represent more general
topics whereas noun phrases represent microscopic analysis. So, the hybrid
map of keywords and noun phrases is expected to reveal concrete connections
at different granularity levels [20]. The inclusion of the map is to provide an
overall orientation of the conceptual structure of papers on e-publishing.

joumal publishing

documen: tsupphy

i i electranic commerce [252aroh funding ——

Fig. 9: A concept map of keywords assigned by authors to their own papers
and noun phrases extracted from titles and abstracts of papers. Citespace
thresholds: 3,3,15; 3,3,20; 3,3,20
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This map includes hubs of electronic publishing, internet and research
funding. Internet and research funding are interconnected with electronic
publishing. The hub of electronic publishing is connected to other keywords
or noun phrases such as open access, copyright and electronic books; the hub
of internet is connected to electronic books, information, information retrieval,
information technology and so on. Concept maps can be useful to identify
specific terms that are closely related with the field of e-publishing [20].

4. Conclusion

We have analyzed the structure and evolution of electronic publishing field
through articles published between 1979 and 2009 using co-citation networks
derived from CiteSpace. Findings of our study show that e-publishing is an
emerging research field. The three most prominent sources in e-publishing
field are Tenopir and King’s book (“Towards Electronic Journals: Realities for
Scientists, Librarians, and Publishers”, 2000), Harnad’s article (“Scholarly
skywriting and the prepublication continuum of scientific inquiry”, 1990) and
Schauder’s article (“Electronic Publishing of Professional Articles: Attitudes of
Academics and Implications for the Scholarly Communication Industry”,
1994). There is a recently formed part of the network that represents “open
access”. The open access evangelist Stefan Harnad seems to be the most
influential author. Open access, e-journals, e-books, digital libraries are
among the major research tracks in e-publishing as indicated in the hybrid
map of keywords and noun phrases. Findings of this study can be used to
identify landmark papers along with their impact in terms of providing
different perspectives and engendering new research areas.
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