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Abstract

As a popular phenomenon today, virtual community is significantly altering people who work, spend
their free time and interact socially. Furthermore, virtual community has been receiving a growing
attention in the academic literature. This study aims to investigate the current state of the academic
literature regarding virtual community and analyze its knowledge base by using bibliometric method.
All articles were collected from SSCI database during 1994-2011. The result indicated that the
literature productivity on virtual community topic is still growing. The result also found that the author
productivity distribution data related to virtual community matched Lotka’s law. Moreover, the twenty-
eight core journals in virtual community issue were identified utilizing the Bradford’s law.
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1. Introduction

The development of Internet technology has led to the proliferation of virtual communities. Virtual

community covers a wide range of forms of social media such as bulletin board systems (BBS), chat
rooms, online forums, social networking sites and so on. Individuals can interact with each other and
share common interests via those electronic means. Thus, the community networks have promoted the
development of each other and reinforced the role “community” plays in the cyberspace [1, 2]. Virtual
community conception was first proposed by Howard Rheingold [1]. After that, virtual community has
received growing attention in the academic literature [3].
In the past, Bibliometrics is a research method used in library and information sciences. Bibliometric
methods were used to serve the purposes of description, evaluation and scientific monitoring [4]. A
number of studies used bibliometric methods to explain the different fields, for instance, the
investigation of research on evolution of altruism [5], the research trend in RFID [6], data mining and
customer relationship management [7], the research profile in Experts System with Application [8] and
Information & Management [9]. Therefore, this study attempts to use bibliometric analysis to identify
the current state of the academic literature regarding virtual community and analyze its knowledge base
such as research authors, research countries, document types, keyword analysis and subject areas.
Furthermore, Lotka’s and Bradford’s laws are applied to perform author productivity and core journals
analyses in this field during 1994-2011 respectively, in turn discovering historical vein and forecasting
research tendency in the near future.

In the following section, the related literature including that on the Bradford’s Law and Lotka’s Law
will be reviewed. Then the applicability of the research methodology in the empirical context will be
reported in Section 3, followed by an analysis and the empirical results in Section 4. The conclusion will
be presented in the final section.

2. Literature Review

2.1 Bradford’s Law

Bradford’s law was originally proposed by Bradford [10], which was the evidence for the regularity in
the distribution of scientific journals [11]. Bradford’s theory explained that if scientific journals are
arranged in decreasing order of productivity of articles according to a given subject, they can be divided
into a “core” of journals devoted to the subject as well as radiating zones of journals contributing fewer
and fewer articles [12]. Through the process, each zones with the same number of articles, that the
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number of journals in each zone grew geometrically [11]. The Bradford’s Law has been widely applied
to study varying topic trends [24], author productivity [13], and journal distribution [14].

2.2 Lotka’s Law

Lotka’s law is mainly used to describe the distribution of publications within a community of
scientists in a given field [15]. It is also called “the inverse square law of scientific productivity” [16].
Lotka [16] found the publication data and formulated it to predict an approximate number of authors
with a certain frequency of publications. Lotka’s distribution function is given by the expression:

f(x) = XE @)

where X is the number of papers published in a period; F(x) is the number of authors publishing
X papers; N is a parameter to be determined from the data that taking a value close to two; and Cisa

normalizing constant that the sum over all X of the F(x) is equal to one.

The validity of this law has been proven regarding the productivity rules of physicists and
econometricians [17, 18]. Lotka’s distribution can be widely used in various studies such as the time
interval, varying rates of production and different counting procedures [19]. From the past theories view,
Chang, Chou & Yang [13] also built up the distribution of publications of information systems field
following the Lotka’s law, and the result matched the generalized Lotka’s law; that is, the author
productivity distribution data is consistent with technology acceptance theories. Tsai & Chi [25]
research supply chain management (SCM) technology trends and forecasts using bibliometric analysis
from 1989 to 2009 years.

3. Data Set

In this study, all articles were accessed from the citation database of Social Science Citation Index
(SSCI) on Web of Science created by the Institute for Scientific Information (ISI). Since virtual
community published their first issue in 1993 [1], all articles were selected by examining the title for
“virtual community” keywords from 1994 to 2011. A total of 1,228 papers in virtual community
published during 1994-2011 were analyzed.

4. Analysis and Results
4.1 Descriptive Statistics

The research articles analysis was focused on the period from 1994 to 2011. As presented in Table 1,
the number of articles published in academic journals was only 12 in 1994, but it has quickly increased
to over 100 articles per year. To date, 213 articles have been published in 2010. If this rate continues, we
can expect to see approximately 300 virtual communities academic articles published in SSCI journals.
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Table 1. The tendency of literature growth of virtual community

Publication Year  Nr. of publications %
1994 12 0.98%
1995 16 1.30%
1996 16 1.30%
1997 26 2.12%
1998 32 2.61%
1999 43 3.50%
2000 23 1.87%
2001 39 3.18%
2002 54 4.40%
2003 63 5.13%
2004 54 4.40%
2005 48 3.91 %
2006 77 6.27%
2007 96 7.82%
2008 126 10.26%
2009 146 11.89%
2010 213 17.35%
2011 144 11.73%

Apparently, the literature citation of virtual community is increasing since 2003, and citation is also
increasing steadily each year. It appears that the research of virtual community is very popular and
getting in the highly mature period, shown as Figure 1.
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Figure 1. Citation in each year (Source: SSCI database)

The distribution of productivity countries by publishing papers regarding virtual community is listed
in Table 2. The publication papers of the top three countries are USA, which is champion with 491
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record counts (39.98%), followed by England and Canada, which achieved record counts of 142
(11.56%) and 90 (7.33%). Note-worthily, Taiwan is ranking as No. 4 in this research domain; it showed
that Taiwan has become one of the main productivity countries within the research aspect of virtual
community in the world.

Table 2. Distribution of top 10 productivity countries

Ranking Country Record Count %

1 USA 491 39.98%
2 ENGLAND 142 11.56%
3 CANADA 90 7.33%
4 TAIWAN 87 7.09%
5 SPAIN 49 3.99%
6 PEOPLES R CHINA 48 3.91%
7 AUSTRALIA 45 3.66%
8 GERMANY 39 3.18%
9 NETHERLANDS 37 3.01%
10 ITALY 32 2.61%

Others 168 13.68%

Table 3 provided an investigation into the authors who have written more than four papers related to
virtual community topic during 1994-2011. Top 5 authors were sorted by the number of publications as
well as their current affiliation. As the result, it indicates that the relatively more authors from non-U.S.
academic institutions performed high productivity in this research domain. To our knowledge, virtual
community has caught more and more attention by non-U.S. authors.

Table 3. Distribution of top 15 authors

Ranking  Author Affiliation Record Count % Subject Area
1 Lin. HF National Taiwan Ocean University 7 0.57% Knowledge
R 172 Management
2 Flavian C University of Zaragoza 6 0.49% Travel Community,
T ' Brand Community
2 Guinaliu. M University of Zaragoza 6 0.499% Travel Community,
T 7 Brand Community
2 Riva, G. Tech University Munich Germany 6 0.49%  Virtual Reality
2 Fueller, J. University of Innsbruck 6 0.49% Virtual communities

The SSCI journal comprised the majority of published virtual community document types (see Table
4). “Article” (1,100 record counts, 89.58%) is the most general publication type in the search results.
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Table 4. Distribution of document types
Document Type Record Count %

Article 1100 89.58%
Proceedings Paper 102 8.31%
Review 44 3.58%
Book Review 44 3.58%
Editorial Material 24 1.95%
Meeting Abstract 11 0.90%
Correction 3 0.24%
Database Review 1 0.08%

Table 5 is important for researchers to gain a better understanding into the distribution of top 20
subject areas for future research trends and research directions. Among all the subject areas listed here,
the top five ranking of research domains of virtual community are “Computer Science”, followed by
“Information Science & Library Science”, “Business Economics”, “Psychology” and “Education &
Educational Research”. The result indicated that virtual community has been considered as an important
issue in Information System and Computer Science, that is, virtual community has become an
interdisciplinary theme.

Table 5. Distribution of top 20 subject areas

Subject Area Record Count %
Computer Science 275 22.39%
Information Science & Library Science 248 20.20%
Business Economics 219 17.83%
Psychology 150 12.22%
Education & Educational Research 138 11.24%
Communication 134 10.91%
Engineering 90 7.33%
Sociology 72 5.86%
Social Sciences Other Topics 58 4.72%
Environmental Sciences Ecology 38 3.09%
Geography 34 2.77%
Public Environmental Occupational Health 34 2.77%
Operations Research Management Science 31 2.52%
Government Law 30 2.44%
Nursing 30 2.44%
Health Care Sciences Services 27 2.20%
Rehabilitation 26 2.12%
Public Administration 24 1.95%
Psychiatry 20 1.63%
Telecommunications 20 1.63%
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4.2 Keyword Analysis

In addition, this research further conducted the keywords analysis. The analysis of author keywords
(i.e. the keyword provided by authors) could provide the information of research trends which is
concerned by most researchers. The technique of statistical analysis of keywords might be purpose
exploring directions of science [20]. However, previous bibliometric studies have used the author
keyword to analyze the trend of research [21]. Examining this period, we found that 2,346 author
keywords were used. The top five keywords are “virtual community”, “Internet”, “e-learning”, “social
network”, and “computer-mediated communication”. The detailed ranking is shown in Table 6. Through
analysis we can see that virtual community has been related to many research areas.

Table 6. Top 15 frequency of author keywords user

Rank Author keywords Count (Sum=2346) %
1 Virtual Community (Online Community) 187 7.97%
2 Internet (Web) 51 2.17%
3 E-learning (Online Learning, Collaborative Learning) 48 2.05%
4 Social network (Community Network, Social Networking) 39 1.66%
5 Computer-Mediated Communication 31 1.32%
6 Trust 26 1.11%
7 Virtual Organizations 20 0.85%
7 Virtual Reality 20 0.85%
9 Behavioral Intention (Continuance Intention) 18 0.77%
10 Blog (Weblog, Blogging) 17 0.72%
11 Learning Community 16 0.68%
12 Social Capital Theory 16 0.68%
13 Online Game 16 0.68%
14 Knowledge Sharing 15 0.64%
15 Loyalty 12 0.51%

Author keywords: the keyword provided by authors; %: the percentage of the author keyword.

4.3 Bradford’s Law and Core Journal

Bradford’s Law is used to estimate the exponentially diminishing returns of extending a search for
references in SSCI journals. Bradford’s Law impose a formulation that if journals in a field are divided
by number of articles into three zones, the number of journals in each zone will be proportional to 1: n:
n2[22].

There are 580 journals has published articles related to “virtual community”. Among them, 380
journals only published one article. The number of published papers in each journal and relative ranking
based on the zoning of Bradford’s Law are shown in Table 7. Table 7 also presented the publication
number of three zones (64: 200: 580). It was approximately equal to 1: 3: 32 which matched the principle
of Bradford’s Law. That is, A: B: C = 1: n: n2 The primary journals that published virtual community
articles are as follows: Computers in Human Behavior has 32 publication papers, followed by the
CyberPsychology, Behavior, and Social Networking (31 record counts), Computers & Education (26
record counts) and New Media Society (23 record counts). The result indicated that the literatures of
virtual community were usually published by 64 core journals.
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Table 7. The distribution of virtual community literature

Number of Articles (a)d

Number of Accumulated

Number of Accumulated

Journal (b) Journals (c) (a*b)
32(Computers in Human Behavior) 1 1 32
31(CyberPsychology, Behavior) 1 2 63
26(Computers & Education) 1 3 89

23 (New Media Society) 1 4 112

18 1 5 130

16 1 6 146

15 1 7 161

14 2 9 189

A) 13 2 11 215
Core 12 2 13 239
11 3 16 282

10 1 17 292

9 5 22 327

8 3 25 351

7 5 30 386

6 6 36 422

5 9 45 467

4 19 64 543

(B) 3 43 107 672
Relevant 2 93 200 858

Ma(r(g;?nal 1 380 580 1,238

4.4 Lotka’s Law and Author Productivity Analysis

In this section, we will calculate whether the virtual community follow Lotka’s law. Pao [23]
suggesting these steps to verify the reliability of Lotka’s Law: (1) collecting data, (2) list author
frequency distribution table, (3) calculating n value (slope), (4) calculating constant C value, and (5)

using K-S (Kolmogorov-Smirnov) test to evaluate whether to matchd Lotka’s Law.

This study examined those journal articles published during 1994-2011 on various aspects of virtual
community. The least-squares method described by Pao [23] was employed. In Table 8, this study
described authors’ productivity in virtual community (see Table 8). There are 1,228 articles and 4,201
authors. Among these 4,201 authors, five authors published more than five articles, with the maximum
count being six. Furthermore, 3,849 (81.27%) authors published only one article. The result displayed
that the papers of virtual community were usually generated by single author.
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Table 8. The productivity analysis of authors (a)

Record Count (x) Author(y) X=log(x) Y=log(y) XY XX
1 3849 0.000 3.585 0 0
2 248 0.301 2,394 0.720594 0.090601
3 55 0.477 1.740 0.82998 0.227529
4 29 0.602 1.462 0.880124 0.362404
5 12 0.699 1.079 0.754221 0.488601
6 6 0.778 0.778 0.605284 0.605284
7 2 0.845 0.301 0.254345 0.714025
Total 4201 3.702 11.3390 4.0445 2.4884

In this stage, the n value was calculated by Lotka’s method using the following equation (2):

po NIXY -3 XY )
NY X2 - (Y X)?

Applying the values from Table 8 into equation (2), we can get the value of n = -3.6791.

In the fourth stage, the value of constant C was calculated using the following equation (3):

X =123,456. 3)
c-— ! p=7,
S S S N
X" (n=D(p"Y)  2*p" 24*(p-N)"!
1
C= , X =1,2,3,4,5,6.
5.1 1 1 n

D Y A T TR YT
C =0.903313736.
Then, apply n=-3.6791, C =0.903313736 into equation (1) (i.e., (x) - 2203313736,

-3.6791
X

Pao [24] indicated that absolute value of n should be from 1.2 to 3.8 which were formulated by the

generalized Lotka’s law. In order to test whether our observed value match with the theoretical value,
we further used K-S test for evaluation. Finally, according to the K-S test, Table 9 found Dmax= 0.0136

(Dmax= Absolute Value “:o(x) —Sn(X)|), if the sampling number is bigger than 35, the threshold value

is 0.025 (_1.63 _, ;,c). Since the value of Dmax is less than the threshold value, the result matched the
4201

generalized Lotka’s law, that is, the author productivity distribution data is consistent in virtual
community studies.

Table 9. The productivity analysis of authors (b)

Expected
Value by

Accumulated Absolute Value
Value Fo(X) |Fo (X)-Sn(X)|

Record Observation Accumulated
Count(a) by Author(s) Value Sn(X) A

uthor(s) %

1 0.9169 0.9169 0.9033 0.9033 0.0136
2 0.0652 0.9821 0.0705 0.9738 0.0083
3 0.0090 0.9911 0.0159 0.9897 0.0014
4 0.0059 0.9970 0.0055 0.9952 0.0018
5 0.0011 0.9981 0.0024 0.9976 0.0005
6 0.0019 1.0000 0.0012 0.9989 0.0011
7 0.9169 0.9169 0.9033 0.9033 0.136
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5. Conclusions and Implications
5.1 Conclusions

Virtual community topic has been received a growing attention in the academic literature. According
the analysis of this study, several findings are reported as follows. First, the literature productivity on
virtual community topic is still growing. Second, the main research countries which have written the
most virtual community papers is located in USA, but England, Canada and Taiwan also have potential
to deliver more publications in the future. Third, virtual community has been mainly applied into some
subject area such as Computer Science, Information Science & Library Science, Business Economics,
Education & Educational Research, and Psychology. Fourth, the result of author keyword analysis
indicated some popular related research areas were Internet, e-learning and social network. Fifth, K-S
test proved that the frequency indexes of author productivity distribution follow Lotka’s Law. Finally,
according to Bradford’s Law, the three zone ratio was approximately equal to 1: 3: 32, that mean the data
was consistent with Bradford’s Law. In addition, the twenty eight core journals in virtual community
issues were identified.

5.2 Research Implications

In conclusion, the productivity distribution related to virtual community was explored using the
bibliometric methodology at this study, the findings of which will provide the following applications:
First, this research on the productivity distribution of virtual community may inform researchers and
scholars of current issues and development of virtual community. Second, with regard to author
productivity, our study proposed a theoretical model, based on Lotka’s law, for author productivity
analysis of virtual community issue, serving as reference for different areas of study in the evaluation of
author productivity models. Also, in order to allow researchers to gain in-depth insights, this study
aimed to report the most published institutions and keep track of the growth and trend of author
productivity, by which scholars in related fields are provided with more opportunities for academic
communication and technological cooperation.

5.3 Limitations and Further Research

This research also identified practical limitations that offer immediate avenues for further research.
First, this research could be used for further analysis in the future such as keyword content analysis of
getting the deeper comprehension with this topic. Second, only one SSCI database was considered in
this research. Therefore, future research could use the different journal databases such as Social Citation
Index (SCI) to retrieve more in-depth issues.
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