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Abstract
Research productivity has been always an important part of every academic’s job, since it has a profound effect
on faculty promotion and tenure decisions. In addition, some scholars believe that co-authorship between faculty
members has a great impact on their academic life and faculty advancement. Since 2005, the Ministry of
Education of Taiwan (MOE) has developed two university programs and evaluation policies for improving the
competitiveness and internationalization of Taiwan universities, and has clearly stated that there is a strong
relationship between faculty promotion and research performance. However, none of them has used social
network analysis (SNA) to examine research productivity and co-authorship under two university programs and
evaluation policies from MOE in Taiwan. Therefore, in this study, we first uses SNA to analyze the research
productivity, collaboration patterns, and publication strategies of faculty members in a Management Information
Systems (MIS) department at a national university in Taiwan. Then, we used D3, a well-known drawing tool to
create data visualization using JavaScript libraries, to visualize and discuss how these two university programs
and evaluation policies from the MOE affected these patterns and strategies. We hope that our study not only
provides beneficial information to the MIS department, but can be treated as an important source for MOE
committees in their future adjustment of university programs and policies.
Keywords: Social Network Analysis, D3, Co-authorship, Data Visualization, Research Collaboration Patterns
and Networks, Research Productivity, Journal Publication
1. Introduction
Research productivity is a primary part of any academic's job (Jones et al., 1989; Salthouse et al., 1978), as it is a
crucial influence on faculty promotion and tenure decisions. For this reason, some scholars have 1) measured the
impact of faculty's research output (Albrecht et al., 2015); 2) analyzed the factors that affect the research
productivity of production and operational management groups (Hadjinicola & Soteriou, 2006); 3) discussed
trends in senior faculty productivity over time (Bonzi, 1992); and 4) investigated the journal publications of MIS
departments in Taiwan from 2001 to 2008 (Lai et al., 2011). In Taiwan, research productivity is also an important
part of most universities. According to Chou (2014), the Ministry of Education of Taiwan (MOE) developed its
Program for Promoting Academic Excellence in universities (PPAE), Aiming Top University & Elite Research
Center Development Plan (ATU Plan), and formal university evaluation policy in 2005, where the aim is to
improve the competitiveness and internationalization of Taiwan universities. By having these two university
programs and this evaluation policy, MOE established a strong relationship between faculty promotion and
research performance in which research performance is evaluated based on impact factors and number of
publications in SCI-, SCIE-, SSCI-, TSSCI-, and A&HCI-indexed journals. Because of this, many departments
established recommended journal lists (henceforth referred to as A-lists) for faculty promotion purposes.
Similarly, the Ministry of Science and Technology of Taiwan (MOST) also published recommended journal lists
(henceforth called MOST lists) for several categories (e.g. recommended journal lists from the Information
Science & Library Science category (Liang, 2013)), which encourage Taiwanese scholars to submit their papers
to the recommended journals in their field in order to get more research funding. Because of the above reasons,
Asian scholars put much more effort into their research productivity than do their Western colleagues (Horta &
Jung, 2014).
In addition, some scholars believe that co-authorship between faculty members (e.g., writing research project
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proposals, conducting research projects, or writing conference/journal papers) is important, and has a great
impact on their academic life and faculty advancement. Knowing the significant impact on co-authorship, Fox
and Faver (1984) conducted semi-structured in-depth interviews with a few social scientists, and discussed the
advantages, disadvantages, and motivations of collaboration based on the points of view of social scientists. In
addition, other scholars measured: 1) the patterns of scientific collaboration in bibliographic databases in biology,
physics, and mathematics (Newman, 2004); 2) differences in collaboration experiences across different
disciplines (Tsai et al., 2016); 3) the evolution of collaboration in multi-authored publications from the Physical
Review journals database (Wardil & Hauert, 2015); 4) patterns of scientific collaboration in tourism research
(Benckendorff & Zehrer, 2014); 5) scholarly influence, scientific collaboration, antecedents to co-authorship,
and effect of co-authorship in five leading Information Systems (IS) journals (Gallivan & Ahuja, 2015);
characteristics and patterns in the field of additive manufacturing (Zhang et al., 2016); 6) examining whether
international collaboration is beneficial in biochemical research (Sud & Thelwall, 2016); and 7) discussing the
good and bad of research collaborations across a range of scientific and engineering disciplines (Bozeman et al.,
2015).
Most of the work mentioned above analyzed the collaboration or research productivity patterns in an academic
discipline, but none of them examined how the two university programs and evaluation policy established by the
MOE affected research productivity and co-authorship in Taiwan. As mentioned previously, MOE established
two university programs and an evaluation policy for increasing the internationalization of Taiwan universities in
2005, and therefore, it is important that one study can investigate whether these two university programs and this
evaluation policy affects faculty members’ collaboration and productivity patterns. Moreover, Li et al. (2013)
and Burt et al. (2013) both also observe that social network analysis (SNA) is an effective way to analyze
collaborative research papers. Therefore, in this paper, we first used SNA to analyze the research productivity,
collaboration patterns, and publication strategies from a Management Information Systems (MIS) department at
a national university in Taiwan. Then, we apply D3 (2016), a well-known drawing tool to create data
visualization using JavaScript libraries, to visualize how the two university programs and the evaluation policy
affect faculty collaboration, research productivity, and publication strategies in an MIS department at a national
university in Taiwan (henceforth known as MISU). In our paper, we consider the following questions:
Q1. Do faculty members tend to publish papers alone? Or do they tend to publish co-authored papers with
others?
Q2. Do faculty collaboration patterns change with respect to their academic positions?
Q3. Do senior faculty members tend to collaborate with other junior faculty?
Q4. Do faculty members tend to collaborate with others within or across Taiwan?
Q5. Do these two university programs and evaluation policy from MOE affects the collaboration patterns?
Q6. Do faculty members place more emphasis on publishing more "quality" or "quantity" papers?
Q7. Do these two university programs and this evaluation policy from the MOE affect research productivity
patterns?
Q8. What are the publication strategies among these MIS faculty?
Q9. Are the publication strategies related to the recommended journal lists (e.g. MOST or A-list)?
On the other hand, we applied SNA and D3 to study the visualize the following: 1) the evolution of MIS faculty
collaboration patterns; 2) collaboration patterns with others within or across Taiwan; 3) collaboration patterns
according to faculty academic positions; 4) collaboration patterns after MOE introduced its two university
programs and its evaluation policy; 5) research productivity patterns among MIS faculty; 6) research
productivity patterns of senior faculty members; 7) research productivity strategies after the MOE introduced
these two university programs and this evaluation policy; 8) publication strategies after the MOST and A-lists
were created. After obtaining all of the analysis, we concluded our observations on collaboration patterns,
research productivity, and publication strategies. We believe that these observations can provide initial guidance
to MIS faculty members for their future faculty advancement and tenure decisions. In addition, we believe that
our study can be treated as an important resource for the MOE committees for future adjustments/improvements
on university programs and the evaluation policy.
The remainder of this paper is organized as follows. Section 2 of this paper discusses related work, and Section 3
describes how we collected and analyzed our data. Section 4 provides the visualization of our data. In Section 5,
we provide some discussion, followed by the conclusion and recommendations. In Section 6, we discuss the
limitations and future work.
2

ass.ccsenet.org

Asian Social Science

Vol. 13, No. 3; 2017

2. Related Work
In this section, we discuss some relevant work, which addresses: 1) social network analysis, 2) knowledge maps
and their application, 3) information graphics and data visualization
2.1 Social Network Analysis
The study of social networks has been developed to analyze social relations, and has been widely applied to
several real-life scenarios. By definition, a social network is a social structure composed of social actors, dyadic
ties, and social relationships among social actors (Liu et al., 2015). Social network analysis (SNA) first connects
the relationships between social actors, where these social actors may be referred to individuals, organizations or
family (Scott, 2002). Next, SNA analyzes the behavior of their social network activities with organizations,
interpersonal relationships, partnerships, etc. (McAndrew & Everett, 2015). According to Wasserman & Faust
(1994), SNA is an integration of social theory, observational studies, mathematical statistics, graphics, and other
scientific disciplines. Some papers have adapted SNA to study the bibliometric co-authorship network (Zhang et
al., 2014; Mena-Chalco et al., 2014), relationship between music writers and their partnerships (McAndrew &
Everett, 2015), and the relationships among social platforms such as Facebook or Twitter. Similarly, in this paper,
we also apply SNA to analyze faculty members’ research productivity, collaboration, and publication strategies.
2.2 Knowledge Maps and Their Application
Yoon et al. (2010) state that because of the rapid growth of knowledge creation, knowledge maps are an
important research tool for successful knowledge management, and have been widely applied in bibliometrics,
scientometrics, and other informatics fields (Xiao et al., 2013). Knowledge maps allow people to visualize data
that displays the progress, structural relationships, or pattern flow of scientific knowledge (Chen & Liu, 2005).
Since knowledge maps can describe the relationships between nodes, they are often combined with social
networks to investigate and analyze data. Recently, knowledge maps have been applied to several fields, mostly
library and information science and bibliometrics. Most research uses UCINET, Bibexcel, or Citespace to create
knowledge maps. The six types of knowledge maps include: 1) Two Dimensional Scientometric Map (2DSM); 2)
Three-Dimensional Configuration Map (3DCM); 3) Multi-Dimensional Scaling Map (MDSM); 4)
Self-Organizing Map (SOMP); 5) Social Network Analysis Map (SNAM); and 6) Path Finder Network Scaling
Map (PFNET). In this paper, we apply social network analysis maps (SNAM) and path finder network scaling
map (PFNET) to describe the collaboration between faculty members for our study.
2.3 Information Graphics and Data Visualization
Traditional data visualizations were originally taken from statistical graphics, and are related to information
graphics, visual design, etc. According to Ware (2012), data visualization can be classified into four types: 1)
temporal data visualization, 2) hierarchical and network structural data visualization, 3) text and cross-media
data visualization, and 4) multivariate data visualization. However, with the high multi-dimensionality and
massive quantities of data now in circulation, these traditional data visualizations cannot handle such high loads
of information. Therefore, modern data visualization would need to handle the following characteristics: 1) able
to analyze specific data, 2) has enough spatial distribution, 3) can offer high-dimensional display. Some of the
well-known data visualization drawing tools which try to solve the above characteristics are: 1) D3, 2) Bibexcel,
3) CiteSpace, 4) TDA, and 5) Ucinet. Since our study focuses on relationships and collaboration between authors,
we apply gravimetric maps and CSS from D3 for our experiment.
3. Data Collection and Foundations
In order to examine faculty collaboration and research productivity, we conducted an experiment that analyzed
all the faculty members from an MIS Department at a national university in Taiwan (which we will call MISU).
We first retrieved our data from the Ministry of Science and Technology of Taiwan (MOST), Journal Citation
Reports (JCR), Web of Science (WOS), Google Scholar, and Google. There were total of 16 faculty members in
MISU, 5 of them listed as professors, 4 as associate professors, and 7 as assistant professors. Among these
faculty members, 11 were male and 5 were female. A total of 10 professors obtained their PhD degrees in the
United States, 1 obtained a PhD degree in the United Kingdom, 1 obtained a PhD degree in New Zealand, and 4
obtained PhD degrees in Taiwan. Since our study only focuses on analyzing faculty collaboration and
productivity based on journal publications, we filtered out the conference papers from their publication lists.
After we finished collecting and cleaning data from these websites, we organized the data into the following five
relational tables: 1) authors and articles table; 2) authors and periodicals table; 3) articles and years table; 4)
authors and universities table; 5) articles and periodical table. After creating all five relational tables, we
converted the data to the D3 format, and finally used D3 to present the final results. The steps of information
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retrieval, iinformation prrocessing, and information ppresentation arre described inn Figure 1, andd the detailed steps
are describbed in the folloowing subsectiions.

Figure 1. Syystem Flow Diiagram
3.1 Inform
mation Retrievaal
Our data w
was first retrievved data from: 1) the Ministrry of Science aand Technologgy of Taiwan (M
MOST) website, 2)
the Journaal Citation Reeports (JCR) w
website, 3) thhe Web of Sciience (WOS) website, 4) thhe Google Scholar
website, annd 5) Google. There were tootal of 393 jourrnal articles puublished in MIISU from 19922 to 2016. Afte
er we
eliminatedd duplications, we had 378 ppublications leeft. Based on these 378 jouurnal publicatioons, we discov
vered
that the M
MISU faculty members
m
had ccollaborated wiith 133 MISU PhD/MS studdents, 215 peopple (including both
faculty meembers and stuudents) from oother institutions in Taiwan, and 33 facultyy members froom other coun
ntries.
From these statistics, wee can see that the MISU facculty members tend to collabborate with othhers in Taiwan
n, but
not with oothers across countries. Forr journal indeexing, we refeerred to SCI/S
SSCI informattion from the JCR
website inn 2014 and TS
SSCI informattion from the MOST websiite in 2015. A
After we finishhed the duplication
process, w
we separated thhe data into thee following atttributes: 1) yeaar; 2) article tiitle; 3) author;; 4) periodical title;
and 5) abstracting and inndexing.
3.2 Inform
mation Processing
We normaalized the data after gatheringg all of it. Sincce some of the information huuddled togetheer into one column,
we normallized and placced them the ccorrect columnns. Next, we fiixed the abbreeviation probleems for the authors
and journaal titles that weere listed in ann abbreviationn format. For ssome mistypedd information ((e.g. author na
ames,
article titlees), we fixed them
t
accordingg to the Web oof Science (W
WOS) website. Third, we de-dduped the data
a that
were displlayed more thaan once. Fourthh, we separatedd the cleaned ddata into two ddatabases: 1) aauthors databasse; 2)
periodicalss database. Fiffth, we appliedd these two daatabases and ffurther createdd four tables: 11) authors tablle; 2)
periodicalss table; 3) articcles table; 4) uuniversities tabble. Furthermore, we appliedd these four tabbles and created the
following five relationaal tables: 1) auuthors and artiicles table; 2) authors and pperiodicals tabble; 3) articless and
years tablee; 4) authors annd universitiess table; 5) articcles and perioddical table.
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3.3 Information Presentation
After we had completed the steps from Section 3.2, we next calculated the following: 1) contribution score; 2)
year score; 3) degree centrality score. After all of the calculation values, we drew our graphs using D3, a
well-known drawing tool to create data visualization using JavaScript libraries (Scott, 2012). D3 was created by
Mike Bobstock (2016) as one of many open-source projects produced with other developers, and is released
under the-three clause BSD license. D3 allows developers to use, fix, or place codes for business- or
non-business-related purposes without any cost. We use gravimetric maps and CSS to create interactive web
pages that show text functionality. The calculations used in D3 were described in the following sub-sections.
3.3.1 Contribution Score
Before calculating the contribution score, we retrieved the following attributes from our periodicals database: 1)
journal ID; 2) abstracting and indexing; 3) impact factor; 4) journal ranking; 5) ISSN. Next, we identified the
orders of authors, and set placement=1 if there was only one author in the article. Since several works believed
that the first author is usually the person who has taken the most responsibility and work (Reisenberg &
Lundberg, 1990; Kennedy, 2003; Rennie et al., 1997; Mattsson et al., 2011), we placed more weight to the first
author when there were more than one authors contained in an article. The placement is thus calculated as below:
0.5 ,
1st author
0.5
Placement
,
others
n 1
For example, if there were four authors (author A, author B, author C, and author D), and author A was the first
author, then the placement for author A was 0.5, and the places for author B, author C, and author D were all
equals 0.5/(4-1)=0.167. After that, we calculated our journal rank according to the following table:
Table 1. Journal Ranking with corresponding score
Quartile in Category
Rank

Q1
4

Q2
3

Q3
2

Q4
1

Other
0

For example, if an author published an article that belonged to Q1, then this author got score=4. Finally, we
calculated our contribution score as follows:
Contribution

Placement ∗ Rank

c

For example, if an author had a placement score=0.5, and the journal belonged to Q2, then this author would get
final contribution = 0.5 * 3 = 1.5.
3.3.2 Contribution Score with EWMA
In order to calculate and present the evolution of the faculty collaboration and research productivity, our study
further adapted Exponential Weighted Moving Average (EWMA) to calculate the contribution score with respect
to the publication year. In short, EWMA is an algorithm that orders elements according to time, and places the
weights according to recency (i.e., it places the highest weight on the most recent element, and lowest weight on
the least recent element). For example, articles published in 2016 would have higher weights compared to
articles published in 2015, and articles published in 2015 would have higher weights compared to articles
published in 2014, and so on. We calculated our contribution score using EWMA as follows:
1
Contribution ,
Contribution_EWMA
1 c Contribution_EWMA ,
1
c Contribution
Where:


c: the smoothing factor, 0 <= c <= 1



Contribution_EWMAt: the output of the contribution score with EWMA at time t



Contributiont: the current contribution score

For example, if c=0.97, and an author A published one paper as a first author in 2015, and published another
paper as a first author in 2016, then the total contribution score with EWMA would be = 0.5 + 0.5 * 0.97 =
0.985.
3.3.3 Degree Centrality Score
In order to visualize and capture the collaboration and productivity of the faculty network, we used three
network centralities (Newman, 2004) to examine the most important nodes in the faculty network: 1) degree
5
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centrality; 2) betweennness centralityy; 3) closeneess centrality. We describee each centraality in the below
b
paragraphss.
1.

Degrree Centrality

Degree ceentrality is a simplest
s
way to measure thhe most imporrtant or centraal nodes in a network, whe
ere it
basically m
measures the number
n
of neigghbors of eachh node. A nodee with a high ddegree of centrrality is likely to be
important since it mightt: 1) have moree influence onn several nodess in the network, 2) help sprread information in
the networrk faster, 3) obtain
o
more reeputation than other nodes tthat have feweer neighbors. The calculatio
on of
degree cenntrality is descrribed below:
C

C i
C n∗
N 1 N 2

∑

a

where:


CD(n*): the maximum
m
connnections in the network



N: the total number
n
of nodees in the netwoork

For exampple, Figure 2 shows that the central node hhas the largest radius, since it has several connections to
o five
other nodees. Other nodees only have oone connectionn to the centraal node. Thereffore, the CD fo
for the central node
would be:
5 1
5 2
5 3
5 4
5 5
C
1
b
6 1 6 2

F
Figure
2. Exam
mple of Degreee Centrality. S
Source: Mascollo (2012)
The range of CD is betweeen 0 and 1. W
When the valuee of CD is closeer to 1, it meanns the node hass a higher degrree of
centrality plus higher connections tto other nodees. Therefore, we use a ssimilar strateggy to measure
e the
collaboratiion between faaculty memberrs, such that w
when a facultyy member has m
many collaborrations with otthers,
he/she wouuld have a highher degree of ccentrality valuue in the netwoork.
2.

Closseness Centraliity

Closeness centrality is a way to meassure the averaage distance frrom a node too other nodes. A node with high
closeness centrality has shorter distancce to other nodes, and thereefore, it would have quicker access to the other
informatioon, to stop epiddemics or to innfluence other nodes in the nnetwork. The ccalculation of ccloseness centrrality
is describeed below:
C

∑

d C i ,j
N 1

d

where:


d(CC (i),j): thhe distance bettween current node (CC(i)) aand j



N: the total number
n
of noddes in the netw
work

Fiigure 3. Exampple of Closeneess Centrality. Source: Mascoolo (2012)
6
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Figure 3 sshows the exaample of a weeightless netw
work, where alll the edges aamong all noddes have weigh
ht=1.
Therefore,, the distance between
b
node A and node B is 1, betweenn node A and nnode C is 2, beetween node A and
node D is 3, and betweenn node A and nnode E is 4. Thherefore, the clloseness centraality of node A will be:
C
3.

∑

d A, j
N 1

1

2
5

3
1

4

0.4

e

Betw
weenness Centtrality

In a netwoork, there is at
a least one shhortest path beetween two noodes, and betw
weenness centrrality measures the
number off times that a node lies onn the shortest path between other nodes. A node with high between
nness
centrality iis very importaant, since it haas the power too control the innformation passsing between others. In addition,
these are the nodes that might disaable the comm
munications between other nodes if theyy are offline. The
importancee of knowing betweenness centrality is that we can hhave a better idea to furtheer help protec
ct the
network fr
from breaking into several disconnected subnetworks. The calculatiion of betweeenness centraliity is
explained below:
C i
C
c
n 1 n 2 /2
where:


[(n-1)(n-2)/2]]: the number oof pairs of edgges except the nnode itself

Figure 4 shhows an exam
mple of a betweeenness centraality where eacch node has a nnumber indicaating the numb
ber of
nodes thatt will get throuugh it. For exam
mple, node C llies between nnode A and nodde D, node A aand node E, no
ode B
and node D
D, and node B and node E; ttherefore, C haas value=4. Noode B lies betw
ween node A aand node C, no
ode A
and node D
D, and node A and node E; thherefore B’s value=3. Node A does not connnect any otheer pairs of node
es, so
it has a vvalue of 0. Froom this figuree, we can see that C has thhe largest valuue, and thereffore C is the most
important node in this neetwork.

Figgure 4. Examplle of Betweennness Centralityy. Source: Masscolo (2012)
4. Data An
nalysis
In this secction, we first presented
p
our graphs using D
D3. When connsidering facullty collaboratioon, we treated each
node as a pprofessor, andd each edge as the collaborattion between tw
wo professors. The radius of a node represents
as the totaal publicationss of a particullar professor; therefore, a pprofessor with more publicaations gets a larger
radius. Onn the other haand, the widthh of the edgee represents aas the numberr of collaborattions between
n two
professors. The thicker the line is, thhe more collabborations betw
ween these tw
wo professors. In the rest off this
section, w
we discussed and analyzedd the followinng: 1) facultyy collaborationn; 2) research productivity
y; 3)
publicationn strategies; annd 4) evolutionn of faculty collaboration andd research productivity.
4.1 Faculty
ty Collaboratioon
4.1.1 Degrree Centrality
Figure 5 shhows the degreee centrality of the faculty coollaboration off MISU. In thiis figure, red coolors correspond to
the professsors, blue collors corresponnd to the assoociate professoors, orange coolors corresponnd to the assiistant
professors, and light bluue colors correespond to otheers. From this figure, we cann observe that C86 was the most
important node in the neetwork, as thiss professor hadd high collaborration and reseearch productivvity with otherrs. In
addition, C
C86 had directt collaborationns with six other professors, and these six professors hadd collaborated with
five other professors, which
w
formed a large sub-nnetwork in this figure. On tthe other hand, there were four
disconnectted sub-networks in this figuure, which weere: 1) the sub--network from
m C277, 2) thee sub-network from
C50, 3) the sub-networkk from C232, aand 4) the sub--network from
m C41. The inteeresting fact w
was that C277, C50,
C232, andd C41 were alll assistant proofessors. One ppossible reasoon might be thhat these profeessors were ne
ew to
MISU, annd therefore thhey had not yyet establishedd long-term coollaborations w
with other MIISU professorrs. In
addition, C
C277, C50, annd C232 had coollaborated wiith their studennts or other proofessors outsidde from MISU
U. On
the other hhand, we noticced that C41 hhad not had anny collaboratiion with anyonne, and tendedd to publish pa
apers
independently; thus, it was hard to visualize this faculty membber in this figgure. Thereforre, we can fu
urther
7
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conclude tthat the two unniversity prograams and evaluuation policy frrom MOE had influenced moost of the facullty in
MISU to ppublish co-authhored papers.

F
Figure 5. Degrree Centrality of MISU
4.1.2 Betw
weenness Centrrality

Figgure 6. Betweeenness Centraliity of MISU
Figure 6 sshows the betw
weenness centrrality of MISU
U faculty. As w
we saw from this figure, alm
most all professors
had imporrtant roles in thhis network. In addition, wee noticed that some non-MISU professorss (indicated in light
8
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blue colors) acted as briidges to conneect the MISU nnetwork. Moreeover, we obseerved five impportant nodes in the
network: 11) C59, becausse it was the onnly way to gett to C330; 2) C
C69, because iit was the onlyy way to get to
o C59
and C330;; 3) C57, becaause it was thee only way to gget to C69, C559, and C330; 4) C63, becauuse it was the only
way to gett through C57,, C69, C59, annd C330; and 55) C105, becauuse it was the oonly way to geet to C238. Am
mong
these five important noddes, only two w
were MISU prrofessors. Thiss was an intereesting since prrofessors outside of
MISU cann still act as im
mportant nodes in the MISU
U network. Furrthermore, C559, C69, C57, C63, and C10
05 all
acted as iimportant briddges in this M
MISU networkk, such that alll communicattion from botth C330 and C238
C
sub-netwoorks would be disabled
d
if theyy were gone.
Figure 7 shhows the enlarrged view of F
Figure 6, wherre we emphasiized the surrouunding of C86. First, we saw
w that
C33 had a high producctivity, and hhigh collaborattion with C866. In additionn, we observedd that C1 did
d not
collaboratee with C86 directly,
d
but w
was connectedd with C86 vvia C33. Moreeover, C42 diid not have direct
d
collaboratiion with C86, but was indireectly connecteed with C86 viia C33. Thereffore, we spotteed that even though
C33 was nnot a faculty member
m
in MISU, it still playeed an importannt role in MISU
U. On the otheer hand, we no
oticed
that C25 w
was another im
mportant node since it acted aas an importannt bridge for C
C1, C205, and C63. Similarly
y, we
observed tthat C18 was im
mportant sincee it was the briidge to connecct C1 and C1055, and C44 waas important sin
nce it
was the brridge connectinng C42 and C1105. We can conclude that eeven though thhere were few ccollaborations with
other facullty outside of the
t country, these faculty stilll had importannt roles in MIS
SU network.
4.1.2 Closeness Centraliity
as the
Figure 8 shhows the closeeness centralityy of MISU. Ass we noticed frrom the figure,, the central red node C86 ha
highest clooseness centraality, and therefore, it has beeen placed tow
ward the center of the larger ssub-network. Next,
N
as we furthher observed from
f
this figuree, when a nodee was farther ffrom the centerr of the networrk (e.g., C330,, C42,
C186, C1336, C238, etc.)), the radius goot smaller (e.gg. C330 has a ssmaller radius compared to C57). On the other
hand, wheen a node was closer to the ccenter of the neetwork and haad a larger radiius (e.g. C86, C
C115, C205, C105,
C
C1), it hadd a greater channce to influencce or spread innformation in thhe network.

Figure 7. Enlaarged View of Figure 6

Fiigure 8. Closenness Centralityy of MISU
9
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4.1.4 Power-Law Degree Distribution of Faculty Collaboration
Figure 9 shows the power-law degree distribution of faculty collaboration. The x-axis shows the number of
faculty collaborations, and the y-axis shows the frequency. As we noticed from the figure, the faculty
collaboration followed the power-law degree distribution (Jeong et al., 2000, 2001), also called a scale-free
network. In this figure, there were only a few faculty members that had high collaboration with others (e.g. more
than 28 collaborations), and most of the faculty members had fewer than 10 collaborations with others.

Frequency

100
90
80
70
60
50
40
30
20
10
0
0

10

20

30

40 50 60 70 80
Number of collaborations

90

100 110

Figure 9. Power-Law of Faculty Collaboration
4.2 Research Productivity
Table 2. Rank of Contribution Score, Placement Score, and Rank Score
Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Placement Score
C86
C330
C57
C1
C277
C238
C105
C115
C205
C232
C41
C50
C186
C42
C207
C136

Rank Score
C86
C57
C330
C105
C1
C205
C238
C115
C41
C186
C50
C42
C232
C207
C277
C136

Contribution Score
C330
C57
C86
C1
C105
C205
C41
C238
C115
C50
C42
C232
C186
C207
C277
C136

Table 2 shows the place score, rank score, and contribution score for the 16 faculty members in the MISU
network, as their calculations were all described in Section 3.3.1. In the placement score column, we noticed that
C86 was ranked first (Placement=40.5833), C330 is second (Placement=31.0417), C57 is third
(Placement=21.6667), C1 is fourth (Placement=15.0833) and C277 is fifth (Placement=14.2917). In addition, as
noticed that from these calculation, C86, C330, and C57 were all MISU professors, and they were the first author
in most of their publications. On the other hand, C1 and C277 had slightly lower values than C86, C330, and
C57, and this might be due to the fact that most of their work was attributed to them as second or third author.
In the rank score column, we can see that the first professor, with the highest score, is C86 (Rank=117), followed
by C57 (Rank=99), C330 (Rank=86), C105 (Rank=72), and C33 (Rank=68). Besides C33, the other four were
MISU professors. Comparing both placement score and rank column, we observed that C57 was in second place
in rank score, but third in placement score. This indicated that C57 was not the first author of some of his/her
10
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work, yet these works were
w
publishedd in the top quartiles in the journal categorry (Q1/Q2 jouurnal). Nonethe
eless,
C86, C57, and C330 stilll remain the ttop three in booth placement score and rankk score, and thherefore, these
e told
us that the publications of
o these three pprofessors are all of high quaality and quanttity.
The contriibution-score column
c
shows the top ten proofessors as folllows: 1) C330, 2) C57, 3) C886, 4) C1, 5) C105,
C
6) C205, 77) C41, 8) C2338, 9) C115, annd 10) C50. Exxcept for C33,, all were MIS
SU faculty. In T
Table 2, we spotted
that C86, C
C330, and C577 reside in thee top three rankks among thesse three categoories. In additioon, we noticed
d that
C86 oftenn submitted work
w
in the Journal of Innformation M
Management, D
Decision Suppport Systems, and
Informatioon & Managem
ment; C330 oftten published iin Internationaal Journal of N
Neural Systemss and Clinical EEG
and Neurooscience; C57 often
o
published work in Deccision Support Systems and IInformation & Management.

Figure 10. Conttribution Scoree of MISU
Figure 10 shows the conntribution scorres of the MISU
U network. Coomparing this figure with Fiigure 5, we no
oticed
that C330, C57, and C886 were all siggnificantly higgher in Figuree 10, when coonsidering the contribution score
rather thann the total num
mber of publications. This confirmed thaat the two university prograams and evaluation
policy from
m MOE had influenced facculty not onlyy to focus on ppublishing "hiigh-quantity" ppapers, but also to
publish "hhigh-quality" paapers, as C3300, C57, and C886 were notable examples.
4.3 Publication Strategiees

F
Figure
11. Exam
mple of Journaal A and Journnal B Submission Pattern
In this secction, we analyzed the jourrnal titles in IInformation S
Science & Libbrary Science category from
m the
recommennded journal list from both MOS
ST (Liang, 2013; see Appendix 1) and MIISU’s
promotionn-recommendedd journal list (see Appendixx 2). When coonsidering the journal publiccation patternss, we
treated eacch node as a journal,
j
and eaach edge betw
ween two nodees as the numbber of times thhat a professorr had
publicationns in both jouurnals. If therre is a thickerr edge betweeen two nodes,, that means tthere were several
11
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professors that had published their work in both journals. The radius of a node represents the total publications of
a particular journal; therefore, if several professors published in a particular journal, it would get a larger radius.
For example, Figure 11 means that there were several professors that had previously published their work in both
Journal A and Journal B. In addition, we can see that most people tended to publish their work in Journal B, as
Journal B has larger radius compared to Journal A.
4.3.1 Observations of Overall Journal Publication
There were total of 378 papers published in 189 different journals in MISU. Due to space constraints, we only
show the top 13 published journal titles in MISU in Table 3. As we can observe from this table, the top five
publishing journals were: 1) 28 papers (7.4%) of papers published in the International Journal of Information
Management (IJIM); 2) 19 papers (5%) of papers published in Decision Support Systems (DSS); 3) 14 papers
(3.7%) published in Expert Systems with Applications (ESA); 4) 10 papers (2.6%) published in Telematics and
Informatics (TAI); 5) 9 papers (2.4%) published in Journal of Medical Systems (JMS), 9 papers (2.4%)
published in Information & Management (IM), and 9 papers (2.4%) published in Clinical EEG & Neuroscience
(CEN).
Table 3. Top 13 published journal titles in MISU
Rank
1
2
3
4
5
5
5
8
9
9
9
12
12

Acronyms
JIM
DSS
ESA
TAI
JMS
IM
CEN
OIR
ECRA
IJIM
CHB
JGIM
IJNS

Journal Title
Journal of Information Management
Decision Support Systems
Expert Systems with Applications
Telematics and Informatics
Journal of Medical Systems
Information & Management
Clinical EEG and Neuroscience
Online Information Review
Electronic Commerce Research and Applications
International Journal of Information Management
Computers in Human Behavior
Journal of Global Information Management
International Journal of Neural Systems

Count
28
19
14
10
9
9
9
7
6
6
6
5
5

4.3.2 Observations of Overall Publications from MOST and A Lists
There were total of 55 different journal titles from both the MOST and A-lists. Among these 55 different journal
titles, MISU faculty published a total of 73 papers (19.3%) in 17 different journals, all of which are shown with
publication counts in Table 4. The top five published journals were: 1) 19 papers (26%) published in Decision
Support Systems (DSS); 2) 10 (13.7%) papers published in Telematics and Informatics (TAI); 3) 9 papers
(12.3%) published in Information & Management (IM); 4) 6 papers (8.2%) published in International Journal of
Information Management (IJIM), and 6 papers (8.2%) published in Electronic Commerce Research and
Applications (ECRA). Based on the statistics results shown in this table, we concluded that the publication
strategies of MIS faculty were highly related with the MOST and A-lists.
Table 4. All 17 published journals in MOST and A-list
Rank
1
2
3
4
4
6
7
8
8
8
8

Acronyms
DSS
TAI
IM
IJIM
ECRA
JGIM
IJHCS
IJEC
JASICT
JSS
IS

Journal Title
Decision Support Systems
Telematics and Informatics
Information & Management
International Journal of Information Management
Electronic Commerce Research and Applications
Journal of Global Information Management
International Journal of Human-Computer Studies
International Journal of Electronic Commerce
Journal of the American Society for Info Science and Tech
Journal of Systems and Software
Information Systems
12

Count
19
10
9
6
6
5
3
2
2
2
2

ass.ccsenet..org
16
12
12
12
16
12

ITP
CAIS
ITM
EM
DAIS
JDM

Asiann Social Science
Informaation Technologyy and People
Commuunications of thee AIS
Informaation Technologyy and Managem
ment
Electronnic Markets
The Datta Base for Advances in Inform
mation Systems
Journal of Database Maanagement

Vol. 13, No. 3; 2017
2
1
1
1
1
1

Figurre 12. Overall jjournal publicaation of MISU
U
Figure 122 shows the overall journaal publicationns of MISU. The blue coolor indicates the journal titles
recommennded from the MOST list, thhe orange coloor indicates thhe journal titlees recommendeed from the A-list,
A
and green color indicates the journal tiitles from bothh MOST and A
A-lists. In this figure, we notticed that DSS, IM,
and IJHCS
S were in bothh MOST and A
A-lists. Next, w
we saw that D
DSS, TAI, IM, IJIM, ECRA,, and JGIM all had
radii largerr than others, meaning
m
that m
more people teended to publiish their work in these journaals. In addition
n, we
saw that thhere were thiccker edges betw
ween DSS andd IJEC, DSS aand IJIM, DSS
S and IJHCS, DSS and IM, DSS
and ECRA
A, DSS and JASICT,
J
DSS and JGIM, annd DSS and T
TAI, which m
means there were several faculty
members w
who publishedd their work inn DSS and also published ttheir work in IJEC, IJIM, IJJHCS, IM, EC
CRA,
JASICT, JJGIM, and TAI. Similarly, thhere were som
me thicker liness between IJEC and DSS, IJJCS and TAI, IJEC
and IJHCS
S, IJEC and IJIIM, which meaans there weree several facultty members who published ttheir works in IJEC
and also ppublished theirr work in DSS, TAI, IJHCS,, and IJIM. Likkewise, there w
were some thiicker lines betw
ween
IJIM and IIJEC, IJIM and DSS, and IJJIM and TAI, w
where it means that there weere several facculty members who
published their works inn IJIM and alsoo published thheir works at IJJEC, DSS, andd TAI. Therefo
fore, based on these
observatioons, we can coonclude that thhe following journals were closely relatedd: DSS, IJEC,, IJIM, IJHCS
S, IM
ECRA, JA
ASICT, JGIM, and TAI.
4.4 Evoluttion of Facultyy Collaborationn and Researchh Productivity

Figure 133. Collaborationn & productivitty 1992 – 1995

Figure 14. Collaboratioon & productiviity 1996 – 1998
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Figure 155. Collaborationn & productivitty 1999 – 2001

Figure 16. Collaboratioon & productiviity 2002 – 2004
4

Figure 177. Collaborationn & productivitty 2005 – 2007

0
Figure 18. Collaboratioon & productiviity 2008 – 2010

Figure 199. Collaborationn & productivitty 2010 – 2013

Figure 220. Collaboratioon & productiviity 2014 – 2016
6

Figure 13--20 show the evolution
e
of M
MISU faculty coollaboration annd productivityy from 1992 too 2016, where each
figure reprresents the faculty collaborration and prooductivity in eevery three yeears. The red color indicates the
professors, the blue coloor indicates the associate proofessors, and tthe orange collor indicates aassistant professsors.
The lines represented thhe collaboratioon between facculty memberss, as the thickeer lines mean more collaborration
between tw
wo professors.. On the otherr hand, the widdth of the nodde presents thee total count of publications by a
faculty meember, with a bigger
b
node inndicating more publications. From these figgures, we obseerved the following
facts:
1) The jjournal publicaation have tendded to increasee over time.
2) The pprofessor who was about to promote from
m assistant proffessor to assocciate professorr, or from asso
ociate
profeessor to professsor, would havve a significantt increment onn his/her publiccations.
3) Somee professors had
h slightly ddecreased his/hher publicatioon after he/shee had successsfully promote
ed to
profeessor.
4) The M
MOE introducced two univerrsity programss and an evaluation policy had influenced the MIS facullty to
changge their produuctivity and puublication strattegies since 20005, such as m
most professorrs had continued to
increease their publiications over tiime, and had m
more collaboraation after 20055.
5) Somee faculty mighht change their collaboration patterns with rrespect to theirr academic possition.
6) Assisstant and assocciate professorrs tend to placee more emphaasis on publishiing both "quanntity" and "qua
ality"
paperrs for faculty advancement,
a
w
while professorrs tended to em
mphasize only ppublishing more "quality" pa
apers.
14
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Figure 21 shows the oveerall faculty coollaboration annd productivityy in MISU froom 1992 to 20016. The width
h of a
node repreesents the totall publications of a faculty m
member, and thee width of a linne between tw
wo nodes represents
the total puublications bettween two facuulty members. From this figuure, we noticedd the followingg:
1) Profeessors and assoociate professoors tend to have most publicaations and colllaborations.
2) Somee professors haad indirect collaborations wiith other professors (e.g., C886 had indirectt collaboration with
C2388 and C205, because
b
C86 hhad collaborattions with C105, and C1055 had collaborrations with C238;
C
simillarly, C86 had collaborationss with C207, annd C207 had ccollaborations with C205).
nduct
3) Not aall senior facuulty would colllaborate with oother junior faaculty, as somee senior facultyy prefer to con
reseaarch alone.

m 1992 to 20166
Figuree 21. Overall ffaculty collabooration and prooductivity from

Figure 22. Ovverall faculty ccollaboration aand productivity using EWM
MA from 1992 to 2016
Figure 22 shows the oveerall faculty coollaboration annd productivityy from 1992 too 2016 using E
EWMA. The width
w
of a node represents thee overall contrribution score of a faculty m
member using EWMA, and the width of a line
between tw
wo nodes reprresents the coollaboration beetween two faaculty memberrs using EWM
MA, as the EW
WMA
calculationn was describeed in Section 3.3.2. From thiss figure, we nooticed the folloowing:
1) Compparing to Figuure 21, we obbserved that thhe width of soome professorss were significcantly increase
ed in
Figurre 22, and the reason
r
was duee to that these pprofessors tendded to publish journals in verry high rank ass first
authoor in recent years, or vice veersa. Other proofessors had abbout the same width betweenn these two fig
gures
indiccate that they were
w all consisttently using saame publicationn strategies froom time to tim
me.
2) Compparing to Figuure 21, we notiiced that the w
width of some pprofessors werre greatly increeased in Figurre 22,
and tthe reason wass because these professors ppublished moree papers in reccent periods, oor vice versa. Other
O
profeessors had aboout the same width betweeen these two ffigures meanss that they weere all consisttently
publiishing articles from time to tiime.
5. Discusssions & Concllusions
Research pproductivity has
h been alwayys an importannt part of a faaculty memberr’s job descripption, since it has
h a
great effecct on faculty promotion
p
andd tenure decissions. In addittion, some schholars believe that co-authorship
between fa
faculty membeers has a greatt impact on their academic llife and facultty advancemennt. Since 2005
5, the
MOE has developed tw
wo university programs andd an evaluation policy to im
mprove the coompetitivenesss and
15
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internationalization of Taiwan universities, and has clearly stated the strong relationship between faculty
promotion and research performance. Since them, MOST and some universities have developed recommended
journal lists to help their faculty members get more research funding. Even though several papers have addressed
research productivity or co-authorship, none of them has used social network analysis (SNA) to examine
research productivity and co-authorship under two university programs and the evaluation policy from the MOE
in Taiwan. Therefore, in this study, we first used SNA to analyze the research productivity, collaboration patterns,
and publication strategies from a Management Information Systems (MIS) department at a national university in
Taiwan. Then, we used D3 to visualize and discuss how these two university programs and the evaluation policy
from the MOE affected these patterns and strategies. We hope that our study not only provides beneficial
information to the MIS department, but can be treated as an important source for MOE committees in their future
adjustment of university programs and evaluation policies.
We analyzed and visualized the following four areas using D3: 1) faculty collaboration; 2) faculty productivity; 3)
journal publication pattern; 4) evolution of faculty collaboration and productivity. First, when we drew the
degree of centrality of MISU, we discovered that except for a few assistant professors, most of MISU professor
had direct or indirect collaboration with other MISU professors. In other words, we can confirm that the two
university programs and evaluation policy from MOE affected most MIS faculty to tend to publish co-authored
papers. Second, we had demonstrated important professors who acted as an “important bridge” in this MISU
network via betweenness centrality of MISU, and noticed that not all of the professors acting as an “important
bridge” were actually from MISU network. Third, when we analyzed the closeness centrality of MISU, we
observed that there were the MISU professors who had greater radii were placed more toward to the center of the
MISU network, and this indicated that these professors had a greater chance to influence others in the network.
Fourth, we discovered that faculty collaboration follows power-law degree distribution. Fifth, we noticed that
most of the faculty tended to collaborate with other professors within the same country. Lastly, we noticed that
even though MISU faculty only collaborated with a few professors from other countries, these professors from
other countries still played important roles in the MISU network.
Next, we analyzed MISU faculty productivity, and observed that professors with high contribution scores have
the following characteristics: 1) they tended to publish their papers as first author; 2) they tended to publish high
quantities of papers per year; and 3) they tended to publish their papers in the high-ranked journals.
When considering faculty publication patterns, we analyzed total of 378 papers from 189 different journals, and
noticed the majority of the journal papers were published in International Journal of Information Management,
Decision Support Systems, Expert Systems with Applications, Telematics and Informatics, Journal of Medical
Systems, Information & Management, and Clinical EEG & Neuroscience. Among these popular journals, we
discovered that International Journal of Information Management, Decision Support Systems, Telematics and
Informatics, Information & Management were the recommended journals from either MOST or A-lists.
Therefore, we can conclude that MISU faculty publication strategies were closely related to the MOST and
A-lists.
Moreover, we presented the evolution of MISU faculty collaboration and productivity from 1992 to 2016, and
noticed the following: 1) most of the MISU professors had continuously published articles from time to time; 2)
associate professors and assistant professors tend to focus on publishing high "quantity" and "quality” papers in
order to get ready for their promotions, while professors tend to place more emphasis on only publishing “high
quality" papers; 3) journal publications have tended to increase over time; 4) when a professor was prepared to
promote from assistant professor to associate professor, or to promote from associate professor to professor,
he/she had would have a significant increment on his/her publications at that time; 5) some professors had
slightly decreased his/her publication after he/she had successfully promoted to professor; 6) The MOE
introduced two university programs and an evaluation policy had influenced the MIS faculty to change their
productivity and publication strategies, such as majority of professors had continued to increase their
publications and collaboration since 2005; 7) the faculty might change their collaboration patterns with respect to
their academic position.
Furthermore, we evaluated the overall evolution of faculty collaboration and productivity in MISU from 1992 to
2016, and noticed that: 1) professors and associate professors tend to have most publications and collaborations;
2) some professors had indirect collaboration with other professors; 3) not all senior faculty would collaborate
with other junior faculty. We further analyzed overall faculty collaboration and research productivity from 1992
to 2016 using EWMA, and discovered that: 1) the width of some professors were significantly increased in
Figure 22 because these professors tended to publish journals in very high rank as first author in recent years, or
vice versa; 2) the width of some professors were greatly increased in Figure 22 because these professors tended
16
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to publish more papers in more recent periods but not earlier periods, or vice versa.
6. Limitations and Future Research
Even though the research has reached its aims, there were still some limitations in this study. Some of the main
limitations to be noted:
 We only analyzed the patterns of faculty collaboration and research productivity in an MIS Department at a
national university in Taiwan.
 The data drawn from the MOST website were all manually entered by each faculty member, and therefore,
there might have been some missing data (e.g., Professor A published Article 1 and Article 2, but only listed
Article 1).
 The data drawn from the MOST website were all manually entered by each faculty member, and therefore,
there might have been some mistyped data preventing the identification of faculty collaboration (e.g.,
Professor A published Article 1 with Professor B, but mistyped Professor B’s name, and Professor B’s
records were unavailable from the MOST website).
 We only analyzed faculty collaboration and research productivity based on the journal titles that belong to: 1)
Science Citation Index (SCI), 2) Science Citation Index Expanded (SCIE), 3) Social Science Citation Index
(SSCI), and 4) Taiwan Social Science Citation Index (TSSCI).
 All of the registered faculty members from the MOST website had both Chinese and corresponding English
names. However, some co-authors (e.g. the faculty or PhD students who did not have MOST accounts) might
not have included corresponding English names; for this reason, we referred to the ScienceDirect website to
retrieve missing English names.
In the future, we plan to conduct an even bigger analysis, collecting all of the publication data among all MIS
departments from all the universities in Taiwan. After having all the data processed, we plan to use SNA to
visualize and discuss how the two university programs and the evaluation policy from the MOE affect faculty
collaboration, research productivity, and publication strategies across all the MIS departments in Taiwan.
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Appendix 1.
Recommended journal list from Information Science & Library Science category of Ministry of Science and
Technology of Taiwan (MOST).
Management of Information Science Journal Ranking List
Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
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18
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23
24
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MIS Quarterly
Information Systems Research
Journal of Management Information Systems
Journal of the AIS
Decision Sciences
Decision Support Systems
Information and Management
European Journal of Information Systems
Human-Computer Interaction
Information System Journal
Journal of Strategic Information Systems
International Journal of Electronic Commerce
International Journal of Human-Computer Studies
Journal of Information Technology
Communications of AIS
Information System Frontier
The Data Base for Advances in Information Systems
Journal of Global Information Management
Information & Organization
Journal of Organizational Computing and Electronic Commerce
Information Technology and People
Information Technology and Management
The Information Society
Journal of Global Information Technology Management
Electronic Markets
Information Resources Management Journal
Journal of Information Technology Theory and Application
Electronic Commerce Research and Applications
Information Systems Management
Journal of Organizational and End User Computing
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5
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8
9
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