
Vol.:(0123456789)

Scientometrics (2021) 126:6147–6167
https://doi.org/10.1007/s11192-020-03687-z

1 3

Growing with collaboration: footprint of WISE Lab

Yue Chen1   · Zhiqi Wang1 · Kai Song1 · Deming Lin1 · Hildrun Kretschmer2

Received: 23 July 2020 / Published online: 14 September 2020 
© Akadémiai Kiadó, Budapest, Hungary 2020

Abstract
The paper explores the development of WISE Lab during the past 15 years from three 
complementary perspectives: citation aging characteristics, themes evolution and academic 
collaboration, based on the research results produced by WISE Lab. The results show 
that, the half-life of the papers in WISE Lab reaches about 5 years, and the highly cited 
papers have a longer impact than mainstream papers; WISE Lab is focused on six themes, 
“Knowledge mapping”, “Visual analysis”, “Scientometrics”, “Patentometrics”, “Infor-
mation retrieval”, and “Innovation management”, which developed alternately over time; 
WISE Lab is greatly driven by collaboration, and Prof. Liu contributed in a central way to 
the team cohesion, his academic spirit and thought influenced widely.

Keywords  WISE lab · Citation aging · Theme evolution · Collaboration · Knowledge 
mapping · Prof. Zeyuan Liu

Introduction

Webometrics-Informetrics-Scientometrics-Econometrics Lab (WISE Lab) is affiliated to the 
Institute of Science of Science and S&T Management in Dalian University of Technology 
(DUT), China, and it is a research center with the interest of quantitative analysis on science 
of science. WISE Lab was established by Prof. Zeyuan Liu and Dr. Hildrun Kretschmer 
jointly in 25th September, 2005. The prosperity of WISE Lab embodies Prof. Liu’s 
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development philosophy, that is "Measurable science, unmeasurable wisdom; International 
collaboration, collective young and old”. We commemorate him deeply with this article.

WISE Lab firstly introduced the concept and approach of “Knowledge Mapping” to 
China, and promoted the research in science of science, scientometrics and S&T man-
agement in China to a new stage, which was highly praised by Eugene Garfield as "one 
of the main scientometrics research center in the world" (2009). So far, seven full-time 
professors, five full-time associated professors and nine part-time professors or visiting 
scholars are employed in WISE Lab, and over 400 master and doctorate students have 
been educated in WISE Lab till now.

Prof. Liu’s contribution is irreplaceable as the founder and leader of WISE Lab. 
He first proposed the concept and the framework of "knowledgemetrics" (Liu 1999), 
first established a theoretical system of Chinese science of science (Liu 2006), first 
constructed the public course “Principles of Science of Science” for science and engi-
neering postgraduates in China’s university (2012), first introduced the concept and 
analyzing tools of“mapping knowledge domain”to China, and promoted greatly to the 
popularization of mapping methodology in Chinese academia. He has consistently 
devoted himself into theoretical research and discipline construction of science of sci-
ence, and founded China’s first doctoral program to cultivate China’s own doctoral stu-
dents in science of science and S&T management in 2002, and which especially pushed 
the development of scientometrics in China.

Dr. Hildrun Kretschmer, as one of the founder of WISE Lab, could not be ignored in the 
process of internationalization for WISE Lab, she and her husband, Mr. Theo Kretschmer, 
made a deep friendship with Prof. Liu. They leave their words here.

Science and Friendship
At the first COLLNET conference in September 2000, our close scientific cooperation began.
It was Prof. Zeyuan Liu who made me offer to work for the “Dalian University of Tech-

nology” these days.
The results of this cooperation were

–	 5 students of the university have successfully defended their doctorate,
–	 founding the institute “WISE LAB” at the Dalian University of Technology,
–	 organizing and conducting the “Fifth International Conference on Webometrics, Infor-

metrics and Scientometrics (WIS) & Tenth COLLNET Meeting”-2009 and “15th Inter-
national Conference on Webometrics, Informetrics and Scientometrics (WIS) & 20th 
COLLNET Meeting”-2019 in Dalian.

Many lectures by Prof. Zeyuan Liu at the 20 COLLNET conferences and the publica-
tions in the journal “Scientometrics” and the “COLLNET-Journal” have contributed sig-
nificantly to the further development of our scientific branch.

We will always remember him.

Hildrun and Theo Kretschmer
This paper firstly explores the development of WISE Lab from the general point of view 

in order to figure out its competitiveness and influence. Then, through a more in deep anal-
ysis of the aging of the papers’ citations, it highlights the research impact of the laboratory. 
Research topics of WISE Lab and their dynamics are more specifically clarified in a further 
step. Finally, the last part of the paper focuses on the collaboration trends of WISE Lab 
whilst identifying the most influential researchers of the laboratory.
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Increasing competitiveness and influence of WISE Lab

WISE Lab has gone through roughly two development periods, the initial rise period 
(2005–2010) and the steady development period (2011–2020) (Fig. 1). Over 160 national 
research projects, 15 books and 1240 scientific papers have been produced from WISE 
Lab since its establish in 2005, including 1060 Chinese papers and 180 English papers 
(Fig. 1) There are 890 Chinese journal papers and 89 English journal papers, and most of 
the papers are published in journals with high impact factors in science and technology 
management (Fig. 2).
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Fig. 1   An overview of WISE Lab publications (2005–2020. 05). For the newspaper, we also include 67 
articles released through academic official accounts on WeChat Chinese social channel since 2016
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Increasing domestic academic influence Two factors should be considered concerning 
the decreasing number of domestic conference papers showed in Fig. 1. Firstly, as far as 
some important domestic conferences would prefer to recommend several excellent con-
ference papers to publish in journals, rather than to publish them in conference proceed-
ings indexed in CNKI in recent years. Secondly, more and more WISE Lab members were 
invited to be conference keynote speakers without having to submit papers. Accordingly, 
the number seemed to decrease, but the academic influence increased by the fact.

Enhancing international academic participation The number of English papers is 
increasing significantly, especially those published in the high-quality journals and confer-
ences, especially in the fields of Scientometrics and Information Science. Some WISE Lab 
members have joined in some international academic organizations to participate interna-
tional cooperation deeper.

Emphasizing application whilst taking into account academics Applying theoretical 
research to guide practice also reflects growing to mature for an academic institution in 
a sense. With the increasing number of research projects and social media reports, WISE 
Lab is strengthening its academic and social competitiveness and influence.

Aging characteristics of citations to WISE Lab

Modeling distribution of citations to scientific papers is crucial for understanding how the 
science develops within a certain community (Brzezinski 2015). 971 journal papers out 
of all the 979 journal papers are indexed in CNKI (CNKI is the brief name of National 
Knowledge Infrastructure, which is the most famous and largest Chinese digital documents 
database) or Web of Science. The citation distribution of all the 971 journal papers from 
2005 to 4th May 2020 is showed in Figure 3, and it clearly represents a heavy tail distri-
bution that could be modelled by a power-law model. Equivalent to Lotka’s law in nature 
science and Zipf’s law in linguistics, Pareto’s law is a power law distribution with ad-hoc 
parameter settings used in economics (Gabaxi 2009). In our data set, the citation distribu-
tion is fitted well with the Pareto’s power law y = cx−r , where y is the amount of papers, x 
is the citation counts, and the two constants are c = 565.91 and r = 1.451 respectively.

y = 565.92x-1.451

R² = 0.9221
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Understanding the citation aging of papers published in different periods is of great 
significance to select appropriate citation time window for scientific research evaluation 
(Glänzel and Moed 2013). Nine-year is selected as the citation window period in this work 
according to Glänzel et al.’s (1995, 2016) research on the suitable citation time window for 
analyzing the aging process of documents in different disciplines. Additionally, we selected 
four subperiods, 2005–2006, 2007–2008, 2009–2010, and 2011–2012, to show the matur-
ing and decline process of citations through the life-time analysis. A generic matrix of life-
time analysis based on these 2 settings is shown in Table 1.

The lifetime is reflected by relative annual citation frequency (RCF) formulas are as 
follows:

where, Cij denotes the number of citations of a paper Pki (i = 1, 2, 3, 4, 5, 6, 7, 8; k = 1, 2, 
…n) in year j (j = 1, 2, 3, 4, 5, 6, 7, 8, 9) after publication, and n means the total number of 
papers published in each time slice, two years are taken as a time slice here.

In order to show the life-time trend for the papers published in recent years, we calcu-
lated the RCF of papers published in 2013–2018 respectively according to the following 
formulas:

where Kij denotes the number of citations of a paper Pki (i = 9, 10, 11, 12, 13, 14; k = 1, 
2, …n) in all the year j (j=1, 2, …, m) after publication, and n means the total number of 
papers published in each time slice, one year being taken as a time slice here.

The RCF value of each paper ranges from 0 to 1, the papers published each year are 
divided into 10 groups of equal distance (i.e. 0.5) according to their RCF value. The repre-
sentative RCF value in year i is calculated through the method of group weighting because 
of the RCF value calculated each year presents a power-law distribution, and the formula is 
following:

where MRh denotes the median RCF value of group h, and the weight of a group is taken 
as the ratio between of the number of papers in the group and the total number of papers in 
year i.

The life-time curve of citations with respect to all citations after nine years to 451 
papers published in 2005–2012 with at least one citation during the nine years after pub-
lication is showed in Fig. 4a. Here, we are more interested in the lifetime of highly cited 
papers (with more than 40 citations) in WISE Lab, because the citations of 6.6% (64/971) 
highly cited papers (detailed in Appendix 1) account for 57% of the total (9079/15944). 
Figure 4b presents the life-time of highly cited papers (solid line) vs. the papers with less 
than 40 citations (dotted line) respectively, which reveals that the maturing and decline 
process of highly cited papers with more than 40 citations is slower than those of other 
papers with less citations. The value of RCF peaks around 6–8 years for highly cited papers 
(Fig. 4b), which is significantly longer than the overall 3–5 years on average. Interestingly, 

RCFPki
=

Cij

∑9

j=1
Cij

RCFPki
=

Kij
∑m

j=1
Kij

RCFi =

10∑

h=1

MRh × wh
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this time-to-peak is also longer than the one observed for journal papers in fields of Chem-
istry, Social sciences and Engineering, ranging from 4 to 6 years to reach the peak value of 
RCF (Glänzel et al. 2016). The results indicate that the impact of the highly cited papers 
of WISE Lab papers last very significantly longer than usual, especially for the publication 

a All journal papers published between 2005 and 2012 with at least one citation.

b Highly cited journal papers (more than 40 citations) vs. journal papers with citations less 
than 40 (2005-2012).

c All journal papers published between 2013 and 2018 with at least one citation .
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years 2005–2006 and 2007–2008. The patterns of life-time curve with variable citation 
window for the all cited papers published between 2013 and 2016, as shown in Fig. 4c, are 
very similar to the ones of the cited paper published before 2013 with 9-year citation win-
dows, where the value of RCF peaks around 3–4 years after publication, while the years 
2017 and 2018 are still increasing in the first 2 year after publication.

We then investigate what topics of the highly cited papers are stretching the lifetime of 
the research in WISE Lab. For that purpose, the top 18 highly cited papers, including 15 
Chinese papers and 3 English papers, with more than 100 citations until May 12th, 2020 
are selected to make a citation timeline (Fig. 5). The numbers presented in the legend cor-
respond to the paper "No.s" of main papers presented in Appendix 1.

Three types of citation trends can be observed in Fig. 5: rising up, always alive and fall-
ing down. Three topics corresponding to the different types of citation trends are presented 
in the figure associated with their corresponding papers. As it can be observed, the papers 
focusing on the methodology of knowledge mapping are rising up, showing a sustainable 
high impact with increasing citations. The papers strengthen on the intelligence structure 
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of the figure) are build up with the help of keywords of the topic related papers using VOSviewer tool 
(VOSviewer 2020).



6155Scientometrics (2021) 126:6147–6167	

1 3

in science and technology, including hot topics and research fronts, are always alive with a 
more stable number of citations per year. Some empirical and case studies show a falling 
down trend, such as decomposition analysis on carbon emissions, mapping knowledge of 
some fields, data envelopment analysis of total factor energy efficiency, etc.

Theme evolution in WISE Lab

One of the main aims of WISE Lab during its development was the strengthening of quan-
titative study on Science of Science, taking the whole of S&T knowledge and its activities 
as the research object and exploring the basic laws of the development of S&T. In a com-
plementary way, WISE Lab was also aiming at developing S&T policy. To more clearly 
highlight the main topics dealt by WISE Lab, we choose to perform co-keywords analysis.

Firstly, the spelling errors that occurred in 1,107 papers with keywords are fixed. Sec-
ondly, the synonyms in the keywords are merged to have more consistent results. Finally, 
some generic keywords which do not provide any useful information are removed. After 
the cleaning, there are 2,602 remaining keywords in 1,107 papers. Using a co-occurrence 
threshold of 4, we used VOSviewer tool to finally build co-keywords network that includes 
160 keywords dispatching in 6 dominant topics identified by the tool as separate word clus-
ters. Around the “Knowledge Mapping”, four methodological topics, “Visualization”, “Sci-
entometrics”, “Patentometrics” and “Information retrieval”, and one applied topic, “Inno-
vation Management”. The network resulting of the co-keywords analysis are presented in 
Fig. 6.

Information retrieval

Innovation management

Knowledge mapping

Patentometrics

Visual analysis

Scientometrics

Fig. 6   Research topics around Scientometrics in WISE Lab from 2005 to 2020 (including160 nodes and 
689 links). VOSviewer tool clusters the nodes in the mapped network in such a way that a cluster comprises 
a group of closely related nodes without any overlap with any other clusters. The different identified word 
clusters (i.e. topics) are highlighted with different colors.
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In a second step, a topic dynamic evolution model is proposed to track the topics 
changes in WISE Lab during the period of 2005–2020. For that purpose, we rely on the list 
of topic words associated to the different VOSviewer’s word clusters (i.e. topics). We label 
a paper with a topic whenever it shares topic words with the said topic (same paper may 
be labeled with more than one topic). After that step, 267 papers on mapping knowledge 
domain, 192 papers on patentometrics, 323 papers on scientometrics, 162 papers on visual 
analysis, 60 papers on innovation system, and 24 papers on information retrieval are found. 
The heat βi,t of each topic i in publication year t is defined as βi,t = ni,t∕Ki . The number of 
papers in topic i in publication year t is denoted as ni,t , and the total number of papers in i 
is denoted as Ki . Fig. 7 shows the evolution of six topics according to the changing heat of 
each topic βi,t where, the research topics are represented by belt of different colors, the heat 
degree of a topic at a given year is marked with the width of the belt, and the higher the 
heat, the upper the belt position. Figure 7 presents an interesting theme evolution in WISE 
Lab with fluctuations, the details of each of the 6 research topics evolution being shown in 
Fig. 8.

As it can been seen in Fig. 7, “Knowledge mapping” represents one of the most promi-
nent topic from the beginning of the establishment of WISE Lab. Explanation of that fol-
lows: WISE Lab is affiliated with the Institution of Science of Science and S&T Man-
agement in DUT, which was founded in the 1980s and originated from the specialty of 
dialectics of nature. In the 1980s, research emphasized more on qualitative study, such as 
the philosophy of S&T, sociology of science the history of S&T, rather than on quanti-
tative study. However, the development of philosophy of science obviously could not 
meet practical requirements, and the S&T would be separated from the reality if it is only 
viewed through a simplified "ideal" model. Hence, it is a kind of fixed blind faith rather 
than a scientific point of view to compare the reality with theory. As opposite, Prof. Liu, 
the founder of WISE Lab, thought that the "Management Science" should be strengthened 
in order to make the Science of Science to be useful in S&T practice, that is, to emphasize 
its quantitative research, which would also lead this discipline to maturity. Scientometrics 
was already a well-established discipline focused on quantitative methodology, but what 
really leads Liu to turn to “Knowledge Mapping” is a piece of news issued from Ameri-
can scientists that were interested in mapping science. Said piece of news, published in 

Fig. 7   The topic evolution in WISE Lab from 2005 to 2020
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Reference News (a Chinese newspaper) at April 10th, 2004, showed that the structure of a 
research field and its development process might well be highlighted by entities connection 
analysis basing on the scientific literature. It should be noted that the research of China’s 
science of science just started from the modern science and technology system studies pro-
posed by Tsien (1979). As an important follower of Tsien’s thought, Liu decided to lead a 
new path in China’s science of science. That is why the WISE Lab’s research started from 
the link of science of science with mapping knowledge domain.

The general trend of “Visual analysis” is parallel to “Knowledge mapping” except the 
burst from 2006 to 2008 with the increase of “Scientometrics”. “Knowledge mapping” 
and “Visual analysis” are actually 2 similar topics, but they have had specific differences 
during the evolution of WISE Lab. It is interesting that “Knowledge mapping” was ini-
tially considered as mapping disciplinary structure, accordingly to the fact that scientific 
papers from existing database, such as SCI and CNKI, were taken as the major research 
object. However, driven by the leading interest in WISE Lab, namely, highlighting con-
nection between science, technology and economy, the domain of knowledge mapping was 
no longer limited to science. Consequently, WISE Lab research tends to use more terms 
related to information visualization and also exploit specific visualization tools, like CiteS-
pace (Chen 2019), which improves the visual analysis to an important extend. It also refers 

Fig. 8   Detailed views of the 6 main research topics evolution in WISE Lab from 2005 to 2018
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to keywords like “new Pasteur quadrant”, “knowledge spillover”, “innovation theory” that 
more directly relates to “Visual analysis” and consequently form a specific topic.

On its own side, “Scientometrics” has kept a steady development as an active research 
field of WISE Lab. It formed two main periods, the first rising up with the emerging of 
“citation analysis”, “hot topic”, “research frontier” and “scientific cooperation” around 
2009, and second rising up with “bibilometrics”, “altometrics”, “SNA”, and “scientific lit-
erature” around 2012 (Fig. 8).

“Patentometrics” experienced a sudden falling down during the period of 2006–2008 
and has had a new burst in 2011 due to the increase of “Management Science”, which 
promotes patentometrics research among science, technology and economy. As it can been 
seen on Fig. 8, the research of “intellectual property” and “policy tool” raise up at the high-
est ranks followed by “patentometrics” in 2016 and 2018 respectively.

“Information retrieval” formed with the emergence and development of scientific 
big data from 2007, and highlighted in recent years because many algorithms have been 
applied in this field, such as “machine learning”, “query expansion”, “learning to rank” and 
“sentiment analysis” (Fig. 8), which lead to deeper content analysis in science of science. 
Furthermore, “learning to rank” attracts more attention from 2014 to 2019, and “sentiment 
analysis” is expected to have higher growth in a near future.

Comparatively, the heat of “Innovation management” is always keeping steady trend 
with keywords such as “technology innovation”, “organization innovation”, “distribution 
theory” and “dsge model” (Fig.  8). The research on “Innovation management” is more 
theoretical and combining scientometrics and innovation management has always been an 
indispensable part of research in WISE Lab. It is expected to enrich and develop the theory 
of innovation management with the help of quantitative study.

WISE Lab collaboration with performance

The development of WISE Lab has been mainly driven by collaboration as show in Fig. 9. 
Hence, the co-authored papers account for 92.23% of all the papers, with 2–4 authors and 
most collaborations happening between teachers and students. Moreover, the co-authorship 
size has followed a steady and slow increasing trend. Finally, there are 150 different insti-
tutes, including 21 international institutes that have been cooperate partners of WISE Lab.

2.37
2.59

2.96
2.77

2.88
2.65 2.68

3.03 3.15
3.05

3.35 3.44 3.56
3.40

3.68

4.10

91.55% 91.55%

88.73%

86.67%

94.95%

92.31%

89.58%

93.98%
92.19%

97.50%

94.94%
93.75%

95.45%

93.59%

97.10%

93.90%

80%

82%

84%

86%

88%

90%

92%

94%

96%

98%

100%

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Publication Year

Co-authorship Size

Co-authorship Ratio
6.59%

35.93%
33.31%

14.79%

6.00%

2.03% 0.85% 0.08% 0.17% 0.17% 0.08%
0%

5%

10%

15%

20%

25%

30%

35%

40%

1 2 3 4 5 6 7 8 9 10 15

Pr
op

er
tio

n 
of

 p
ap

er
s

Number of authors per paper

Fig. 9   Proportion of co-authorship and distribution of the co-authorship size in WISE Lab. Here we 
exclude two papers collected by conference abstracts compilations, which are viewpoints collections, 
including respectively 30 authors and 11 authors.
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The global cooperation network produced by 1168 journal and conference papers out of 
1,240 scientific papers that are indexed in CNKI or WoS1, which involves 582 authors and 
1,811 author pairs (Fig. 10). We find out that the co-author network is remarkably centered 
on Prof. Liu, as well as some sub-communities being centered on some other WISE Lab 
members revolve around Prof. Liu as satellites.

Generally, a closely connected research team with a strong cooperation network will 
lead to more cooperative behaviors, easier knowledge flow and better team performance, 
while a loosely connected research team often faces to some problems such as the lack of 
information, the lack of emotional support and the lower job satisfaction.

Three indicators, Average Degree <K>, Average Distance <D>, Average Betweenness 
<B> and Average Cluster Coefficient <C> are used for reflecting the structure of WISE 
Lab collaboration networks, and the formulas are expressed as following:

where N denotes the number of nodes, and L represents the number of edges.

where dij denotes the length between two nodes.

Average Degree ∶ ⟨K⟩ =
∑N

i=1
degree(i)

N
= 2L∕N

Average Distance ∶ ⟨D⟩ = 1
1

2
N(N + 1)

�

i≥J

dij

Fig. 10   Global co-author network of WISE Lab mapped by VOSviewer. The size of the circle is directly 
proportional to the betweenness of the node, and the same color indicates that the research topic is similar.

1  Because we focus on co-authorship, we chose to remove the papers that appear as isolated nodes in the 
network. These papers represent 72 of the 1240 initial papers exploited to build up the network. So, we 
finally only consider the 1168 remaining ones.
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where �ij is the total number of shortest path from node i to node j and �ij(v) is the number 
of those paths that pass through v.

Clustering coefficient is introduced by Watts and Strogatz (Watts and Strogatz 1998). 
For a given node i the local clustering coefficient is the number of triangles connected to 
this node ||C3(i)

|| divided by the number of triples centered on it:

where ki is the degree of the node i. The Average clustering coefficient ⟨C⟩ for the whole 
graph is the average of the local values:

Average Degree <K>, which gives the average number of links per node, is a good 
quantitative measurement for connectivity of a graph. Hence, it can show how many col-
laborators an author has on average; Average Distance <D> is defined as the average num-
ber of steps along the paths for all possible pairs of network nodes. It is a measure of the 
degree of dispersion of each node on the network; Average Betweenness <B> illustrates the 
degree of the closeness of the global network; Average Cluster Coefficient <C> is defined 
as the average of the local clustering coefficients of all the vertices, which measures the 
extent to which my friends are friends with one another.

The results of these measures are listed by research topic in Table 2. For the global net-
work, the distribution of degree fits the power-law, the average distance is 4.3636, the aver-
age cluster coefficient being 0.8937, therefore the co-author network is a small-world and 
a scale-free network (Barabási et al. 1999; Newman and Watts 1999; Watts and Strogatz 
1998).

The co-author network of the 6 WISE Lab topics all have approximate features 
(Table 2). Except for “Information retrieval”, for all the other topics, the average degrees 
are all less than 3.0, the average distances are all around 3.5, the average cluster coefficients 
are all more than 0.8, the average betweennesses distribute in the range from 0.32 to 0.42 
and the degree distributions fit the power-law. Accordingly, they are all small-world and 
scale-free networks. The co-author network of the research topics Information Retrieval is 
the smallest network, as well as each author has 3.3214 cooperators, the average distances 
are 2.9502, the average cluster coefficient is smaller than others, the average betweenness is 
larger than others, and the degree distribution also fits power-law.

On one side, not only the global co-author network but also the disparate co-author 
networks for different research topics of WISE Lab are all small-world and scale-free 
networks. It means that the cooperation of WISE Lab is extremely compact, the coop-
eration links being focused on some core authors, those being connected by some other 
authors with high betweenness. Moreover, the co-authorship is changed in accordance 
with the transformation of research themes. On the other side, the cooperation with excel-
lent scholars outside of WISE Lab also affects the research themes, the cooperation with 
Prof. H Kretschmer, Prof. Chaomei Chen, Prof. Wolfgang Glanzel, Prof. Ronald Rous-
seau, Prof.  Jean-Charles Lamirel, Prof. Jin Chen, Prof. Hongfei Lin, et  al. improves the 

Average Betweenness: ⟨B⟩ =
�

i≠v≠j

�ij(v)

�ij

Ci =
2||C3(i)

||
ki(ki − 1)

Average Cluster Coefficient ∶ ⟨C⟩ =
∑N

i=1
Ci

N
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development of WISE Lab in Scientometrics, visualization, innovation management, infor-
mation retrieval and machine learning. Prof. Liu bridged the global cooperation network as 
an important scholar with high rank of betweenness in WISE Lab.

Team cohesion, as the foundation of team competitiveness, is one of the key factors for 
the team performance. Carron et al. (1985) described the cohesion as the dynamic process 
of a group uniting and maintaining the overall tendency in the process of pursuing group 
goals. In social network analysis (SNA), the harmonic mean of the entries in the distance 
matrix (that is the normalized sum of the reciprocal of all the distances) is a distance-based 
cohesion measure called compactness. This has a value of 1 when the network is a clique 
(everyone is adjacent) and zero when the network is entirely made up of isolates. In an 
undirected network, the following formula is used for calculating the compactness value:

where dij denotes the distance between node i and note j. Usually, the number of papers, 
citations, and H-index, etc. is usually used to evaluate a scientist’s performance, but here 
we are more interested in Prof. Liu’s contribution to the team cohesion. Accordingly, the 
indicator Ci that measures the contribution of the member i to the team cohesion C is cal-
culated as the network compactness change when ignoring member i in the network. The 
results are showed in Table 3.

Prof. Liu has the highest Civalue (0.031), indicating that he contributed the most to the 
cohesion of the co-authored network of WISE Lab. In addition, Prof. Liuis not only the 

C =

n(n−1)

2
∑n

i=1

∑n

j=i+1

1

dij

Table 3   Members’ contribution to the team cohesion (ranked by C;) compared with H-index, number of 
highly cited papers (Num-highly) , citations per paper (CPP) and number of papers (Num-papers)*

* We only count the 1168 journal and conference papers indexed in CNKI and WoS
** We only list the 15 full-time researchers of WISE Lab, denoted by the member code “M1”, “M2”, ..., 
“M15”, which is listed in order of the value of cohesion Ci

Member code** Ci H-index Num-highly CPP Num-papers

M1 (Prof. Liu) 0.031 36 29 30.40 280
M2 0.029 20 6 8.01 160
M3 0.025 13 2 23.66 113
M4 0.024 17 4 6.53 162
M5 0.021 19 11 12.03 140
M6 0.016 8 0 6.35 23
M7 0.015 8 1 7.89 36
M8 0.014 23 11 16.02 127
M9 0.014 25 11 27.83 107
M10 0.012 9 1 7.11 35
M11 0.010 20 10 41.73 81
M12 0.008 14 3 26.54 80
M13 0.008 16 4 10.10 80
M14 0.003 4 0 2.38 16
M15 0.001 9 1 4.75 52
C (all members) 0.351 48 64 13.86 1168
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most productive author of WISE Lab, who has published 280 papers2 (in journals and con-
ferences) indexed by CNKI and/or WoS, but also a very high impact researcher, whose 
H-index is 36, and an average number citations per paper of 30.40.

Conclusion

The rapid development of WISE Lab in the past 15 years looks like a miracle. Hence, 15 
books and 1240 scientific papers have been produced since its establishment in 2005. The 
largest share (71.8%) of the 1240 produced papers is published in high impact domestic 
journals, which are indexed in CNKI, and international contribution indexed in WoS also 
account for 10.1%.

Our life-time analysis revealed that the research results of WISE Lab have great vital-
ity, particularly for the highly cited papers for which the maturing and decline process of 
citations is much slower than that of the mainstream papers, as well as it is much slower 
than that of general scientific domains like related social science domain, indicating their 
important impact.

Additionally, we have shown that highly cited papers could be divided into three cat-
egories with different citation distribution patterns. On the one side, the papers focusing 
on the methodology of knowledge mapping show a sustainable high impact with increas-
ing citations, showing the prominent impact of this important research domain for which 
WISE Lab has clear leadership. On the other side, the papers strengthen on the intelligence 
structure in science and technology are always alive with a more stable number of citations 
per year, while some empirical and case studies show a falling down trend.

Our analysis of the theme evolution of WISE Lab from 2005 to 2020 revealed that the 
research topics of the all the papers published by WISE Lab could be divided into main 
topics, those being “Knowledge mapping”, “Visual analysis”, “Scientometrics”, “Patento-
metrics” and “Information retrieval”, and “Innovation management”. While the all 6 topics 
have evolved over time, “Knowledge mapping” and “Scientometrics” topics both showed 
a burst in 2005, because WISE Lab began at that period the quantitative research with 
knowledge mapping methodology from the perspective of mapping the structure of mod-
ern science and technology, which itself corresponded to a philosophical understanding of 
knowledge mapping. In recent years, with the development of big scientific data, WISE 
Lab focused more on altmetrics and machine learning, which alternatively promoted the 
development of “Scientometrics” and “Information retrieval” research topics.

Finally, our analysis of co-authorship of WISE Lab showed that the operating mode of 
WISE Lab is greatly driven by collaboration, 92.23% of all the papers being co-authored 
and the co-authorship size having a steady and slow increasing trend. Our construction of 
the global co-authorship network also clearly highlighted that Prof. Liu has been the cen-
tral actor of the laboratory surrounded by some sub-communities being centralized to some 
other WISE Lab members as the satellites. We additionally performed a team cohesion 
analysis on co-authorship network that permitted us to confirm that Prof. Liu contributed 
the most to the team cohesion of WISE Lab. This new part of our work thus led us to show 
that Prof. Liu played a very central role in the laboratory construction and development.

2  As a member of WISE Lab. The papers of Prof. Liu published before 2005 are not considered here.
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The principle “Learn to be an Excellent Teacher; Act as an Exemplary Person” was 
practiced by Prof. Liu for his whole life. He has influenced many scholars by his persistent 
pursuit for the course of Science of Science, his meticulous spirit for academic work, and 
his self-discipline and generosity. He is not only a respected mentor and colleague, but also 
a greatly admired friend to the academia. Prof. Liu’s sudden passing means a major loss 
for WISE Lab, and the shock on the entire team is significant. But fortunately, Prof. Liu 
has been the soul of WISE Lab, a good cooperation development trend has been formed in 
WISE Lab, and we are confident that the team will inherit Prof. Liu’s academic thoughts 
and spirits to promote the development of WISE Lab continuously.

Acknowledgments  We greatly appreciate Professor Jean Charles Lamirel for his insightful and constructive 
suggestions and revisions on the structure and linguistic of the manuscript.

Funding  This study was funded by Economic and social development Foundation of Liaoning Province 
(Grant No. 20201slktyb-012).
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See Table 4.
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