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Abstract-- This paper defines the meaning of scientific research 
team, and selects the WISE Laboratory in Dalian University of 
Technology as a research team sample. By constructing a multi-
value matrix and co-operation network, this paper apply social 
network analysis to analyze the close degree of cooperation in 
research team sample. This paper uses a method which contains 
six indicators -- network structure, network density, 
compactness, average distance between points, cliques analysis 
and centrality analysis to evaluate the internal close degree of 
cooperation in research team. From the analysis results, authors 
find that these six indicators can better reflect and explain the 
close degree of cooperation in research team, and conclude the 
network characteristics in a research team with high internal 
close degree of cooperation. 
Keywords-- Research team; Close Degree of Cooperation; Social 
Network Analysis; WISE Laboratory 

I. INTRODUCTION 
Nowadays with the growing trend of globalization, it is a 

common phenomenon that researchers cooperate with each 
other in scientific research. Many first-class researches are 
completed by different researchers with close cooperation 
work. With the formation of effective research team, the 
research team can share the scientific research resources .It 
can help to improve scientific productivity, promote the 
innovation in scientific research and maximize the 
effectiveness of the research team. Therefore, by measuring 
the close degree of cooperation in scientific research team, we 
can pay close attention to the cooperation within the research 
team, and we can give an important reference points for the 
research team in the optimization of the configuration 

II. RELATED WORKS 
With the development of research methods in the fields 

of social network in recent years, a number of research 
monographs [1, 2] are emerging. In the field of 
scientometrics, many studies apply the methods of social 
network analysis to the phenomenon of research cooperation 
[3-7]. By constructing a matrix of cooperation among team 
members, Zhang [8] applied social network analysis (SNA) 
and UCINET software to evaluate the cooperation of teams. 
This method can evaluate the effectiveness and potential of 
cooperation in research team. Ming [9] analyzed the network 
structure, centrality, intermediary in sports research 
cooperation and discussed the network structure, the role of 
core members, and flow paths of knowledge in Chinese sports 
research teams. Feng[10] studied the network location and the 
knowledge sharing behavior of members in the university 
research team. Yang [11] studied the relationship among of 
cohesion, group structure and the overall performance of 
information system development team from the perspective of 
social network. Jesus [12] showed that members of a solid 
research team had more competitive advantage than those in 

non-solid one from experiment. Jose [13] studied how the 
close degree of the team of scientists and social integration 
affect the individual behavior and performance of scientists. 
The factors included the productivity, influence, prestige, 
cooperation model, participation in research projects, and the 
contribution in training of junior researchers of scientists. 
There are many researches in scientific cooperation, but there 
are few studies of members’ cooperation in research team. 
Moreover there are no unified indicators in analyzing the 
network attributes of close degree of research team. 

III. THE DEFINITION OF RESEARCH TEAM 
In the early days, because of the poor condition of 

communication, transportation and other factors, many 
scientific researchers studied separately. However with the 
expansion of scientific research activities, the human instinct 
for collaboration has been reflected in scientific research. 
Scientists and a variety of people interested in science began 
to study and discuss a number of scientific issues and 
established some scientific community and organizations [14]. 
Various types of scientific research team are gradually 
becoming the basic unit in research, so the researchers will 
never go it alone. They can rely on the team, and make a 
greater research. Jiang [15] defined the following 
characteristics of a team according to the definition of several 
scholars: (1) team members share a common commitment and 
goals. (2)The team is a group which is consisted of two or 
more members who have complementary relationship. (3) 
Team members cooperate and interact with each others in the 
process of completing organizational goals. They have a 
certain division of roles. (4) The team can achieve greater 
goal than the sum of individual members’ performance. Jesus 
[12] defined that research team is a collection or cluster of 
two or more people belonging to a single research unit 
(department, laboratory, etc.), with common scientific 
interests and objectives, working on one or more common 
lines of research, sharing tasks and resources in order to 
achieve their objectives, usually publishing together, and 
having a certain degree of economic and decision-making 
autonomy. 

In this research, the research team is defined as a 
research group consisting of two or more research members. 
They have a common research goal, share some of the 
research task and share certain resources. The team members 
have a relatively strong and stable relationship of cooperation. 
They can rely on a certain entity organizations (such as an 
institution, department, laboratory, etc.), or can be 
subordinated to some non-entity organizations (such as work 
together in research projects, engaged in cooperation research 
of a single or multiple topics, etc.). 
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IV. THE INDOUCTION OF WISE LABORATORY 
WISE LAB of Dalian University of Technology is an 

international lab established in September 21, 2005. ‘WISE’ 
is combined by four capital letters of ‘Webometrics’, 
‘Informetrics’, ‘Scientometrics’ and ‘Econometrics’.  

Its basic tasks are developing basic scientometric 
theory, exploring creative approach in scientometrics, 
discovering the basic laws of development and relationship in 
science, technology, economy and society to be a strong 
support of science studies; expending the application-oriented 
research of scientmetrics to offer scientific evidence to 
national S&T policy and strategy; taking part in international 
academic exchange actively, strengthening international 
collaboration, following up research fronts in scientometrics, 
translating famous foreign works, being an academic bridge 
between world and China in the field of scientometrics and 
science studies; establishing the website of WISE LAB, 
promoting the academic exchange on line; diffusing and 
extending the knowledge of scientometrics, being a training 
center to cultivate person with abilities of scientometrics in 
China.  

V. METHODOLOGY AND DATA 
Currently many analyzing methods of scientific 

collaboration networks measure the level of cooperation by 
constructing matrix value of researchers’ paper collaboration. 
Most of the measurements of scientific collaboration networks 
analysis from the indicators including network structure, 
network density, cliques analysis and centrality analysis and 
others respectively. However the measurement methods don’t 
integrate with each other. And the measurement indicators 
have no uniform standards and the meanings of indicators are 
explained unclearly in measuring the internal cooperation of 
research teams. There is still no unified method to measure 
the close degree of cooperation in research team at present. 

From the definition of research team and the 
understanding of the close cooperation, a team with close 
cooperation has more close structure in the internal 
cooperation network than the team with loose cooperation. 
There are more cooperation connections among the members 
in the research team. And there are less distant relations of 
cooperation. By observing the relevant property in the internal 
network of cooperation, we can evaluate the close degree of 
cooperation in a research team. We consider that we can use a 
series of indicators such as network structure, network 
density, compactness, cliques analysis and centrality analysis 
to measure the close degree of cooperation in a research team. 
And we can study those indicators’ actual effect in evaluation. 
At last we can find a good way in quantitative analysis of the 
cooperation in a research team. These are the main concern 
contents in this research. 

In this research, we use the relevant properties of 
cooperation network to analyze the close degree of 
cooperation in research team by constructing the cooperation 
matrix and network of co-author papers. The cooperation 
network of research team is composed of papers’ authors. 
Each author is defined as a point. If two authors have co-
author papers, there will be a link between two points of co-
author. And the number of co-author papers will mark in the 
cooperation matrix. The analysis method of this research is 
shown in Figure 1. Firstly we construct a binary matrix / 
multi-value matrix. Secondly we construct the cooperation 
network and select the indicators such as network structure, 
network density, compactness, Average distance between 
points, cliques analysis, centrality analysis and so on to 

analyze the close degree of cooperation in a research team. 
Finally, we will conclude the analyze results. 

 
Figure 1. Analysis method of close degree of cooperation in a 

research team 
This research selects WISE Laboratory in Dalian 

University of Technology as the research team's sample and 
uses Chinese published papers as data set. We get the team 
members list from the website of WISE Laboratory [16], and 
search the published papers of WISE Laboratory members for 
the Academic Literature Full-text Database in Chinese 
National Knowledge Infrastructure(CNKI) (search date: June 
21, 2010). After that we mark the number of each member 
and construct co-authors matrix (a total of 23 members, 
sequentially numbered from P1 to P23). We also count out the 
number of papers of every two authors for constructing multi-
value matrix A. Finally we use UCINET [17] as a tool and 
analyze the close degree of cooperation in WISE Laboratory 
through the indicators of social network analysis. 

VI. ANALYSIS ON THE CLOSE DEGREE OF 
COOPERATION IN WISE LABORATORY RESEARCH 

TEAM 
A. Network Structure Analysis 

Star structure and mesh structure (Figure 2 and Figure 3) 
are the basic types of scientific collaboration networks. We 
usually can see these two types in the collaboration network 
of various research teams. In the cooperation network of a 
research team, the most effective network structure is usually 
mesh structure (Figure 3), and no isolated point in the 
network. We can see that the star network is not the perfect 
structure for maintaining the cohesion of research teams’ 
cooperation. If some problems were happened in the internal 
cooperation of a research team and the problem would lead to 
the disconnection points in the center of star network, the 
cooperation network maybe disintegrate and the close degree 
of cooperation will decrease rapidly in a research team. By 
contraries, the mesh structure network has the formation of 
more closely association in every network point. Once a point 
in the network was cut out, the other points can still connect 
together closely. The cutting point just has a little effect in the 
cooperation network of a research team. The mesh structure 
guarantees the cohesion of the network. In addition, the 
cooperation network also does not allow the existence of 
isolated points in a effective research team. Because 
according to the definition of a research team, team members 
must have a relatively close relationship of cooperation with 
each other, the isolated points can not be allowed to exist. If 
there is an isolated point, we can consider it as a invalid 
member. When restructuring the research team, the team 
managers should exclude the invalid members or enhance its 
cooperation connection with other team members. Moreover, 
the higher complete degree of network structure cooperation 
is, the higher close degree of cooperation in the research team 
will be. 
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Figure 2. Various types of star network 

 
Figure 3. Mesh structure network  

The cooperation network of WISE LAB team (Figure 4) 
is draw out by the UCINET software based on multi-value 
matrix A. The nodes in the network represent paper authors 
and the links between the nodes represent the numbers of 
cooperation papers. If every two authors has the cooperation 
papers, their nodes will have links. Meanwhile, the more two 
authors have cooperation papers, the thicker their nodes have 
the connection link. By analyzing the network structure, we 
can see that the network structure of cooperation in WISE 
LAB is mesh structure. The left side in network graph has 
higher degree of interleaving, and the right side was looked 
like star structure locally. However, the thick links in the right 
side show the high cooperation strength among few author 
nodes, and there is no isolated node in the network. Therefore, 
we can consider that WISE LAB team is established based on 
a relatively close relationship of mutual cooperation and this 
research team has higher close degree of cooperation . 

 
Figure 4: Cooperation network of WISE LAB team 

B. Network Density Analysis 
The density of a network is the ratio of actual numbers 

lines to the maximum number of lines theoretically in the 
network. The density is an important variable in the structure 
of a group. There are more cooperation behaviors in the teams 
with cohesion cooperation. Meanwhile, the knowledge is 
communicated more easily and the performance can be better 
in these teams. Contrarily, the teams with loose cooperation 
have less information communication, less emotional support 
and lower satisfaction of the job [9]. By analyzing the 
network of multi-value matrix A we get the following results 
in table 1. 
Table 1. Network density indicators of multi-value matrix A  
Avg Value Std Dev Density     No. of Ties 
1.2016 2.8774 0.2767 140.0000 

The average value of cooperation in WISE Laboratory 
team (Avg Value) is 1.2016. It means that every two members 
in the team have 1.2016 cooperation papers averagely. The 
standard deviation value (Std Dev) is 2.8774. It represents the 
fluctuations of the numbers of cooperation papers in every 
two members. The more different in the numbers of 
cooperation papers in every two members, the higher Std Dev 
values is. The network density value (Density) is 0.2767, 
representing that every two network nodes has 0.13835 
connect lines averagely. it also means that there is 1.3835 
pairs of cooperation relationship in every 10 pairs of 
members. The number of relationship (No. of Ties) is 140, 
representing that there are 70 lines in the network. It also 
means that 70 pairs of members have the co-author 
relationship in the teams (there are 253 pairs of network 
nodes, so the cooperation pairs of members account for 
27.67% of the total pairs of members.) 

Among these four indicators, Avg Value, Density and 
No. of Ties have positive correlation with the close degree of 
cooperation in a research team. The higher these three 
indicators value, the higher close degree of cooperation in a 
research team. When the value of Density is higher, Std Dev 
has negative correlation with the close degree of cooperation 
in a research team. Because the higher value of Std Dev, the 
more centralized cooperation in several members. While 
cutting off the several core members, the close degree of 
cooperation will be decrease sharply. Contrarily, if the value 
of Std Dev is lower, the value of the network density will only 
have a little change when removing each of the member in the 
team. Generally speaking, a research team with higher close 
degree of cooperation should have higher value of Avg Value, 
Density, No. of Ties and lower value of Std Dev. 

C. Network Compactness Analysis and Average Distance 
between Points 

Widmeyer [18] defined the cohesion as that: "In the 
process of pursuing goals, the cohesion reflects that the 
members of a group find staying together to be in mutual 
interest." they described cohesion as a dynamic process, not 
static cohesion. In UCINET, there is a analysis indicator of 
cohesion (Compactness). Its value is between 0-1. The larger 
this indicator, the more cohesion of the overall network [19]. 

Firstly we analyze the Compactness of multi-value 
matrix A .we find out that the value of Compactness is 0.609 
and the average distance between points is 1.901 based on the 
Adjacency distance calculating. In this calculating type, 
UCINET software will automatically change the multi-value 
matrix into a binary matrix for processing. Secondly we try to 
remove the P1 which is the central point in the network out of 
the multi-value matrix A, and we analyze the results again. 
We find that the Compactness decreases to 0.405. The value 
decreasing sharply proves that P1 has an important role in the 
cohesion of the team. Meanwhile, the WISE cooperation 
network divides into two sub-networks when the P1 has 
moved out, so we can not calculate the average distance 
between points. Thirdly, we try to remove the P18 which is 
the edge point in the network out of the multi-value matrix A. 
We find that the Compactness increases to 0.630. The 
increasing value proves that the edge point of the network has 
negative effect on the cohesion of the research team. 
Moreover, the average distance between points increases to 
1.818, which proves that the cooperation path of the network 
has shortened when removing out the edge points. We can see 
the change when some points were removed in 
Table2.Therefore, the Compactness and the average distance 
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between points in the network can be indicators of measuring 
the close degree of cooperation in a research team. These two 
indicators means that when we construct or reconstruct a 
research team we should consider that keep the members who 
have positive effect value and move out the members with 
negative effect value, or take action to change the members 
with negative effect value into positive ones. By improving 
the value of these indicators, we can improve the cohesion of 
a research team, shorten the path of cooperation and increase 
the close degree of cooperation. 

Table 2. The Compactness and Average distance 
between points in WISE LAB team cooperation network 

 WISE LAB 
cooperation 
network 
(multi-value 
matrix A) 

P1 was 
removed in 
WISE LAB 
cooperation 
network 

P18 was 
removed in 
WISE LAB 
cooperation 
network 

Compactness 0.609 0.405 0.630. 
Average 
distance 
between 
points 

1.901 the network 
was divided 
into two sub-
network 

1.818 

D. Network Cliques Analysis 
One of the major concerns of social network analysis is 

identification of cohesive subgroups of actors within a 
network. Cohesive subgroups are subsets of actors among 
whom there are relatively strong, direct, intense, frequent, or 
positive tie [20]. In UCINET, we can measure the close 
degree of cohesive subgroups in a research team by using the 
cliques analysis. At present, there are many ways in analyzing 
the cohesive subgroups, however Liu [21] think that: In 
analyzing the cohesive subgroups, we should firstly analyze 
cohesive subgroups with strict definition. After that, we can 
analyze cohesive subgroups in loose definition. For example, 
we can analyze the cliques firstly. if there is no cliques in the 
network, we should further analyze the n-cliques, n-clans, k-
plex, k-core, component, Lambda set and so on. 

The research team generally has close relationship of 
cooperation, so we can find the cohesive subgroups easily 
through the cliques analysis. In this research we select the 
cliques analysis to analyze the cohesive subgroups. In the 
cliques analysis of multi-value matrix A, we set the minimum 
size of cliques members into 3. We find 20 Cliques in this 
network (Table 3). 

Table 3. WISE LAB team Cliques 
Cliques No. Memebers 

1 P1 P6 P7 P11 P17 P19 P23
2 P1 P6 P7 P11 P12 P19 
3 P1 P4 P6 P7 P11 P12 
4 P1 P5 P6 P7 P19 P23 
5 P1 P5 P6 P7 P8 P23 
6 P1 P4 P5 P6 P7 
7 P1 P6 P7 P8 P17 P23 
8 P1 P3 P5 P6 
9 P1 P3 P6 P12 
10 P1 P2 P14 
11 P1 P2 P15 
12 P1 P4 P9 
13 P1 P9 P21 
14 P1 P9 P22 
15 P1 P10 P19 
16 P1 P12 P16 P19 
17 P1 P8 P16 

18 P1 P3 P21 
19 P1 P12 P22
20 P3 P5 P13 

In a network, a clique is a maximal complete sub-
network which includes at least three points. It means that 
every two points in the cliques connect with each other. 
Therefore, if we find fewer cliques in a network, but the 
cliques include many members, we can consider that there is 
close cohesion in the network. In addition, if we find many 
cliques in a network, but the cliques include several members, 
we can also consider that there is close cohesion in the 
network. Contrarily, if we find fewer cliques in a network and 
fewer members in the cliques, we can consider that the 
network structure is loose. According to the cliques in Table 
2, we can see that there are many cliques in the WISE LAB 
team network and fewer members in the cliques. We believe 
there is higher close degree of cooperation in WISE LAB 
team.  

Meanwhile, we find that P1 has close cooperation 
relationships in 19 cliques. We believe P1 is the core member 
in the team and P1 play an important role of cooperation and 
exchanging information among cliques. We also find that two 
members (P18, P20) are not included in any of the cliques .it 
means that anyone of these two members hasn’t effective 
cooperation with each other two members, and they has loose 
cooperation relationship with the team. So they should 
strengthen the cooperation research with the others members 
in the team. 
E. Network Centrality Analysis 

Centrality analysis is one of the key issues in the 
research of social network analysis. It can measure the central 
status of individuals or organizations in the social networks. 
We can analysis the close degree of cooperation in a research 
team from point centrality, betweenness centrality and 
closeness centrality of members or the whole team. These 
three types include centrality of every point and centralization 
of a graph. We can find the core members in the team through 
the analyzing of centrality of every point. in the meaning of 
sociology, these core members is the people of the highest 
social status and have the most power in the organizational 
behavior. The ones who has high value of centrality has an 
important status in the team. Centralization of a graph doesn’t 
like the network density. It represents the focus of power in 
groups. Just like that the team interaction or cooperation 
focused on the minority members. The higher the value of 
Centralization in a graph, the more difficult share and 
communicate the knowledge in the team. 

We analyze the point centrality, betweenness centrality 
and closeness centrality of multi-value matrix A and conclude 
three centralizations of the WISE LAB team network (Table 
4). We also add the value of centralizations of star network 
and ring network/ complete network in table 4 so that we can 
easily compare the centralizations. 

The values of centralization of the star network is 100% 
and the values of ring network / complete network is 0%, so 
we can see that the WISE LAB team cooperation network is 
not exactly a form of star network or ring network / complete 
network from the data of table 4. The structure of WISE 
network just like the aforementioned analysis is mesh 
structure and does not fully meet the condition of complete 
network. We believe that the values of centralization in table 
4 can reflect the interleaving degree of the network. We 
consider that as a research team, its values of centralization of 
cooperation network should not be too high. If the values of 
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centralization are too high, the power, resource and 
achievement of the team will more concentrate into several 
members in the team. The higher centralization may do harm 
to the development of the whole team, and affect the close 
degree of cooperation in the team. Therefore, a research team 
with higher close degree of cooperation should try to lower 
the values of centralization. 

Table 4. Values of centralization  
types of 

network   
centrali- 
zation of  a 
graph 

WISE LAB 
team 
cooperation 
network 
(multi-value 
matrix A) 

star 
network 

ring 
network/ 
complete 
network 

point centrality 38.60% 100% 0% 
betweenness 
centrality 

54.49% 100% 0% 

closeness 
centrality 

71.95% 100% 0% 

V. CONCLUSION 
This research use six indicators including network 

structure, network density, compactness, average distance 
between points, cliques analysis and centrality analysis to 
analyze the internal close degree of cooperation in a research 
team. However it is not limited to these six indicators when 
we measure the internal close degree of cooperation. Besides 
these six indicators maybe measure other aspects in the team’s 
cooperation network. In the analysis above, these six 
indicators can better explain and reflect the internal close 
degree of cooperation in a research team. Moreover, we 
conclude the network characteristics in a research team with 
high internal close degree of cooperation through the analysis 
of these indicators: (1) mesh network structure; (2) higher 
value of Avg Value, Density, No. of Ties and lower values of 
Std Dev in the analysis of network density; (3) higher value of 
compactness and lower value of average distance between 
points in the analysis of cohesion; (4) shorter average distance 
between points; (5)in the cliques analysis, there are several 
cliques with more members in the cliques or more cliques 
with several members in the cliques (6)lower values in every 
centralization of  the network. 

It is not enough to entirely measure the close degree of 
cooperation in research team only using these six indicators 
mentioned above. Therefore in the further study, we can also 
extend this research from the following aspects: such as 
comparison of members cooperation between inside and 
outside of the team; comparison of team members’ papers 
between personal and co-author papers; further study of the 
measurement indicators and the adjustment the indicators to 
enhance the measurement system; selecting more research 
teams and expanding the range of data sets to verify the 
rationality of indicators. 
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