
 

“Analysis of the relationship between the properties of the social networks of R&D 

groups and their scientific performance” 

 

Alejandra García Hernández 

Institute of Innovation and Knowledge Management.  

INGENIO (CSIC-UPV) 

algarhe1@doctor.upv.es

and 

Ernesto de los Reyes López 

Institute of Innovation and Knowledge Management.  

INGENIO (CSIC-UPV) 

ede@ingenio.upv.es

 

ABSTRACT 

The influence of social network properties on the performance of organizational groups 

has been explored by several researchers. Recently, Oh et al. (2006) have proposed an 

optimal model of group social capital1. Our work is based in the optimal model 

proposed by Oh et al. (2006) and applies Social Network Analysis (SNA) 

methodologies to the study of R&D groups with high scientific production from the 

Polytechnic University of Valencia. The results offer support for the optimal model: 

groups with higher scientific performance show a moderate density and centrality, 

efficiency in its external contacts, and a strong relationship between the leader and 

informal leader of the group. Groups that do not present the characteristics outlined in 

the optimal model, show lower scientific performance. 
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INTRODUCTION 

Universities have an important role in society, due to its influence in the cultural, 

economic and social development. According to Harvey et al. (2002), Universities and 

the organizations involved with them in the research effort, represent an important area 

of knowledge production. Additionally, current knowledge production has been 

characterized of being trans-disciplinary and heterogeneous, and involving the 

interaction of many actors throughout the process (Nowotny et al. 2003).  

 

Some research works are devoted to identify the determinant factors of research group 

performance. In this context the networks connectedness has been identified as a 

determinant factor for the performance of R&D groups, since it can enlarge their pool of 

knowledge and consequently improve their competitiveness (Harvey 2002). Although is 

also found that network connectedness can restrict the access and affect negatively the 

group performance (Sparrowe et al. 2001).  

 

Most of the studies of social networks are focused at organizational level of analysis 

(Powell et al., 1996) or individual level (Lowrie & McKnight 2004; Villanueva Felez et 

al. 2007). Few studies analyze social networks at group level and even fewer analyze 

social networks of R&D groups in the university environment  (Harvey et al. 2002; 

Guimerà et al. 2005). Further, there is evidence of the influence of social network 

structure on actor performance; however, there is not a clear consensus about the 

direction (Balkundi & Harrison 2006).  

 

Oh et al. (2004) considered important to analyze in depth the relationships of group 

members within and outside their groups, and introduced the concept of group social 

capital, defined as: 

 

“Group social capital is the set of resources made available to a group 

through group members´ social relationships within the social structure 

of the group itself, as well as in the broader formal and informal 

structure of the organization”  

 

Also, Oh et al. (2006) proposed an optimal model of group social capital depicted in 

Figure 1. The optimal model was developed with empiric evidence (Oh et al. 2004), and 
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corresponds with the arguments of Reagans & Zuckerman (2001), is necessary a 

moderate density inside the group, but at external level the group is enhanced with a 

sparse network. The optimal model at external level of group shows the benefits of 

“Structural Holes” proposed by Burt (1992), because illustrate non-redundant external 

relationships.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Optimal model of group social capital.  
Source: Oh et al. (2006)  

 
The left side of the Figure 1 is considered a sub-optimal model. A group (denominated 

as “focal group”) has a high internal density and no relation with the exterior, this 

coincides with the results of Ancona (1990), where isolate groups did not show the 

bigger performance. The right side of the Figure 1 shows that the focal group does not 

have relations between its members, and has redundant external relationships, neither 

represents the optimal.  

 
The aim of this paper is to apply Social Network Analysis (SNA) methodologies to the 

study of R&D groups with high scientific production. Our main goal is to characterize 

the properties of their social networks (density, centrality and strength of the links), and 

to analyze if these properties are consistent with the optimal structure of networks 

proposed by Oh et al. (2006). The analysis is based on the relation of network properties 

with scientific quality and impact of group publications. 
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We focus our work in the study of research groups from the Polytechnic University of 

Valencia (UPV). This is a large technical University with research groups working on 

applied and basic sciences. We analyzed ten groups, the selection criteria of the sample 

were: Groups activity in basic or applied sciences; groups with at least two faculty 

members during the period 2001-2005 and with a minimum of five years of research 

activities; and groups with high scientific production of ISI articles (articles published 

in academic journal listed in the Science Citation Index). 

 

SOCIAL NETWORK ANALYSIS AND HYPOTHESIS 

Social network analysis (SNA) is concerned with the study of the structure and patterns 

of ties between a defined group of actors and seeks to identify their causes and 

consequences (Tichy et al. 1979). Social networks have different properties. Tichy et al. 

(1979) have classified these properties according to transactional content, nature of the 

links and the structural characteristics. Regarding structural characteristics, centrality 

and density are the main properties analysed. About the nature of the links, tie strength 

has triggered intense interest among social analysts since the publication of “The 

strength of weak ties” by Granovetter (1973). The main premise in SNA is that ties 

provide the channel for resources flow (Nahapiet & Ghoshal 1998). 

 

Centrality is the extent to which a given individual is connected to others in a network 

(Sparrowe et al. 2001). The most central actor or actors enjoy an advantage position 

because they could have more alternatives to obtain resources and are less dependent 

(Hanneman & Riddle 2005). Some studies about lab groups, have found that groups 

working in simple task worked better in centralized networks (Bavelas 1950), and 

groups with complex tasks were more productive in decentralized networks (Shaw 

1964).  

 

Sparrowe et al. (2001) analyzed thirty-eight groups of five diverse organizations. They  

found that a central position enhances individual performance, but groups with 

decentralized communication networks were more productive at complex tasks. Their 

results coincide with Shaw’s (1964) research. According to Luo (2005) the network 

centrality has a relation with some aspects of leadership, and he suggested that certain 

power (following the empowerment philosophy), or median centralization, enhances 

group performance.  
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Based on these arguments the following hypothesis will be evaluated in this work: 

 

H1: R&D groups with higher scientific performance will show moderate 
centrality2

 

“The strength of weak ties” by Granovetter (1973) is used as reference for many studies 

related to the strength of ties. According to Granovetter, the strength of a tie is a 

combination of amount of time, emotional intensity, intimacy and reciprocal services.  

He found that weak ties provided benefits of information in his study about 

occupational opportunities, because workers found jobs faster through weak ties, also 

found that through weak ties is transferred new information, and ideas. Others studies 

highlight the importance of the strong ties (Krackhardt 1992). Regarding to the 

knowledge transfer between teams, Hansen (1999) argue that when knowledge is 

complex strong ties provide better results than weak ties. 

 

The leader role is an aspect that highlights the literature during last years. Some 

researchers have found that teams with central leaders in intragroup networks showed 

high group performance (Balkundi & Harrison 2006). When the groups have also 

informal leaders, the strength of the ties between them and the formal leader is 

significant. The formal leader is the leader imposed by the organization. The informal 

leaders are created by the group interaction patterns. The individuals that became more 

central to the interaction patterns of the group, they become informal leaders (Oh et al. 

2006). According to Oh et al. (2006) if formal and informal leaders maintain a strong 

relationship, the group social capital will be higher. Based on these arguments the 

following hypothesis will be evaluated in this work: 

 

H2: R&D groups with higher scientific performance will show strong ties 
between formal and informal leader. 

 

The density of the network is the proportion of actual ties to the maximum possible 

number (Wasserman & Faust 1994). There are two perspectives regarding the influence 

of density. By one side, some works suggest that a dense network enhance the group 

performance, due to the high number of actors connected and therefore better 
                                                 
2 We considered  moderate centrality as an intermediate value between 0% and 100% of centrality. 
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opportunities for coordination of their actions (Coleman 1988). By other side, some 

researchers states that actor’s network is redundancy to the extend that her contacts are 

connected to each other as well (Borgatti 1997; Burt 1992). Burt (1992) argues that a 

dense network produces redundant information and that a network is efficient when 

each contact in the network is not redundant. 

 

Reagans & Zuckerman (2001) integrated both perspectives. They found that inside the 

group is necessary certain density for good coordination and at external level of the 

group a sparse network could avoid redundant information. These results coincide with 

the optimal model proposed by Oh et al. (2006). Based on these arguments the 

following hypothesis will be evaluated in this work: 

 

H3: R&D groups with higher scientific performance will show moderate 
internal density. 
H4: R&D groups with higher scientific performance will show efficient external 
relationships (non-redundant). 

 
RESEARCH METHODOLOGY 
Sample selection and data 

 

The Polytechnic University of Valencia (UPV) had registered three hundred twenty four 

research groups until December 2005. The selection criteria were: groups with research 

activity in basic or applied sciences, were excluded the groups working in humanities 

because it was considered that their research outputs could not be compared with other 

scientific areas (Bermeo 2007); groups with at least two faculty members during the 

period 2001-2005 and with a minimum of five years of research activities; and groups 

with high scientific production of ISI articles. The sample selection was ten groups that 

fulfill the selection criteria: 

            
Table 1. Sample. 
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We used data from co-authorship of ISI publications to identify the relationship 

between actors (group members and external contacts). Information was obtained from 

two databases provided by UPV: 

 

 SENIA: UPV Management system of research activities. 

 CARTA: UPV Catalogue of capacities and technological and artistic results. 

 

The period of study is 2003 to 2005. Number of articles in Table 1 is cumulate number 

of that period. 

With these data it was identified the authors of each group, their collaborators, and the 

geographical distance of the collaborators (inside the university, national or 

international). 

 

The data was analysed at two levels, first considering the co-authorship relationships 

between the group members, and then the external relationships of the group members. 

This was made for each group separately. 

  

Network properties measurement 

We have used UCINET software tool proposed by Borgatti et al. (2002) to describe the 

network of each group and measure its variables. 

The centrality was analyzed at internal level (only the relationships between group 

members). This property is evaluated by the “degree of centrality”, that measure the 

proportion of direct relations of each actor with the others in the network (Freeman 

1978): 
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Where n is the number of actors, CD (Pi) is the number of relationship of each actor and 

CD (P*) is the biggest number of CD (Pi). 

This variable also allows us to identify the most central actor of each group and verify if 

he/she corresponds to the formal leader (the group responsible registered in the UPV 

database). Then we identified informal leaders (most central actors different of the 

formal leader). 
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Due to the complexity involved in the measurement of tie strength and the difficulty to 

get information, some researchers have used only one of its components, the frequency 

of relationship (Reagans & Zuckerman 2001). Since we have used co-authorship data, 

we knew how many collaboration on papers each pair of scientists had during the period 

of study, and how many other co-authors they had on each of those papers. With this 

information we got an estimation of the strength of the ties, measured by the frequency 

of co-authorship (Newman 2001): 
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Where Wij represents the strength of the collaboration between scientist i and j; k is the 

number of paper analyzed; n is the number of co-authorship in the paper analyzed and 

 takes values of 1 if there is relationship between i and j and 0 if there is not a 

relationship.  

k
j

k
i δδ

 

We considered the internal density of the group (the proportion of relationship between 

the group members) to assess network density (Wasserman & Faust 1994): 
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WhereΔ  is the proportion of density; L is the number of relationships and g is the 

number of actors (group members). 

 

We evaluated the efficiency of the external contacts, following the method proposed by 

Borgatti (1997). First, we got the redundancy factor of external contacts (the number of 

relationship between external contacts): 

 Redundancy = 2t/n 

Where t is the number of relationships between external contacts, and n is the number of 

external contacts. 

Then, with the redundancy factor we obtained the effective size (the number of external 

contacts minus the redundancy factor): 

 Effective size = n – 2t/n 

Finally, with the value of effective size we calculated the percentage of efficiency of 

external contacts. 
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Scientific performance measurement 

The measurement of scientific performance is a complex task because of the wide array 

of factors that can have influence over it. Avital & Collopy (2001) have identified two 

types of studies in the literature about the scientific performance, and the key factors of 

each one. Since we wanted to know the relationship between the properties of 

collaboration networks, observed through ISI publications, with the scientific 

performance, the focus is in the scientific production.  

 

We have considered two indicators of scientific performance, the scientific quality and 

impact. We assessed it using information from ISI Web of Knowledge and databases 

provided by the UPV.  

 

The scientific quality of each group was assessed using the method proposed by Bermeo 

(2007) specifically to measure the scientific quality of R&D groups from UPV. This 

method has of reference the study of García et al. (2006), which was focused in the 

measurement of performance of R&D groups of La Comunidad de Valencia, España.   

The resulting formula is: 

 ∑=−
G

RG
G TIEQ

FIISIARTCCAL *_
 
Where CAL-CG is scientific quality, ART_ISI is the number of papers indexed on ISI 

(Institute of Science Information), TIEQ corresponds to the personal equivalent 

investigator at complete time, FI is the impact factor3 and G is the group of analysis. 

 

The variable TIEQ (personal equivalent investigator), is proposed by Azagra (2004) and 

also applying by Bermeo (2007), whom with empiric evidence considered a proportion 

of 35% of dedication of PDI (faculty members): 

            GGG PDIsearchersTIEQ 35.0Re +=

The scientific impact was assessed considering the annual citation rate of each paper 

indexed in ISI journals, where there is at least one group member of co-author (Bermeo 

2007), the resulting formula is: 

∑=−
G

G
G TIEQ

ISIARTTCCIMP __  

                                                 
3 The impact factor is the average number of times articles from the journal published in the past 
two years have been cited in the JCR year. Source: www.isiknowledge.com 
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Where IMP-CG is scientific impact and TC_ART_ISIG is the annual citation rate by year 

of each paper indexed by the group analysed. 

 
RESULTS AND DISCUSSION 
 
The first results that we obtained were the networks of co-authorship for each group 

(see Appendix 1). Each group is identified by a group code. The results about the 

scientific performance and network properties measurements are reported in Table 2. 

 

Group 
Code

Group 
size

External 
Collaborators

Number of 
ISI articles

Scientific 
Quality

Scientific 
Impact Density Centrality Efficiency Strongest 

tie value

68 11 33 36 19.69 21.17 0.51 47.78 88.02 7.74
56 19 73 38 30.45 58.83 0.43 63.40 93.55 5.41
91 9 49 27 5.87 7.99 0.31 57.14 91.06 3.58
169 11 31 34 5.46 5.21 0.18 26.67 97.31 1.33
243 7 41 25 13.56 9.75 0.33 46.67 91.35 1.25
126 13 36 20 2.79 1.52 0.36 56.06 92.06 1.98
59 12 33 35 2.49 3.20 0.24 14.55 91.84 1.00
281 20 42 32 1.62 1.51 0.17 27.49 74.79 1.90
288 8 34 12 3.85 6.02 0.32 90.48 56.66 *
324 18 33 13 0.75 0.33 0.16 22.06 82.67 2.25
*There is not informal leader  

Table 2. Results 
 
 
The relationship between the group size and the number of external collaborators for 

each group are shown in Figure 2. 
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Figure 2. Team size and external collaborators 

 
Results do not show relation between the team size and the number of external contacts. 

It can be observed that one small group (nine members) have a large number of external 

contacts (forty-nine) and vice versa. 
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Network Centrality (H1): 

The results of network centrality for each group are reported in Table 2. These results 

show that groups with higher scientific quality present a moderate centrality- between 

40% and 70%- (see Figure 3). The same happen when we relate the values of network 

centrality with the scientific impact (see Figure 4). Also we found that groups with 

higher and lower values of centrality presented low values of scientific impact and 

quality.  

          

                                   
 Figure 3. Relationship between 

centrality and quality 
Figure 4. Relationship between  

centrality and impact  

These results support H1: R&D groups with higher scientific performance show 

moderate centrality. 

 
Strength of the ties (H2):  

We calculate the degree of centrality for each actor, with this information we could 

know whose actors were the most central in all groups. The results showed that the most 

central actor of each group correspond to the formal leader registered by the UPV. The 

results about the tie strength between the formal leader and the informal leader (the next 

most central actor) are shown in Table 3. 

 
     * There is not informal leader 

Table 3. Tie strength 
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In all groups (with exception the Group 288) the tie strength between their formal and 

informal leader is the strongest tie of the group. 

 

Internal network density (H3): 

The results of internal density for each group are reported in Table 2, the values ranks 

from 0.51 (Group 68) to 0.16 (Group 324). Figure 5 shows the relationship between the 

internal density of each group and their scientific quality. It can be observed that groups 

with higher scientific quality also presented higher internal density, and groups with 

lower internal density showed low scientific quality.  

 

                         
Figure 5. Relationship between 

internal density and quality
Figure 6. Relationship between 

internal density and quality 
 
 
 

Figure 6 shows the relation between internal density and scientific impact, groups with 

higher scientific impact showed higher internal density and groups with lower internal 

density showed low scientific impact. The Figure 7 shows some examples of groups 

internal networks: 

 

 
Figure 7. Examples of internal relations 
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Group 68 and 56 present greater relationships between team members and are the 

groups that showed higher internal density, and higher scientific impact and quality. To 

the contrary, as we can see in the Figure 7, Group 281 and 324 are some examples of 

groups with lower internal density, where some team members do not present relations 

between them. These groups present lower scientific quality and impact. All this results 

support H3, groups with higher scientific performance show moderate internal density. 

 

External contacts efficiency (H4): 

Figure 8 presents the relationship between the efficiency percentage of group’s external 

contacts (showed in Table 2) and scientific quality. The Figure 9 shows the relationship 

with the scientific impact.  

 

 
                              

Figure 8. Relationship between 
efficiency and quality

Figure 9. Relationship between 
efficiency and impact  

 

Groups with high scientific quality and impact show high efficiency in its external 

contacts. To the contrary, groups with low efficiency present lower scientific quality 

and impact. Results also show that some groups with high percentage of efficiency have 

low scientific quality and impact; this could be due to the influence of other properties. 

Therefore there is a moderate support to H4. 

 
CONCLUSIONS 
 
The results offer support for Oh et al. (2006), theory. Groups with higher scientific 

performance show a moderate density and centrality, efficiency in its external contacts, 

and a strong relationship between the formal and informal leaders of the group. Groups 

that do not present some of the characteristics outlined by Oh et al. (2006), showed 

lower scientific performance. 
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The team size and the number of external contacts did not show a relationship in the 

sample analysed. Groups with values of centrality between 0.45 and 0.75, show higher 

scientific quality and impact (supporting H1). These results coincide with those found 

by Luo (2005), who relates the centrality with some aspects of leadership, and is 

possible that a moderate centrality (certain degree of power for group members) has a 

positive influence in the group performance. The formal leader of each group 

corresponds with the most central actor in the network of each group. Groups with 

greater scientific impact and quality show a strong relationship between its formal and 

informal leaders (supporting H2). 

 

The internal density of the groups ranks from 0.50 (moderate) to 0.16 (low). Groups 

with moderate density (0.50 and 0.43), presented higher results in scientific quality and 

impact (supporting H3). Groups with high efficiency of external contacts, present higher 

scientific quality and impact (supporting H4).  

 

In summary, this study contributes to some streams of research. First, the results show 

that groups that fulfils all the hypothesis (Group 56 and Group 68) has the best scientific 

results. To the contrary, groups that do not comply with the hypothesis (Group 324 and 

Group 281) have the lower scientific results. Within intermediate values (groups that 

fulfil only some hypothesis), we can not observe a clear tendency. This could explain 

the importance of studying different levels of analysis (Brass et al. 2004) and different 

properties of networks at the same time (Oh et al. 2006).  Second, this study applies a 

theoretical model proposed recently in the literature, to R&D groups of the university 

environment which is a field still scarce explored. 

 
Future research should increase the sample to get statistical evidence and also to 

consider other hypothesis proposed by Oh et al. (2006). 
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APPENDIX 1 
 

  
Co-authorship Networks of R&D Groups   

 

Group 68 Group 56

 

 

                       

Group  91 Group 169 
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Co-authorship Networks of R&D Groups  

  
Group 243 Group 126

 

 

Group 59 Group 281

  

  

Group 324Group 288 
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