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Figure 1. Social network analysis of innovati on.
Source: Research data.

Figure 1 shows the links between the “nodes” composed of the various actors that are 
part of this network. Of the 678 authors belonging to the innovati on network, most of them are 
connected. The contributi ons of network producti on are to strengthen both the relati ons and the 
contributi on to the improvement, maturati on, or even the innovati on of scienti fi c knowledge, 
which are socially constructed (KUHN, 1978; POPPER, 1972).

Through the analysis of the social network of innovation, shown in Figure 1, it is 
possible to perceive a fragmented network. Its density was calculated as 0.0035 or 0.35%, in-
dicating a low density network. Density shows the proportion of the number of ties realized 
about the total number of possibilities among the actors in the network (KNOKE; KUKLINSKI, 
1982; SCOTT, 2000). In this study, 1,607 ties were made in 459,006 possible loops. Thus, this 
network is formed by weak ties, that is, ties made outside a cohesive circle of relationship 
(WASSERMAN AND FAUST, 1994).

A similar result was found in the study developed by Guimarães et al. (2009), in which the 
social networks among researchers of graduate programs have proved to be very dense, with sparse 
and, in most cases, weak programs. The authors also point out that a network of graduate programs 
can be an ideal conditi on to increase the volume and quality of Brazilian scienti fi c producti on. In 
the same way, when analyzing the network of researchers in the area of operati ons management 
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in Brazil, Martins et al. (2010) verified the existence of a fragmented network, not dense and com-
posed of some close and cohesive groups that confer stability to the field (small worlds networks).

A denser network in principle means faster dissemination of information, in which 
knowledge travels with greater agility and fluidity to those connected to it, contributing to the 
expansion, diversification and innovations of intellectual capital. Also, dense networks facilitate 
the flow of resources, especially information. They function as closed systems of trust, generating 
similar behaviors, and promote the attribution of sanctions (GNYAWALI and MADHAVAN, 2001).

To identify the structure and relationships of this social network of innovation, the 
measures of density, the degree of centrality, the centrality of proximity, the centrality of inter-
mediation and analysis of clusters were analyzed. Other indicators can be used for the analysis of 
a network, however by delimitation of the study we opted for those described.

4.1 Degree of Centrality

The centrality of a network allows identifying the position in which an actor is about the 
others in the network (HANNEMAN; RIDDLE, 2005). In the same way, it allows us to assess the de-
gree to which a specific actor is able, directly or indirectly, to access other actors in the network. 
Table 2 presents the Centrality Degree, which consists of the number of ties that an actor has 
with other actors in a network. The 10 actors with the highest number of loops were separated.

Table 2: Centrality Degree

Ranking Main Authors Degree
1 GOMES C. M. 10.000
2 MACHADO D. P. N. 10.000
3 PORTO G. S. 10.000
4 PEREIRA R. S. 9.000
5 BINOTTO E. 9.000
6 VACCARO G. L. R. 7.000
7 SIQUEIRA E. S. 7.000
8 BITENCOURT M. P. 7.000
9 ESTEVES G. 7.000

10 KNEIPP J. M. 7.000
Source: Research data.

It is possible to observe from Table 2 that the actors GOMES C. M., MACHADO D. P., 
PORTO G. S., PEREIRA R. S., BINOTTO E., VACCARO G. L., SIQUEIRA E. S., BITENCOURT M. P., 
ESTEVES G. and KNEIPP J. M. are the authors with the most ties. However, since it takes into ac-
count only the adjacent relationships, this measure reveals only the local centrality of the actors 
(SCOTT, 2000). As shown in Figure 2.
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Figure 2. Degree centrality of the innovation network.

 Source: Research data.

Analyzing Figure 2, it is possible to observe that the number of loops produced by each 
author is a determinant component for the analysis of a social network, because without them 
the formation of the network would not occur. Each isolated network (N.1, N.2 and N.3) repre-
sents a set of actors who share knowledge and develop teamwork, however restricted to their 
group, limiting knowledge among their peers, since most belong to the same university. This can 
generate a homogeneity, creating an obstacle to heterogeneous knowledge in the production of 
knowledge in the area of innovation. The importance of an actor in the network is not only due 
to the number of direct contacts he maintains, but also to the number of contacts he mediates 
(ROSSONI; GUARIDO FILHO, 2009).

Martins et al. (2010) emphasize that the effect of the ties is moderated by the research-
er’s centrality. The effect on productivity is higher among researchers with a greater degree of 
centrality. Mendes-da-Silva, Onusic and Giglio (2013) affirm that the Brazilian environment has 
the following characteristics: to be formed by small worlds; low regularity of production and 
higher volume of production of researchers with a greater degree of centrality.
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It is worth mentioning that the links do not reveal the most relevant actors in a network, 
since it is possible to have an expressive number of links without connections with the rest of the 
network, indicating a limited production preference to a set of authors. Moreover, if there is low 
coupling between actors, the total amount of power in the network is also low, as there are few 
contacts among the actors for this power to be exercised (HANNEMAN, RIDDLE, 2005).

The networks of numbers 1, 2 and 3 are predominantly reclusive in their universities. 
Networks 2 and 3 have a convergence point manifested by the University of São Paulo (USP). 
In this item we tried to demonstrate the degree of centrality of the authors, but, as each one 
represents a specific college or university, it was possible to verify that even with a high degree 
of centrality among the actors in the social innovation network there is a small movement of 
cooperation between the college or university. This was evidenced in the study by Rossoni and 
Guarido Filho (2009), in which the authors identified a small world structural in the graduate 
programs in administration. Although internally, some universities stand out for their research 
groups, such as the Regional University of Blumenau (FURB), Federal University of Santa Maria 
(UFSM) and FEA-RP / USP.

4.2 Closeness

Proximity centrality is based on the proximity or distance of an actor relative to the 
other actors in a network. Table 3 presents the first 15 actors with the greatest centrality of prox-
imity, but it can be seen that the average proximity remained the same for all, indicating that the 
geodesic distance between these actors in the social innovation network is the same.

Table 3: Closeness

Ranking Authors Betweenness
1 VACCARO G. L. R. 0,018
2 BITENCOURT M. P. 0,013
3 GOMES C. M. 0,011
4 PEREIRA R. S. 0,010
5 MACHADO D. P. N. 0,010
6 PORTO G. S. 0,009
7 BRESCIANI L. P. 0,007
8 VARGAS E. R. 0,006
9 GUIMARÃES T. A. 0,004

10 KNEIPP J. M. 0,004
11 GODOY L. P. 0,004

Source: Research data.

Table 4 shows that the actors VACCARO GLR, BITENCOURT MP, PORTO GS, GOMES CM, 
PEREIRA RS, MACHADO DPN, PORTO GS, BRESCIANI LP, VARGAS ER, GUIMARÃES TA, KNEIPP JM 
and GODOY LP, are the intermediate authors that most connect authors. It is also possible to 
verify the relevance of the authors VACCARO G. L. R. and BITENCOURT M. P., who are the main 
connectors of distinct groups, favoring the expansion of the social network of innovation.
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4.3 Betweenness

The centrality of intermediation is based on how much an actor facilitates the flow of 
information in a network. Table 4 shows the first 11 actors with the greatest centrality of interme-
diation. This data is relatively small given the total size of the social innovation network, shown 
in Figure 1. But these actors are the connectors that favor access to any other in the network 
from their relationships; even though most are not directly related to each other, they connect 
indirectly through these few intermediaries. This phenomenon can also be called Small World 
(MILGRAM, 1967; WATTS; STROGATZ, 1998, LAZZARINI, 2007).   

Tabela 4 – Betweenness

Rank Main Authors Betweenness
1 VACCARO G. L. R. 0,018
2 BITENCOURT M. P. 0,013
3 GOMES C. M. 0,011
4 PEREIRA R. S. 0,010
5 MACHADO D. P. N. 0,010
6 PORTO G. S. 0,009
7 BRESCIANI L. P. 0,007
8 VARGAS E. R. 0,006
9 GUIMARÃES T. A. 0,004

10 KNEIPP J. M. 0,004
11 GODOY L. P. 0,004

Source: Research data

Table 4 shows that the actors VACCARO GLR, BITENCOURT MP, PORTO GS, GOMES CM, 
PEREIRA RS, MACHADO DPN, PORTO GS, BRESCIANI LP, VARGAS ER, GUIMARÃES TA, KNEIPP JM 
and GODOY LP, are the intermediate authors that most connect authors. It is also possible to 
verify the relevance of the authors VACCARO G. L. R. and BITENCOURT M. P., who are the main 
connectors of distinct groups, favoring the expansion of the social network of innovation.
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Figure 3. Centrality of intermediation of the innovation network.

Subtitle:

UNIFEI

UNISINOS

Produttare Consultores Associados
Source: Research data.

The centrality of intermediation can be considered one of the most important indicators 
of a social network, because through it an actor interacts among non-adjacent actors (WASSER-
MAN, FAUST, 1994). An actor is an intermediary when connecting to several other actors who do 
not connect to him directly.

Figure 3 shows the intermediation of two authors VACCARO G. L. R. and BITENCOURT 
M. P. who together connect a network formed by other 9 (nine) researchers, the largest inter-
mediation network possible. The network of actor VACCARO G. L. R. is composed almost in its 
entirety by actors of UNISINOS, and the network of BITENCOURT M. P., establishes its number of 
partnerships exclusively with UNIFEI.

It is important to emphasize that it is the authors and not the institutions that make up 
the networks, but being part of an organization that favors the construction of knowledge can 
encourage interinstitutional relations. The more bonds are created, the greater the possibility of 
building a dense intermediation network.

This intermediation results in essential interaction for innovation generation and the 
relationship between academia and companies, organizations also need sources of information 
and knowledge that may be inside or outside the company. As the organization does not innovate 
alone, this interaction with several agents (economic and social) facilitates its innovation process 
(LEMOS, 1999). In this study, it was observed, even if in a timid manner, that in about 2% of the 
articles this interaction occurred. In the survey of the institutions belonging to each author who 
had their articles published in the analyzed periodicals, in some cases it was possible to perceive 
the conjunction between colleges, universities and private companies, such as Produttare Con-
sultores Associados, Senac, Embrapa among others.
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4.4 Clusters Analysis

Of the 678 actors who formed the field of scientific production in innovation, 133 
cliques or clusters of up to three authors were found (WASSERMAN, FAUST, 1994; SCOTT, 2000). 
The remaining clusters were composed of 64 subgroups with four authors, 39 subgroups with 
five authors, 26 subgroups with six authors, 13 subgroups with seven authors and, finally, eight 
subgroups with eight authors, the latter being the main group identified in Table 1.

N-CLIQUES
Max Distance (n-): 2 
Minimum Set Size: 8
Atores: 678
133-cliques found.

1 SILVA J. M. SILVA C. E. S. BATISTA G. D. M. BITENCOURT M. P.  VACCARO G. L. R. SILVA D. O. CAMARGO 
L. F. R. POHLMANN C. R.

2 BITENCOURT M. P.  VACCARO G. L. R. SILVA D. O. CAMARGO L. F. R. POHLMANN C. R. PELLEGRIN I. 
ZIMMER M. V. LACERDA D. P.

3 VENDEMIATTI M. SIQUEIRA E. S. FILARDI F.  BINOTTO E. SIMIONI F. J HOFF D. N. NAKAYAMA M. K. 
CASAROTTO E. L.

4 GOMES C. M. KRUGLIANSKAS I. SCHERER F. L. MENEZES U. G. KNEIPP J. M. BARBIERI L. A. WITT-
MANN M. L. LÜBECK R. M.

5 GOMES C. M. KRUGLIANSKAS I. SCHERER F. L. MENEZES U. G. KNEIPP J. M. BARBIERI L. A. CARPES A. 
M. BEURON T. A.

6 PACAGNELLA JUNIOR A. C. PORTO G. S. SILVA S. L.  KANNEBLEY JÚNIOR S. SALGADO JUNIOR A. P. 
FIGLIOLI A. DIAS A. A. JOÃO I. S. GALINA S. V. R.

7 MACHADO D. P. N. CARVALHO L. C. HEINZMANN L. M. BARZOTTO L. C. GOMES G. GIOTTO O. T. 
SCARPIN M. R. S. MONDINI L. C. NEUMANN M.

8 PEREIRA R. S. FRANCO I. D. ALMEIDA L. C. B. SANTOS I. C. OLIVEIRA S. M. HAYASHI JÚNIOR P. ARRUDA 
A. G. BRESCIANI L. P. SILVA T. N.

Table 1 – N-Clicks.
Source: Research data.

In any social network, some links keep the relationships closer. These relationships cre-
ate subgroups, which are based on the reachability and proximity of individuals, and are formal-
ized by the n-click concept (WASSERMAN, FAUST, 1994; SCOTT, 2000). In this study it is possible 
to observe that, even if this network presents itself fragmented, the existence of 133 subgroups 
indicates that the students in the area of innovation produced in the network, even if it is restrict-
ed to their peers. What is perceived in this analysis is the need to expand the social network of 
innovation, since innovation as presented in the theoretical framework needs connections, and 
the more connected a network is, the greater the flow of information circulating through it, fa-
voring quality of the information presented in the published articles.

However, it is important to remember that only the bonds built do not consolidate a 
network. It is necessary that these ties have continuity and diversity in the scientific production, 
because if the number of ties does not keep up with the possible number in the network, greater 
fragmentation of the network may occur (MARTINS, 2009).
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5 CONCLUSION

This study aimed to show which actors form social networks based on the scientific production 
on the innovation of high-impact Brazilian journals, listed in CAPES classified as Qualis A1, A2, B1 and B2.

In the analysis of social networks of innovation, 678 authors were found, representing the 
“nodes” that together produced 1,607 relations among themselves, called “ties”, of 459,006 possible 
links, indicating a social network formed by weak, fragmented links with the existence of 133 sub-
groups and low density. As a matter of delimitation of the study, we opted to analyze the measures of 
density, the degree of centrality, the closeness, the centrality of intermediation and clusters analysis.

In the case of the degree of centrality, there was a set of actors who share knowledge 
and develop teamwork, however restricted to their group, limiting knowledge among their peers. 
However, it was possible to observe that, even with a high degree of centrality among the actors 
in the social innovation network, there is cooperation among colleges or universities. The close-
ness remained the same for the main actors of the network, indicating that information circulates 
more easily among these actors, allowing a greater flow of information. Some of the authors, 
such as VACCARO G. L. R., BITENCOURT M. P., PELLEGRIN I., LACERDA D. P. and ZIMMER M. V., also 
belong to the group that composes the centrality of intermediation.

Intermediate actors are the most important in a social network, because through them 
an actor interacts between non-adjacent actors. In this study, we highlight the authors VACCARO 
G. L. R. and BITENCOURT M. P., since they are the main connectors between two distinct social 
network groups that together connect a network formed by other nine researchers, the largest 
intermediation network possible. This network favors the expansion of the social innovation net-
work, since authors participating in the intermediation centrality network share several different 
lines of thought, extending their knowledge beyond a restricted set of researchers, generating 
ideas about new topics to be researched, or contributing to ongoing studies. With this it is possi-
ble to say that the flow of information that circulates in the social network can generate innova-
tions in the scientific production and benefit to a whole society.

The study showed that the social innovation network consists of 133 subgroups, working 
with at least three authors, but restricting their production to their peers, evidencing a need to 
expand the social innovation network, not only in established networks, but also in continuity and 
diversity among authors and colleges or universities. A denser network, in principle, means more 
rapid diffusion of information, since knowledge arrives with greater agility and fluidity to those 
connected to it, contributing to the amplification, variation and innovations of intellectual capital.

It is hoped that this research will contribute to the theoretical field of social networks 
as well as alert researchers of private and governmental institutions of the importance of shar-
ing knowledge. Innovation is a process of interactive, continuous and heterogeneous learning that 
occurs with the contribution of several agents in which each one brings with it its knowledge and 
its lens on a certain subject. Moreover, as reported by Popper (1972) and Kuhn (1978), scientific 
knowledge must be socially constructed. For future studies, it is suggested to extend the research 
also to the conferences, as well as to survey social networks of innovation in international journals.
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