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Abstract. The IFIP WG 5.5 Working Conferences on Virtual Enterprises (PRO-
VE) has created, in 14 editions, a remarkable scientific and professional 
community intersecting several disciplines and resulting in a new one: 
collaborative networks. In this paper we present the results of a retrospective 
study of the conceptual system evolution of PRO-VE providing an instrument to 
reflect about the field’s past and future.  Our approach was socio-semantic trying 
to devise the influence between the researchers social network and the evolution 
of the conceptual system. Firstly, we made a terminological analysis of every 
PRO-VE proceeding resulting in a picture of the main concepts used in each 
edition and their relative importance. Then, we used social network analysis 
techniques to conclude about the influence of the researchers on the conceptual 
system evolution. The results suggest a relatively stable set of concepts 
influenced by a network of core researchers. However, some marked evolution 
in the relative importance of the concepts can be identified. 

Keywords: socio-semantic network; social-networks analysis; PRO-VE 
conference 

1 Introduction 

Scientific conferences series are somehow archetypes of researchers communities 
creation, evolution and death. If we envisage conference research communities as 
strong knowledge communities [1], we assist at knowledge creation and dissemination 
in varying degrees according to its (time-based) relevance. If we look at them as 
collaborative networks [2] we assist at social capital creation and dismissal and trust 
building and destruction influencing directly and indirectly single or collective research 
activities. It seems then clear that the dyad knowledge-collaboration is not separable in 
the studies of conference research communities even if the majority of the published 
research on the subject focus on one dimension or the other. The PRO-VE conference 
series reaches this year its 15th edition. This round number was the spark that motivated 
us to study the PRO-VE community evolution in two intertwined dimensions: the 
conceptual system and the social system. This is not “just another bibliometric or 
scientometric study” of conference proceedings. Although the later seem to be much 
less frequent than the studies based on scientific journals, our goal was to characterise 
qualitatively and in detail the evolution of the conceptual system of PRO-VE. Yet, the 
conceptual system evolution cannot be studied detached from the community of 
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researchers, as the relationships among them and the patterns of use of the concepts are 
fundamental for the understanding of such evolution. Our stance is thus socio-semantic, 
and the object of study is the socio-semantic network. The approach followed by us is 
original in several ways. The study of knowledge networks as socio-semantic networks 
is not new although not widespread [1]. The study of the conceptual system within these 
studies is normally restricted to keyword identification or extraction. Our approach 
relied in a comprehensive terminological and conceptual semi-automated analysis that 
enabled the re-construction of the de facto conceptual system of each conference 
edition. The study of the social network usually rely on the identification of co-
authorship and citation analysis. Our approach relies on 2-mode (researchers–concepts) 
social networks analysis (SNA), enabling the study of the socio-semantic network. The 
rest of the paper is organised as follows: in the next section we briefly review some 
important related work, then we describe in detail the research design followed by the 
presentation of the results. Finally, the results are discussed, the limitations of the study 
pointed out and the paper is concluded. It is also important refer the authors motivation 
for this study. One of the co-authors is an active member of the PRO-VE community 
having participated in all but three conference editions. The other co-authors are young 
information science professionals, interested in understanding better the study of 
scientific communities.  

2 Related Work 

There has been recently a growing body of work on the analysis of communities and 
their temporal evolution in dynamic networks [3]. In the literature we can find some 
research studying scientific conferences, namely bibliometric and scientometric 
studies. [4] analysed semantically the proceedings of a conference in the area of 
international business. The study was done with a corpus that joined three years of 
proceedings. The main objective was to represent the current academic interest in the 
area, grouping keywords and analysing the most studied areas in the articles. Another 
bibliometric study is decribed in [5] analysing one year of a conference (DESIGN 
2012). This study used the citations in the papers to describe citation trends by field, 
type of work and its distribution.  

Within the PRO-VE conferences two papers addressed the social network and the 
conceptual evolution of the PRO-VE community. In [6] the authors exploited the 
concept of eigenvector centrality starting from the papers proceedings (2005-2009) and 
propose a weighted multi-hypergraph model to study the (eigenvector) centrally of 
PRO-VE authors and research topics. The model is roughly equivalent to our 2-mode 
network being the concepts taken from reference models and some text processing 
made to identify concepts through the papers “keywords”. As we will see bellow, our 
research go beyond this model by extracting terms referring to domain concepts in the 
form of multi-word phrases that constitute a substantial majority of all technical 
vocabulary. We also propose to reuse a unified socio-semantic model borrowed from 
[1]. The very same approach to the domain concepts identification from the proceedings 
corpus, distinguishes our research from [7] whose main limitation is to consider only 
single-word terms.  

The empirical and computational study reported in [1] suggests that the dynamics of 
a community, i.e. communities of scientists, software developers, wiki contributors and 
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others, can be amply described as the coevolution of a social and a socio-semantic 
network. The authors presents a theoretical framework based on a social network and a 
socio-semantic network. In this study we can see a description of the dynamics of a 
community comprising the social structure and socio-semantic structure. It is exactly 
in the work of Roth that we found our theoretical reference. A social network is denoted 
by G=(S,RS) where S is the agent set and RS =R⊂S×S×N denotes the set of dated links: 

a link l=(s,s′,t)∈RS means that s is related to s′ at t. Considering now C a set of semantic 
objects which we call “concepts” and which correspond here to terms or noun phrases 
considered as atomic units, a socio-semantic network is thus defined formally as a 
network GC, made of actors of S, concepts of C and links between these elements: RC 

thus denotes the use of concepts by actors: an actor is linked to concepts he/she 
mentioned (e.g., in a paper from a proceeding). Thus, RC

⊂S×C×N, and a link lC 

=(s,c,t)∈RC means that s used c at t. Although Roth studies computationally the 
coevolution of social and socio-semantic networks, in this paper we use only the socio-
semantic network to study the evolution of the PRO-VE conceptual system. 

3 Research Design 

Recalling the research relevance and goals introduced in the beginning of this paper, 
our aim was to know more on how the PRO-VE community evolved regarding the 
technical and scientific topics (concepts) addressed in 14 editions of existence of the 
conference. Furthermore, we wanted to understand if there were traces of influence 
from the structures of collaboration of the researchers in the number and intensity of 
the addressed concepts. The specific research questions were: 

RQ1. What were the main technical and scientific concepts addressed de facto in each 
of the PRO-VE conference editions? Are there any patterns of evolution? 
RQ2. Is it possible to identify sub-sets of researchers having in common the use of 
similar sets of concepts (socio-semantic structures)? How did these structures evolved? 

This research was fundamentally exploratory, and being so there were not strong 
hypothesis to advance. Nevertheless, a couple of them were advanced as preliminary 
answers to the research questions: 

H1.1. There is a core set of concepts used in all the editions of the conference; 
H1.2. The variability of the first ranked concepts after the core is high; 
H2.1. A core set of concepts is shared by the majority of the researchers; 
H2.2. There are groups of researchers that are likely to influence the adoption of new 
concepts. 

The research strategy to answer the above questions recurred to two perspectives on 
the PRO-VE conferences: a conceptual (semantic) perspective and a social network 
perspective. The idea was to firstly identify and analyse the concepts that the 
researchers de facto used in the conference papers using terminology and natural 
language processing tools and then to identify and analyse the socio-semantic structures 
(sets of researchers and concepts they used) emerging from the conceptual analysis. 
This approach has several dimensions. Regarding the epistemology, our study is 
essentially interpretative, although strongly based on fact discovering through 
quantitative methods. Regarding the methods, the approach is multi-disciplinary as it 
was informed by and tools were used from terminology and natural language 
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processing, along with social networks analysis techniques. The data sources used were 
the 14 PRO-VE proceedings in electronic (pdf) format. From these data sources, three 
basic data-sets (per year) were extracted: authors, papers/authors, conference-
title/table-of-contents/editorial. The overall research design is depicted in the figure 1. 

3.1 Terminological and Conceptual Analysis 

The goal of this phase was to identify and characterise the conceptual system suggested 
by each of the fourteen PRO-VE conference proceedings and to identify some patterns 
of evolution. For that, a textual corpus of the conference proceedings was created and 
organised by year (for the sake of economy of space we will not describe the data-sets 
preparation methods). A twofold approach was followed: first, a NLP tool was used to 
extract the candidate terms1 from each proceeding; second, a terminological and 
conceptual analysis of the candidate terms was performed to result in a ranked list of 
terms (concepts) for each conference year.  The term identification was made with the 
help of an automatic term recognition (ATR) service: the TerMine service provided by 
NaCTeM2. TerMine is based on a domain-independent method (C-Value) for the 
automatic extraction of multi-word terms, from machine-readable special language 
corpora. As described in [8], C-value combines linguistic and statistical analyses with 
an emphasis placed on the statistical part. The linguistic analysis enumerates all 
candidate terms in a given text by applying part-of-speech tagging, extracting word 
sequences of adjectives/nouns based, and stop-list. The statistical analysis assigns a 
termhood to a candidate term by using the following four characteristics: (i) the 
occurrence frequency of the candidate term, (ii) the frequency of the candidate term as 
part of other longer candidate terms, (iii) the number of these longer candidate terms, 
and (iv) the length of the candidate term. 
   

 
Figure 1 – Overall research design 

From the several ATR tools we tested, TerMine showed the best performance by 
maximizing precision and recall, while minimizing noise. Most of the other tools 
available are optimized for recognizing single word terms, which is not what was 

                                                           
1  In terminology, a (technical/scientific) term is a possible designation for a concept considered 

to be part of a given domain. A term must have the explicit or tacit agreement of the 
technical/scientific community dealing with the concept. A candidate term is a term that was 
identified in some source and that needs the validation of a domain specialist to be considered 
a domain term. 

2  The National Centre for Text Mining (NaCTeM) - http://www.nactem.ac.uk/ 
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required for analysing the PRO-VE proceedings. In fact, technical terms consist mostly 
of noun phrases containing adjectives, nouns, and occasionally prepositions.  The 
discourse properties of the PRO-VE community are patterns of repetition that 
distinguish noun phrases that are technical terms, especially multi-word phrases that 
constitute a substantial majority of all technical vocabulary, from other types of noun 
phrase [10]. The TerMine service only provided a ranked list of candidate terms. The 
next and crucial step was to analyse the lists by specialists. Here, specialists are PRO-
VE participants. We chose three specialists, actively working in the PRO-VE topics, 
with different degrees of participation in the fourteen editions (12, 8, and 3 
participations). The conceptual analysis involved the following tasks performed by a 
specialist in the PRO-VE domains: (i) to go through the first 100 candidate terms 
returned by TerMine for each year, to clean non-terms and discard non-relevant terms; 
(ii) to make two rankings for each year, one of the first 10 and other of the first 20 terms 
using the C-Value termhood returned by TerMine; (iii) to fine-tune the rankings for 
each year by looking over the proceedings chapters and editorials3. This phase finished 
with the validation of each ranking by the above mentioned specialists. 

3.2 Social network analysis 

The goal of the social network analysis phase in our approach was to provide a 
description of the socio-semantic structure of the PRO-VE scientific community. SNA 
techniques were used to (i) to identify the network of relationships between authors and 
the concepts used in each conference proceeding, (ii) to identify meaningful sub-
structures of concept-author relationships and (iii) to relate the co-authorship network 
with the socio-semantic network. For this we used mostly two-mode (2-mode) network 
analysis techniques. Due to the effort required to prepare the data-sets and to perform 
2-mode network analysis, we selected a sample of 4 PRO-VE proceedings: 1999, 2005, 
2009 and 2013. For each of the selected years, a rectangular data matrix of authors 
(rows) by concepts (columns) was built4, according to the following protocol: (i) the 
set of concepts to be used is the top 10 ranking for the year in consideration; (ii) for 
each of the concepts, the full text of the proceedings was searched to count how many 
times the concept appears in each paper; (iii) this number was cumulatively added to 
intersection of the paper authors (row) with the concept (column). For each year, the 
resulting authors-by-concepts matrix is calculated as: 

��,� = � ��	
,�, ���
�,�∈�

 

where vi,j is the i,j cell value, pk,i is a paper co-authored by author ai and included in 
the set of papers P of the proceedings, cj is the concept being look up and f a function 
that returns the frequency of presence of cj in paper pk. Exclusion conditions were 
defined so as to discard papers were a term appears in a non relevant way. A 

                                                           
3  For the conceptual analysis phase it would be expectable to use the keywords assigned by the 

authors to their papers. In PRO-VE, only from 2009 on keywords where used to describe the 
paper subject. For the sake of consistency, we decided not to use the keywords in the 
conceptual analysis.  

4  In our case the 2-mode network is represented by a “author-by-concept” (rectangular) matrix. 
This 2-mode network can be transformed in two 1-mode networks: a “author-by-author” and 
a “concept-by-concept”. These are represented by square matrices.  
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min���	
,�, ���� = 3 was established. Also, if the concept appeared only in the title or 

abstract and not in the paper body, it would be excluded i.e, ��	
,�, ��� = 0.  
Usually, 2-mode data in SNA can be analysed either as 1-mode or 2-mode. We used 

both, but focusing on algorithms and representations that highlight “sub-structures” 
instead of the characteristics of nodes (authors or concepts) within the network [9]. For 
our purposes, we selected the 1-mode networks to be run by the k-core analysis and the 
core-periphery analysis. The 2-mode network was analysed in terms of degree 

centrality. A k-core is a maximal group of actors, all of whom are connected to some 
number (k) of other members of the group. It allows actors to be included in the group 
if they are connected to other k members, regardless of how many other members they 
may not be connected to. By varying the value of k (that is, how many members of the 
group do you have to be connected to), different pictures can emerge [9]. In the case of 
our 2-mode network of authors-by-concepts, the k-core algorithm finds the maximal 
group of authors that use k concepts and concepts that are used by k authors. The core-

periphery structure is an ideal typical pattern that divides both the rows and the columns 
into two classes.  One of the blocks on the main diagonal (the core) is a high-density 
block; the other block on the main diagonal (the periphery) is a low-density block.  In 
our case, when applying the core-periphery model to the author-by-author data, the 
model seeks to identify a set of authors who have high density of ties among themselves 
(the core) by sharing many concepts in common, and another set of authors who have 
very low density of ties among themselves (the periphery) by having few concepts in 
common.  We chose degree centrality in terms of socio-semantic relations because, as 
suggested by [1] it may be loosely interpreted as semantic capital: in other words, the 
number of concepts an actor has used is likely to render the variety of topics s/he has 
dealt with in the epistemic network. 

The data sets were analysed by two software packages: NetMiner 3 from Cyram Co. 
Ltd. and UCINET 6 from Analytical Technologies.  

4 Results 

4.1 The PRO-VE Conceptual System Evolution 

From the terminological and conceptual analysis described in the previous section 
resulted the top-10 and top-20 rankings of concepts for each of the PRO-VE 
proceedings. An extract of them is shown in figure 2. In the top-10 ranking, 43 distinct 
concepts were identified.  
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Figure 2 – Extract of the rankings of concepts for each PRO-VE proceeding 

Analysing the rankings for the whole existence of PRO-VE, it is possible to extract a 
conceptual core i.e., the foundational concepts of PRO-VE defined as the maximal sets 
of concepts that span a maximum number of years. The results are the following: 
����� = ��� !"#$	& '#(�)#!�&(, �� !"#$	*(!* 	 �+*, ,"+�(*++		 &�*++, +"		$-	�ℎ#�(/	 

(span: 14 years) 
����0 = ��&$$#,& #!��*	(*!1& 2/ (span: 11 years) 
����3 = ��� !"#$	, **4�('	*(�� &(5*(!, ,"+�(*++	5&4*$/ (span: 10 years) 
 

The foundational concepts represent approximately 16% of the total distinct top 10 
concepts. We call contingent concepts to the concepts that were included in the top-10 
ranking for at most 2 consecutive years and then disappeared. These concepts are likely 
to appear and disappear due to combinations of factors such as the “fashionable” 
research topics and technologies, major on-going projects or even the suggested topics 
from the “Call for Papers”. The contingent category represents 43% of the total. A third 
class of concepts are those who are neither foundational nor contingent. We call these 
regular concepts.  These are:  
Creg={knowledge	management,	 information	 system,	business	opportunity,	 virtual	 team,	

virtual	 community,	 web	 service,	 VBE	 member,	 VO	 creation,	 social	 capital,	 social	
network,	 CN	 member,	 VBE	 member,	 VE	 member,	 	 collaborative	 process,	 supply	
network,	service	design} 

 
Within the foundational concepts, it is interesting to analyse the case of collaborative 

network. This concept is mentioned for the first time in 2000 by Devine and Filos and 
more consequently used in 2002 by de Joode. In 2003 papers referring to this concept 
continued to grow and finally in 2004 collaborative network was definitely 
consolidated (top-10). From 2005 on, the collaborative network concept acquired a 
status of the most important concept within the PRO-VE community by being proposed 
to name a new scientific discipline [2]. Another interesting result comes from looking 
at the average of the C-values for each of the core concepts (see figure 3). Virtual 

Breeding Environment has the highest C-value average which is indicative of the 
importance of this concept within PRO-VE. Figure 3 represent the PRO-VE conceptual 
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core together with a set of relationships between concepts. These relationships were 
established by the three specialists after debate. Of course this is just a possible set. 
Other specialists could come out with a different set. It would be not odd to look at this 
concept map as an upper-level ontology of PRO-VE.  

 
Figure 3 – A possible upper-level ontology created from the PRO-VE foundational concepts 
(c_value_a=average C-value)  

4.2 The PRO-VE Socio-Semantic Network Evolution 

As mentioned in the previous section a sample of four years was selected to analyse the 
PRO-VE socio-semantic network: 1999, 2005, 2009 and 2013. For each of these years 
the k-core and the core-periphery analysis were run respectively on the actors-by-
concepts and actors-by-actors data sets. Degree centrality was calculated for the 1-
mode networks (authors-by-authors and concepts-by-concepts) generated from the 2-
mode one. Figure 4 shows a spring-like representation of the socio-semantic network. 
We can qualitatively observe which concepts are more used and, conversely, which 
authors use more concepts. The representation of the network follows an algorithm that 
group spatially the nodes having more connections. This can be also observed by 
looking at the size of the nodes which is proportional to the degree centrality of the 
actor or concept. 

An extract of the degree centrality values for the first five authors and concepts is 
shown in table 2. This representation enables a qualitative appreciation of the socio-
semantic network. Using simultaneously the scores of degree centrality both for the 
authors and the concepts, a more detailed assessment can be made. The centrality of 
some authors and some concepts is immediately evident. Although not shown in the 
network representation, each edge linking an author to a concept is weighted. This 
explains for example the relatively high degree of the concept near the top left corner 
(actually senior professional) even if it has fewer authors talking about it than the 
concepts more centrally located. This can for example indicate a couple of papers 
intensively referring the concept. As defined above, a k-core is a maximal group of 
actors, all of whom are connected to some number (k) of other members of the group. 
The k-core algorithm was applied successively to the 1-mode bipartite matrix of each 
year. We selected the highest k from each year resulting in the groups represented in 
the next table. The k-core algorithm tries to find the maximum k for which there is a 
maximal group of authors connected to k concepts and vice-versa.  
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Figure 4 – PRO-VE 2009 socio-semantic network (node size~degree centrality) 

 

Table 2 – The five highest scores of the degree centrality for each year (NetMiner). 
 authors concepts 

1999 

 
2005 

 
2009 

 
2013 
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The results (see table 3) suggest that in PRO-VE 2005 there was a relatively big 
group of authors addressing 4 concepts and also a relatively big group of concepts 
addressed by 4 authors. The other years, regardless the value of k, this group is quite 
small. Table  gives an idea of the connectedness of the 5-core and 3-core groups for 
2013. A categorical core-periphery model enables to subdivide the authors-by-authors 
1-mode network in two groups of authors: one exhibiting a very strong resemblance in 
the concepts and number of concepts addressed (the “core”), and other with very few 
communalities (the “periphery”).  

Table 4 shows the evolution of the “cores” for the four years in analysis. Each “core” 
of authors has an high density of ties among themselves because they addressed many 
concepts in common. We can observe a small “core” in 1999 and “cores” with almost 
the double of members in 2009 and 2013. 

 

Table 3 – k-core results for the maximum k in each year (concepts in bold) (NetMiner) 
1999 2005 2009 2013 

Table 4 – Categorial “cores” resulting from the core-periphery analysis of the authors-by-authors 
network 

1999 2005 2009 2013 

 

 

  

5 Discussion 

We will discuss now the results presented in the previous section, using for that the 
hypothesis formulated in section 3. 
H1.1. There is a core set of concepts used in all the editions of the conference 
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This hypothesis is confirmed as we identified, through the longitudinal 
terminological and conceptual analysis, a common set of concepts present in the top-
10 ranking. These are the foundational concepts of the PRO-VE research community. 
The degree centrality measure of the concepts and the concepts returned by the k-core 
analysis seems to further confirm the hypothesis.   
H1.2. The variability of the concepts not in the core is high; 

Approximately 53% of the concepts in the top 10 are contingent, meaning that they 
are addressed in at most two consecutive editions of the conference. This suggests an 
high variability of the non foundational concepts. However, if we take the top 20, the 
variability ceases to be high as very few concepts entered anew for the top 20 each year. 
H2.1. A core set of concepts is shared by the majority of the researchers 

The results from the k-core analysis seem to suggest the contrary. Neither the 
foundational concepts all appear in the k-core nor the group of authors in the core is the 
majority. Even if we consider a lower k this is nor confirmed. For example, in 2009, 
the 2-core — the set of authors using two concepts — includes only 57% of that year’s 
proceedings. This way, we cannot talk about epistemic communities, as defined by [1], 
within the PRO-VE community. To be considered an epistemic community, a group of 
authors should all share all the concepts in a given set.  
H2.2. There are groups of researchers that are likely to influence the adoption of new 

concepts. 

Although this is perceived empirically, it doesn’t follow from the results of our 
study. From the degree centrality measures, the authors Camarinha-Matos and 
Afsarmanesh are likely to be the main influencers, given their centrality in the network. 
However, this is not confirmed neither the k-cores nor  in the core-periphery analysis. 

The conceptual system of PRO-VE evolved, but not as much as we expected. There 
is a core set of seven concepts in the top 10, which makes the  concepts used in the 
majority of the papers very stable: the last foundational concepts appearing by the first 
time in the top 10 backs to 2004. On the contrary, the groups of authors sharing more 
concepts is not very stable throughout the years, as can be observed in the results of the 
k-cores and core-periphery analysis. On the other side, the more central actors are also 
more stable.  The limitations of this study lie mainly in using a derived social network. 
In fact, it is formed by linking the authors that co-use of the same concepts in their 
papers. This prevents an orthogonal analysis between the social network and the 
semantic network (conceptual system).   

6 Conclusions 

It was a long way for the PRO-VE community since the dominance of the concept 
virtual enterprise in 1999 to the relevance and centrality of collaborative network in 
2013. It was also a long way from 1999 where Camarinha-Matos and Afsarmanesh had 
a degree centrality more that the double of any other to 2013 where the centrality is 
more distributed between the more central researchers. 

In spite of this evolution, it is our opinion that the evolution of the PRO-VE socio-
semantic network is not enough to produce a more visible evolution in the knowledge 
communicated in the PRO-VE conferences. Apparently, the newcomers largely 
reproduce the “official” conceptual system (foundational concepts). 
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This study can be greatly improved, opening new possibilities for research. The more 
important improvement is to develop the social network model in order to include a 
temporal dimension. Besides building the usual co-authoring network for each year, the 
dynamics of this network could be captured by creating a cumulative function in the 
form NO�(!
) = �(NO�(!
R�)), where NO�(!) is a co-authorship network in the year t. 
This would provide a more detailed ways to analyse the evolution of the PRO-VE socio-
semantic-network. 
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