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La collana accoglie contributi di carattere interdisciplinare
relativi al dibattito sul campo derivate dall’applicazione di metodi
innovativi di ricerca e pratiche di uso dei Big Data, con un’atten-
zione particolare alle tematiche epistemologiche, metodologiche
e politiche di gestione dei contenuti digitali.

Secondo la letteratura internazionale è possibile definire la scienza
sociale computazionale come una disciplina che sfrutta la capa-
cità di vasti set di Big Data per analizzare le interazioni umane
al fine di definire prospettive qualitativamente nuove sul comporta-
mento collettivo, in un approccio interdisciplinare che comprende
sociologia, statistica, informatica, psicologia, diritto, matematica
e fisica teorica.

La ricerca sociale computazionale, basandosi sull’analisi del-
le tracce digitali delle attività online, l’analisi dei network sociali,
le fonti aperte digitali, la simulazione sociale attraverso modelli
computazionali, rappresenta uno strumento proficuo per l’analisi
del mutamento sociale. In tale direzione essa ha già prodotto,
negli ultimi dieci anni, moltissimi contributi che confermano la rivo-
luzione metodologica in atto. 

All’interno di questa cornice e in considerazione della cre-
scente consapevolezza della comunità scientifica internazionale
di quanto la ricerca sociale debba passare necessariamente
per un utilizzo attivo delle tecnologie dell’informazione, la collana
ha quindi come obiettivo principale la costituzione di uno spazio
di discussione epistemologica, ontologica e metodologica interdi-
sciplinare nel quale poter raccogliere, valutare e catalogare i contri-
buti specifici dell’analisi computazionale.

I volumi pubblicati, in lingua italiana o inglese, sono sottoposti
alla valutazione anonima di almeno due referees esperti nei set-
tori scientifico-disciplinari della matematica, della sociologia,
della statistica, della fisica teorica, del diritto, dell’informatica
e della psicologia.
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Preface
by Giuseppe Giordano, Andrea Salvini, Marialuisa Restaino

was the seventh of a biennial meetings series started in 2007 with the aim to 
promote relevant results and the most recent methodological developments 
in Social Network Analysis.

ARS stands for “Analisi delle reti sociali” in the Italian language: it is, 
-

ars from various disciplines within the social sciences, with the aim of shar-
ing their research and contributing to the dissemination and advancement of 
Social Network Analysis (SNA) on a theoretical, methodological and appli-
cative level.

-

the characteristics of a widespread and shared paradigm, especially in the 
social sciences – although it had already been consolidated international-
ly for at least three decades. The fundamental criticisms of this paradigm 

in previous decades around the theoretical dichotomies of reductionism/
determinism and structure/action, and by the contrast between quantita-
tive and qualitative methods. In this framework, SNA was considered by 
many as a partial and determinist perspective because it was exclusively 
concerned with the structural dimension of phenomena, and spoiled by an 
obsessive use of quantitative technicalities. This criticism could not have 
been more incorrect.

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603
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through the contribution of a growing number of scholars and the multiplica-

among others, is certainly that of computational social science, by virtue of the 
-

this volume is published in a series dedicated to computational social sciences, 
demonstrates the successful convergence between the two disciplines.

The growing awareness of the complex nature of social phenomena en-
forced the usefulness of the network perspective as a wealth of theoretical 
and methodological tools capable of appropriately penetrating within the di-

ARS has been mainly addressed to the study of Multilayer, Multilevel and 
Multimode Networks
were very large and varied. It should also be highlighted that the ARS con-

demonstrated by the presence of scholars from all over the world and of 

Finally, though a conference event is a place where specialized scholars 
meet together to give evidence of their recent researches, the ARSs confer-
ences have always paid great attention to younger scholars and to the actual 
impact that academic research can furnish to the society, in a broader sense.

-
-

we recall the related publications:
 –

Special issues in the Italian Journal of Applied Statistics
 – -

odological Challenges”, Special issue in Social Network Analysis and 
Mining

 – ARS’13 – June 20-22, 2013 “Networks in Space and Time: models, data 
collection and applications”, Special issue in Network Science

 –
Industry and In-

novation

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603
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 – -
ods for Relational Data”, Special Issues Advances in Data Analysis and 

Quality & Quantity
 – ARS’07 – November 30, 2007 “Per conoscere uno strumento – Uno stru-

Analisi delle Reti Sociali: 
per conoscere uno strumento, uno strumento per conoscere, vol. 17, Rub-
bettino, Soveria Mannelli (in Italian).

to encourage some scholars to present their work in an extended version 
addressed to a wider area of possible readers.

This book

The book hosts eleven contributions that within a sound theoretical 

Network Analysis can contribute to explore, interpret and predict interaction 
and social behavior between actors. The formalism and the technical termi-

-
cy while the reference to real case studies may help the reader to discover 

Analysis.
-

odological, and a second part that contains essays of a more substantive na-
ture. However, as will be clear during the reading, both dimensions support 
each other, given the close connection that exists, within the SNA, between 
the substantive working hypotheses and the choice of consistent analytical 
techniques.

et al. is dedicated to community detection 
methods in complex networks. The paper proposes an original methodology 
for the selection of the algorithm, based on hub dominance and transitivity, 
according to which it is possible to identify communities with appropriate 
characteristics with respect to the observed network structure. The applica-
tion of this methodology to a case study (the crowdfunding platform “Ulu-

homophilia plays an essential role in the structuring of online groups.
The next chapter, by Sepulvado et al., shifts the focus to the temporal 

dimension in which network ties are formed, evolve and persist, introducing 
the notions of dyadic similarity trajectory and dyadic similarity trajectory 
cluster. The two notions allow to predict the temporal dynamics of a network 

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603
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through the analysis of the way in which the patterns of similarity between 
dyads change over time, and eventually transform or decay. Further devel-
opments of this approach can involve the use of other endogenous measures 
to the network, in addition to that of homophilia, such as that of centrality, in 

cluster and actors’ characteristics in a temporal perspective.
-

dition of studies, and shows the usefulness of the use of the network autocor-

presence of interdependent individuals embedded in the networks. The mod-
el is applied within a survey conducted in a university context, aimed at ver-

academic performance. The essay focuses on the construction of relational 
variables and those used to verify the working hypothesis, keeping under 

factors. Among the outcomes of the research it is worth highlighting how 
the processes of interaction between students in university contexts clearly 

volume, apply the techniques of the multilevel exponential random graph 
-

teractions within two Third Sector inter-organizational networks operating 
in Southern Italy. The multilevel models in the context of the proposed re-
search, have allowed to test hypotheses on how and how much the presence 
of links to the lower-lever of social actors (such as organizations) depends 
on the links between actors at higher levels (such as those involving orga-
nizations and their activities). The results of the elaborations have led the 

participation in social interventions at the community level, strengthens col-

for the territorial communities served.

of continuity with the previous one, since it has as its object the study of 
the network structure constituted by collaborative interactions between or-
ganizations that carry out social policy interventions on some small munic-
ipalities in Southern Italy. The descriptive analysis of the network parame-

qualitatively and quantitatively the relationships of collaboration between 

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603
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evidence that in small municipalities the mutual knowledge between social 
actors (individual and collective) is still an important condition for the devel-
opment of meaningful collaborative relationships.

The chapter edited by Trebitz and Shrestha, focus on drivers of the 

-

theory and a mixed methodological approach, the authors argue that the gov-
ernance under study is characterized by a core-periphery network structure, 
in which the centrality of the actors is driven by the roles they act in the 

the resources they possess and the informal behaviors that are acted in the 
network.

The seventh chapter, edited by Shrestha, uses the techniques of compar-
ison group evaluation and bipartite exponential random graph models in the 
case of network building of the rural communities with organizations in Ne-
pal after the end of the project assistance. The results of the analysis work 

the assistance, which raises questions about the extent or the duration of the 

importance of the application of social network analysis in the evaluation of 
intervention projects – an aspect scarcely present in the literature – and how 
the analysis of the communities’ networks with organizations could serve as 
a useful diagnostic tool for community development professionals engaged 
in improving community capacity and network building.

The chapter of Russo et al, projects us into the contemporary atmospheres 

analyses the dissemination of information in the Twittersphere during the 

social actors in the social media of Twitter and how they are connected to 

and dissemination agents of content on Twitter. Applying techniques of se-
mantic network analyses, the authors show how, in Covid’s time, the stage of 

-
nalists, and satirical commentators, who show to perform mainly political 
polarization function.

-
-

sented aims at investigating the structure of lending relations in pre-modern 
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economy, in particular focusing on the network established by a merchant 

concerning the social and economic mechanisms of early credit markets. The 

must be accompanied by careful consideration of the socio-economic con-

The chapter edited by Del Forno and Di Gregorio, proposes a study on 
ego-networks of innovative startups “with social vocation” in Piedmont and 
Campania, with the aim of recognizing the signs of possible integration be-
tween the sphere of public authorities, the business community, and the or-
ganized civil society. Adopting a mixed-methods approach the authors were 
able to compare the characteristics of ego-networks of innovative enterprises 

structure at local level. 

study in which the network perspective is applied to the dynamics of mobil-
ity of Erasmus students, both incoming and outgoing from Italian universi-
ties, in the academic year 2013/2014. 

-
ous situations of heterogeneity between groups of states in Europe, which are 
often expressed in evident asymmetries both in the dimension of the balance 
between incoming and outgoing students, and in the disciplines of study – 
which see the preeminence of human, social and engineering sciences, to the 
detriment of natural sciences and ICT.

The contributions presented here are only a small cross-section of the em-
pirical and theoretical wealth that is provided by the Social Network Analysis, 

analytical tools. Sometimes, the large number of research experiences do not 

Therefore, there is an increasing need for events and tools that allow to reduce 
the fragmentation of these experiences, and to foster a broad interdisciplinary 

There is also the need to guarantee the younger generations of scholars a 
wider and more reliable access to training and sharing opportunities with re-
spect to the development of methods and techniques of social network anal-
ysis. We are convinced that volumes such as the present one and events such 
as those guaranteed by the ARS Conferences can contribute to the pursuit of 
these objectives.

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603
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1. How to choose community detection methods 
in complex networks to study cooperation 
and successful organizations.
The case study of Ulule crowdfunding platform

* ** ***

1. Introduction

In recent years socio-economic research on online groups and commu-
nities often proposes to extend the traditional approach and to encompass 
social network analysis modelling relationships by edges in the graph. The 
joint analysis of the two types of data-socio-economic and network struc-
ture – makes possible to provide important insights on the group function-
ing and to reveal properties of a social network that are not immediately ob-
vious, e.g. the existence of sub-networks or communities operating within 
the global network.

For instance, in the context of crowdfunding platforms, many studies fo-
cus on the directly observable interactions among the participants of indi-
vidual projects and show their role for the success of fundraising campaigns 

-
tures which are not explicitly stated in the context of crowdfunding platform 

-
yond individual projects, by broadening the initial social capital of projects’ 
leaders, and form a platform-level cross-project social network. Does the 
participation of the members of this cross-project network guarantee higher 
success rates of crowdfunding campaigns? These questions have strong man-

*

imt-atlantique.fr.
**

imt-atlantique.fr.
***
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agerial and economic implications for the platforms: Could this networking 
lead to the formation of a core group with an intense participation? Should 
the platforms further develop the mechanisms for cross-project networking? 
How should project leaders surround themselves to give themselves every 
chance of success? The study of these questions necessitates an appropriate 
methodology based on the detection of implicit communities. Therefore, the 
question arises of how to choose an appropriate community detection algo-
rithm, relevant to the particular context.

As a matter of fact, many community detection methods exist. They have 

-

density of edges connecting them” (Newman, 2006), algorithms may opti-

terms of computational properties, such as complexity, as well as in terms of 

Hric, 2016), describing resulting partitions quality. However, as demonstrat-

et al.
is still a problematic task, especially if we are not aware of the underlying 
mechanisms.

Some recent papers have attempted to provide guidance on algorithm se-
lection using criteria such as the mixing parameter of a network, computa-

-
scriptive network-oriented metrics on structural patterns within communities 

et al. argue that such criteria 
should not be applied alone, but in conjunction with business-oriented objec-
tives: the “best” method depends on the context, on the research question, i.e. 
on how the communities will be used (Smith et al., 2020).

The current paper addresses this problem. It proposes an original meth-
odology to guide practitioners in their choice of methods in connection to a 

 
qualify their results, i.e. the resulting partitions, through qualitative charac-

the research question.

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603
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The case of the Ulule crowdfunding platform is used as example. In this 
case study, we suggest that some non-directly observable communities may 
exist within the cross-project social network. However, as in many explor-
atory studies, we have no preliminary information about their number or 

-
nal organizations and to explore whether there is a relationship between par-
ticular communities’ organization and the success of fundraising campaigns. 
This last element is the central research question of the case study.

This paper is organized as follows: In Section 2, we introduce the Ul-
ule platform and its cross-project social network. In Section 3, we present 
a methodology which permit us to select, among 11 methods, three most 
relevant and convergent algorithms to discover the communities. In Section 
4, by introducing additional socio-economic attributes of communities, we 

2. Ulule crowdfunding platform

2.1. Ulule platform and its network

been used by an increasing number of companies, associations and individu-
als since the early 2010s. Its principle consists for a project “pitched” by its 
creator, to collect money from a large public. Thanks to numerous interaction 
mechanisms between participants (comments, news, promotion systems, 
etc.), these platforms play the role of facilitators of social capital.

To better understand the networking role of crowdfunding platforms, we 
use empirical data for the period 2010-2016 from the Ulule platform – one of 
the main crowdfunding platforms in France and Europe, which pays particu-
lar attention to the strengthening of its proper platform’s community1. After 

1 https://www.ulule.com/about/ulule/.
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2.2. Graph of co-contributions

-
jects, but they regularly “meet”, in each fundraising campaign, the same 
participants also contributing to these projects. We suggest that these active 
contributors, involved in a least 3 projects with at least 1 other contributor, 

non-oriented graph of co-contributions, in which each edge (u,v) means that 
the users u and v have contributed to 3 or more projects together. There are 

proves that the social network, transverse to individual projects, really ex-
ists at the Ulule platform.

We notice that the distribution of the Ulule’s thematic categories accord-
ing to 
reveals interesting information. The improvement in the success rate of 
campaigns of projects belonging to the graph is observed for all categories 

and Publishing. Indeed, these domains have a strong social component in 
the production and -
est in studying communities of the active Ululers.

of 

contribution behavior (number of projects funded, average amount of contribu-
tions, specialization rate which quantify the variety of thematic categories ad-
dressed (projects’ category) and their similarities with the neighboring nodes).

Multiple correspondence analysis on these attributes, followed by a hi-
-

et al., 2020), but for 
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 –
centrality. They may be considered as facilitors. Involved in 140 projects 

 –
of the campaigns. They prefer very big projects (which average objective 
is more than 17k euros). Exhibiting a high closeness centrality, they fre-

 –

 –

links between neighbors. This may show a strong solidarity between some 

specialization are not necessarily identical. They don’t contribute to a very 

 – -
ber of projects, nor in volume of contributions. They are not particularly 
highly connected as well, but they are however passionate about very 

therefore social homophily.

of the community detection method in connection with the case study re-
search question.

3. A methodology to choose community detection methods

There are many approaches to perform community detection based on 

not to provide an exhaustive overview here. We refer the reader to surveys 
et al., 2017) to get details about these 

-
duced can be, making the choice of a method non obvious.

We carefully kept a large variety of approaches as summarized in Table 
1. While Edge betweenness is based on edge centrality detection in order to 

modularity by iteratively folding nodes into meta-nodes. Spectral method is 

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603
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leading eigenvectors corresponding to largest eigenvalues of a modularity 
matrix. Some approaches are based on a dynamic distance: for Walktrap, if 
two nodes are in the same community, the probability that a random walker 
will move from one to another in only a few movements is very high (notion 
of trap) and consequently the distance is low. Conclude combines a similar 
random walk-based distance to agglomerate nodes, and the local optimiza-

compression of random walks represented by an encoded binary sequence. 
Inspired by epidemic spreading mechanisms, a more basic and direct distance 

belong to the same community as most of its immediate neighbors. In the same 
vein, concepts have also been borrowed from theoretical physics with the Spin 

the idea is to consider nodes as spin states and to minimize the energy of the 

likeliness that a given observed network (and its latent block structure) is gen-
erated from a compatible model, and then suggest the most likely set of model 
parameters. Methods are often compared with classic quantitative measures 
from information theory domain, such as NMI, the Normalized Mutual Infor-
mation (Chakraborty et al., 2017), which evaluates their agreement to arrange 
nodes into similar clusters. Recent studies introduced more intuitive, and very 

-
rics dedicated to graph analysts. They describe the communities with structural 
measures, in order to quality the communities from a topological point of view. 

star-based structures, cliques (this will be detailed later, in Figure 3).
In this paper, we propose to practitioners a methodology based on both 

these quantitative and qualitative metrics. We show how to use them in order 

business question – which communities lead to successful fundraising –, we 
show how to select the most relevant method:
 – the initial step is to run community detection algorithms. We used 11 

methods described in Table 1 and 11 partitions (where each node belongs 

 – step 1 aims at the choice of a subset of methods. We compare the partitions 
with validation metrics. Since we have no preliminary knowledge on the 

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603
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platform’s communities, we are looking for the methods making consen-

 – as proposed in the previous literature, Step 2 brings an additional intui-

 – step 3 characterizes the consensual partitions with qualitative measures 
that are relevant for the current business-oriented problem. As our case 
study focuses on organizational patterns involving nodes, we will use bi-
variate maps based on graph structural indicators, such as the hub domi-

 – -

3.1. Initiate the selection with consensual partitions

After the initial step, that is run the 11 methods with their default pa-

how nodes are arranged into clusters: we compute the Normalized Mutual 
Information (NMI) often used in community detection because it allows the 

-
ber of clusters. We apply its normalized variant with values in [-1, 1] which 

et al., 2017). The 
Figure 1b shows how our 11 partitions are astonishingly similar from a NMI 
point of view where all scores are positive, ranging from 0.26 to 0.76, with a 

0.6 when compared to each other, with a very consensual group consisting 

explained by the fact that Spectral and Spin Glass implement inherently 

As an intermediate result, on the basis of the NMI scores, Edge -
ness, 

partition, in our example, gives a high probability to successfully deduce its 
membership in the 3 other partitions.  is also quite close to this group 
and as it is frequently used, we don’t want to discard it right now.

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603
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Tab. 1 – A summary of community detection methods used to study community structure

Method Approach Reference
Multilevel modularity et al. 

Fast greedy Modularity optimization Clauset et al. (2004)
Spectral
Spin glass Energy model

Stochastic blockmodels
Walktrap Dynamic distance
Conclude Dynamic distance Meo et al. (2014)

Edge centrality detection
Infomap Information compression

Topological closeness Raghavan et al. (2007)
Topological closeness

Fig. 1 – The similarity between community detection methods in terms of (a) Community 

a b

c

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603
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-
ploratory studies, as the current one, where practitioner has no a priori 
knowledge about communities that she wants to analyze, it is important 
to identify such robust clustering, demonstrating an agreement between 
different methods. This step is determinant for the further exploration of 
the research question.

3.2. The size of communities as qualitative choice

We propose then to complete the NMI analysis by adding information 

types of partitions. Some communities are large with tens or sometimes 

or 3 members) to medium-sized communities (around 10-20 nodes). These 
two classes of methods are depicted in Figure 1c, where the similarity score 
compares the distribution of sizes of communities (score introduced in Dao, 

only produces huge ones. We observe the same disparity when we focus on 
-

some of them have also more than 100 nodes.

Fast -
munities, we have to choose whether we give priority to small-medium com-
munities or to large ones. This example demonstrates that whereas in some 
contexts, the size criteria may be enough to make a choice, such information 

-
cuses on the communities’ forms and -
paigns, we add topological indicators in order to 
from the organizational perspective.
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In order to characterize organizational patterns within communities, 
which is our business-oriented objective here in the case study, we propose 
the use of structural measures applied to communities such as internal link 
density, average centrality of nodes, average degree. Such indicators are 

to describe structural patterns. For example, ploting a bivariate map with 

relevant when one considers internal patterns of organization like cooper-
ation, because their combination leads to well-known patterns depicted on 
Figure 3:
 – hub dominance: Internal edges of a community can be distributed in 

various ways around its nodes, either concentrating around a few high-
ly centralized nodes, or uniformly distributed over the nodes. The Hub 

well-connected nodes. The higher this metric of a community, the more 
likely it has a hub-like structure. Hub dominance can be considered as a 
normalized version of degree centrality. High Hub dominance leads to the 

 –

of a vertex are connected. This metric is usually employed to evaluate 
modular structures (grids) or clique dominance in networks (Fig. 3). For 
example, high Transitivity coupled with similar spheres of interests (or 
other attributes) among individuals often indicates the existence of social 
homophily, especially in online groups, also known as the proverb “birds 

Figure 2 plots the communities in the Hub dominance vs Transitivi-

dominance and low Transitivity, most communities could be considered as 
“string-based” structures (Fig. 3a). In order to detect whether or not cooper-
ation exists within large communities, we should have to zoom-in to extract 
dense sub-zones, i.e. apply again a detection of community to each commu-
nity, and then project the new smaller communities in our bivariate map.
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small and medium-sized communities seem to generate various directly ob-
servable types of organizations. Indeed the points are distributed in 3 of the 

in the upper part of the map. This means that their members are organized 

some clique-based organizations (Fig. 3d), where Ululers are (nearly) all con-
tributing with each other to common projects. When the Transitivity is low, 
the organizations are mimicking star-based structures, with a very high cen-
tralization (Fig. 3c). Ululers in these groups are less involved in horizontal 
cooperation, but seem to follow  (Ululers with large degrees) who 
concentrate common projects with a lot of poorly connected contributors.

very good candidates: (i) they belong to the consensual group of methods 

-
logical structures, demonstrates however interesting properties of high Hub 
dominance in its large communities. For this reason, we propose to keep 

Fig. 2 – Structural description of communities in terms of Hub dominance and Tran-
sitivity (consensual methods)
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Fig. 3 – A categorization of internal community structure according to two topological 
property dimensions: Hub dominance and Transitivity [6]. Four representative topolog-
ical communities resulting from their correspond ing scores of Hub dominance and Tran-
sitivity: 

To summarize, Table 2 describes the obtained communities using several 
conventional network metrics. First, the three partitions do not appear very 
distinguishable with regards to these traditional indicators. Interestingly, it 

-
gree. Moreover, the average closeness centrality and the average density also 

need for more qualitative measures, such as the bivariate map that we pro-

methods and to be able to choose among them.

Tab. 2 – Conventional topological metrics to describe communities: number of ob-
tained com munities (in brackets) and average statistics calculated on the whole set 
of generated communities

Method 
(Communities 
count)

Member count 
(mean)

Degree 
(mean)

Clustering 

(mean)

Betweenness 
(mean)

Closeness 
(mean)

3.63 0.26 0.24
0.20 0.23

Walktrap (167) 0.22
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 communities

At this step, in accordance with the objective alignment approach (Smith 
et al., 2020), we introduce additional information on the contributors’ pro-

partitions, and to choose one relevant community detection method. Depend-
ing on particular context and available data, other socio-economic indicators 

4.1. Final selection of the method

 
methods, regarding the distribution of contributors’  the following 
clustering methods were used: (i) a principal component analysis (2 dimen-
sions) followed by an agglomerated hierarchical clustering (Euclidean dis-

(iii) a decision tree.
The decision tree produces clusters of communities (families in Figure 

4) almost 

analysis is not obvious when considering these measures (completeness  
 ARI   but nevertheless, the distribution of the types of contrib-

utors remains relatively close.

Fig. 4 – Typology of communities (Edge Betweenness, Decision Tree)

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603



30

-
ferent community families when we compare the 3 community detection 
methods and their clusters of communities. The same variety of community 
forms can be seen:
 – Family 1 (with the Sponsors): very large balanced communities com-

 – Family 2 (Specialists): communities very clearly dominated by Special-

 – Family 3 (Followers, Precursors): small and even micro communities 
rather dominated by Precursors and to a lesser extent Followers.
Therefore, regardless the clustering method and the community detection 

method, the three afore-mentioned families of communities are clearly de-
tected. The only distinguishing feature is the representation of each commu-

-

mainly Family 1 and 2 items, and not surprisingly, most of the 167 (small) 
communities produced by Walktrap are from Family 3.

communities of various sizes, exhibiting substantial examples of each family 

Tab. 3 – Sizes of communities and their contributions by Family (Edge Betweenness, 
Decision Tree)

Family Community 
(count)

Member 
count per 

community 
(mean)

Member 
contribution 
(mean in €)

Project goal 
(mean in €)

Project count 
per member 

(mean)

Project count 
per community 

(mean)

1 41.4 14.4
2 47.7 13.3
3 36 7.0 41.3 13.7

4.2. Community structures and projects success

the communities and their success rates in fundraising campaigns.
-

ness and closeness centralities of the members, mean degree) and socio-eco-
nomic attributes (volume of funding, number of interactions via comments, 
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thematic specialization and project success rate) in order to characterize col-
laboration rates and organization of communities.

Tab. 4 – Communities’ characteristicss

Family Member 
count per 

community 
(mean)

Project 
count

Shared 
project count 

(mean)

Theme count 
per communi-

ty (mean)

Comment 
count per 

project 
(mean)

Community 
Clustering 

(mean)
1 1,642 4.3 13.4 73.2
2 3.7 4.1 137.3 0.32
3 7.0 3.4 176.0

-
-

jects within a community (weight of links in the Ulule social network), cohe-
sion of members of a community around the same projects (clustering coef-

in the Table 4, each family of communities in the case of the Ulule platform 
favors one of these forms.

The combination of two collaborative aspects – the weight of links in the 

can inform us about community organization. For example, in Family 1, the 
fact that the average number of shared projects is very high but the members 

here the communities with low Transitivity and high Hub dominance (prob-
ably star-based communities as seen previously). The Sponsors may play the 
structuring roles of these communities.

The communities in Family 2 are made up of members who share the 
same interests. These thematic groups, which are strongly connected and 
supportive, collectively take their decisions on project funding and contrib-
ute on average more than other communities.

Finally, in Family 3, communities are also structured around certain 
themes but without clear specialization. Members of these communities 
communicate a lot through the feedback system (comments).
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4.3. Comparative analysis of success rates of families of communities

Since the thematic categories are not represented in a balanced way in the 
three Families of Communities, we cannot directly compare the respective 

we look in more detail at the communities that have a 100 percent success 

have very close thematic choices.

Tab. 5 – Communities with high success rates vs. communities with lower success 
rates. The indicators are averaged by community. Sub-table “All” shows the indica-
tors for all 72 communities

Shared 
project 
count 

(mean)

Comment 
count per 

project 
(mean)

Project 
goal 

(mean)

Member 
count 

(mean)

Theme 
count 

(mean)

Degree 
(mean)

Betwee 
nness 

(mean)

Clustering 

(mean)

Success Rate 100% (13 communities)
mean 11 6 4 2,126
std 6 1,120 6,132 3 3 1.06
min 3 2 2,630 3 1 1.67 777 0

6 21 3 1 2.00 0
60 4 3 0.43

123 6 7 0.67
max 22 13

Success Rate < 85% (9 communities)
mean 11 234 4 4 2.06
std 10 6,271 2 3 721 0.17
min 2,202 2 2 0

6 3 3 1.67 0
6 7,006 3 3 0

12 3 2,00 0.06
max 11 0.44

All (72 communities)
mean 6 0.20
std 122 4 0.22
min 3 2 2,202 2 1 0

33 3 3 2.00 0
17 2,077
36 13 3.63 0.30

max 6.46
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terms of the objectives to be achieved (all types of amounts are represented), 

have rather modest projects.
-

long to Families 2 and 3. What can be noticed in the Table 6 is that the 
most and the least successful communities share quite similar characteristics 

-

that characterizes Family 2 and partially Family 3, does not in itself guar-
-

formance of fundraising campaigns, they must be coupled with strong social 
involvement and cohesion of its members.

With regard to Family 1, characterized by a high centralization and a high 
thematic openness, we notice a relatively high success rate. Thematic diver-
sity also attracts participants in communities.

Community detection makes it possible to identify very diverse groups 
in a social network. This paper demonstrates a methodology to choose one 
relevant community detection algorithm, among 11 well-known ones, pro-
viding fruitful insights into the cooperation forms not directly observable on 
a crowdfunding platform.

The choice of a particular community detection method is not an easy or 
a neutral choice. As demonstrated in the paper, depending of partition meth-
ods, practitioners obtain a range of various community types, which will 

that an accurate way to choose one suitable method is a complex task. Es-
pecially in the context of exploratory studies it necessitates the combination 
of a range of techniques, e.g. in our case, partitions’ similarities, qualitative 
criteria and structural indicators (string- based, star-based or clique-based or-
ganizations of communities).

In line with N. Smith et al. (2020) this study substantiates that the choice of 
a method is determined by the research context and problematics. Additional 

available options in the methods choice. Their alignment with the practition-
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method. In the framework of the case study presented in this paper, the choice 

distinctive features, i.e. organization, number of participants, collaboration in-
tensity, thematic specialization, and performance in the fundraising campaigns. 

-

further business-oriented questions may be addressed: e.g. precise distribution 
of string-based, star-based or clique-based forms in communities’ families, life 
circle and evolution dynamics of the communities and many others.
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2. Examining the association between behavioral 
trajectory similarity clusters in social networks*

** ***, Mike Wood****, Cheng 
Wang*****, David Hachen******

1. Introduction

-
et al.

et al. et al., 2016), augmented with equally 
-

obtrusive means (Purta et al.
new opportunities to study the link between social networks and human be-

et al. -
wise interactions in the model of a static graph, there is now an emphasis on 
temporal dynamics and developing temporal versions of quantitative network 
structure (Dickison et al.
human behavior, there is a renewed emphasis on methods attentive to dynam-
ic change, such as event-history and time-series analysis (Epskamp, 2020). 

*

** -
-

***

****

***** -

****** Department of Sociology, University of Notre Dame, 4076 Jenkins Nanovic Hall, 
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classic social network concept of dyadic behavioral similarity and looking at 
it from a temporal perspective that emphasizes dynamic trajectories (Sepul-
vado et al., forthcoming). We depart from most prior work on similarity, 
which has looked at it statically with the concept of homophily. There has 
been a great deal of research attempting to both predict various types of ho-
mophily and assess its impact on network outcomes (Aral et al. -

et al. -

work looking at how changes in similarity predict tie formation, and how tie 
formation results in changes in the similarity between two persons in their 
behaviors. In this respect, the “dynamic” turn toward the study of dyads in 
general and homophily in particular advocated by Rivera et al. (2010) about 

et al. et 
al. et al., 2020). 

2. Background

In an earlier paper (Sepulvado et al., forthcoming), we developed the idea 
of dyadic similarity trajectories and proposed methods for assigning dyads 
into discrete, substantively meaningful clusters that help predict dyadic con-
nectivity and dyadic matching (homophily) on key sociodemographic traits. 
This paper uses those methods to explore the predictive linkage between two 
similarity trajectories, one based on physical activity and the other on social 
activity. 

The larger goal of this line of work is to model the association between 
various similarity trajectories in order to improve our understanding of how 
social ties in social networks form, evolve, and decay. In this paper, we focus 
on dyadic similarity trajectories based on similarity in the two vertices’ net-
work position as measured by their temporal outdegree, the number of people 
that they communicate with per unit of time and an indicator of how socially 

on similarity in network position and trajectories based on similarity in be-

use these two measures of similarity, how active people are physically and 
socially, to ascertain the extent to which similarity in outdegree is associated 
with both the probability of a tie and similarity in physical activity. Insights 
gained by analyzing the association between similarity in social and physical 
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activity will enhance our understanding of how behavioral similarity trajec-
tories can help predict tie formation, evolution, and persistence. 

We use data from the longitudinal NetHealth Study, which collected net-
work, behavioral, and attitudinal data from smartphones, activity trackers, 

-
work and behavior dataset, we generate dyadic communication similarity 
trajectories using daily counts of the number of outgoing (person-initiated) 
communication events obtained from smartphone logs. We compute daily 

-
der” dyadic communication similarity trajectory. We then use clustering 
techniques sensitive to the temporal (i.e., time-series) structure of the data 
to generate dyadic clusters, showing that the clusters help predict dyadic 
connectivity. Finally, we look at the statistical association between dyadic 
clusters based on communication trajectories with clusters based on physical 
activity trajectories, and we ask whether this association is moderated by 
dyadic matching in sociodemographic traits. 

2.1. Key Concepts

of a dyad, the idea of a behavioral trajectory, the concept of behavioral tra-
jectory similarity clusters association between 
distinct behavioral trajectory similarity clusters when considering two or 
more behaviors, which may include endogenous communicative activity in 
social networks. In the discussion, we elaborate on how our approach can be 
extended to other behavioral and non-behavioral temporal patterns of change 
and higher-order network motifs beyond dyads. 

2.2. Dyads

We begin with the classic social network concept of the dyad (Wasserman 

set of undirected links E, a set of vertices V, and associated symmetric adja-
cency matrix A

aij) in either the upper 
or lower triangle of the symmetric adjacency matrix (aij aij, i, j  V) refers 
to a dyad in the network. In the simplest case of an undirected network, there 
are two mutually exclusive types of dyads: connected (in which case aij
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and null (in which case aij
or tie) in the social network, whereas null dyads do not share an edge. 

In the temporal network case, dyads must be indexed at each timepoint 
because actors may join or leave the system and because dyads may transi-
tion from one state (e.g., similar) to another (e.g., dissimilar) or from being 
connected to null (and back). Accordingly, the question of whether two dyads 
are similar on a given trait must be separated from whether they have a direct 
link in the temporal network. More formally, at any point in time (t), an edge 
between two actors, i and j, may or may not exist, which can be written, using 
matrix notation, as aijt t, aijt
not exist at time t. A dyad can be similar or dissimilar on a given time-varying 
trait and be either connected or disconnected in the temporal network. Whether 
connected dyads are more behaviorally similar is an empirical question.

2.3. Actor-Level Behavioral Trajectories

Each actor in a temporal social network is observed at multiple points in 
time. This means that information obtained on behaviors, traits, and habits 
of the actor can also dynamically change over the observation period (Chris-

et al.
et al.
actor i at time t. The time series of values si sit(1), sit(2), sit(3)…sit(m)} 
across all time points m behavioral trajectory for that actor on that 
trait. For instance, if the trait is something like physical activity, such a tra-
jectory might indicate that an actor’s physical activity level might increase, 
decrease, or vacillate between the two. In essence, behavioral trajectories 
can take multiple functional forms with respect to time (Sepulvado et al., 
forthcoming). 

2.4. Dyad-Level Behavioral Trajectory Similarity

Since each actor in the network has a behavioral trajectory, each dyad can 
be more or less similar on that trait at each point in time. More formally, for 
each pair of actors in a temporal network i and j, with behavioral trajectories 
on trait s, denoted by si and sj
similarity at each point in time sijt
between the value of the trait for each actor at that time, or |sit - sjt|. Note 
that just like for each behavioral trajectory, the dyadic similarity trajectory 
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-
work, sij sijt(1), sij(t2), sijt(3)...sijt(m)}. 

This time series may itself display substantively meaningful behavior. For 
instance, a dyad may become more similar or dissimilar on the observed trait 

a variety of dyad-level factors, inclusive of dyadic similarity on other (both 
time-varying and -invariant) traits, such as whether the two actors in the dyad 
have similar value on sociodemographic attributes (e.g., race, religion) or en-
vironmental factors (e.g., propinquity) relevant to connectivity in social net-

et al. et al. et 
al., forthcoming). 

We can link the dynamics of dyadic behavioral trajectory similarity with 
other dynamics in a social network, most importantly the dynamic transition 
of dyads from null to connected (or vice versa) and, in directed networks, 
dynamic transitions of dyads from null, to asymmetric, to mutual (Wasser-

-
work analysis, such as whether similarities precede connectivity (transition 
of dyad from a null to a connected state), whether connectivity is a causal 
input into increasing similarity, and whether increasing dissimilarity leads to 
disconnectivity (transition of a dyad from a connected to null state) or vice 

et al.

2.5. Dyad-Level Behavioral Trajectory Similarity Clusters

The total possible number of dyads in a network increases super-linearly 
in the number of actors. As is well-known, for an undirected network repre-
sented by a graph of order n, there are ½n(n-1) possible dyads (Wasserman 

trajectories to be considered will similarly increase. When examining dy-
adic behavioral similarity trajectories in temporal networks, it is desirable 
to look for a way to cluster dyads into a smaller set of classes. The idea is 
to assign dyads to the same class when they have similar (e.g., substantively 
the same except for measurement error and small statistical deviations) be-
havioral similarity trajectories (e.g., all the dyads in the same class become 
more similar over time). Such a possible set of dyadic classes or clusters in 
social networks have been called behavioral trajectory similarity clusters 
(Sepulvado et al., forthcoming).
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Although previous studies have examined temporal changes in tie char-

et al. -
-

behavioral similarity trajectory clusters solves two fundamental problems 
(Sepulvado et al., forthcoming). First, many studies researching similarity 
dynamics in social networks condition on a dyad already being connected 

-
ond, similarity on behavioral and/or attitudinal traits is often considered at 
only a single time point (e.g., Aral et al.

et al., 2012), yet this stasis is not a valid assumption for many individ-
ual characteristics. For example, political attitudes can change, and behavio-

such trajectory clusters enable theoretical innovation. 

we extend the notion of behavioral trajectory similarity from exogenous 
(e.g., physical activity) to endogenous social network traits. Namely, we use 
the communicative activity -

et al.
Raeder et al., 2011). In a temporal network, each actor i may communicate 
(send ties) to a set of actors k at time t. The quantity k(i)t
communication of that person at that time, a measure of temporal network 
centrality referred to as temporal outdegree
measure of centrality is an indicator of a person’s sociability and varies both 
between persons (in time-averaged slices) and within persons over time. 

Absolute temporal degree  between the members of the dyad in 
the network (sijt k(i)t - k(j)t -
larity series based upon communication for each dyad. These, in turn, can be 

earlier. The second way in which we extend our previous work is by looking 
at multiple behavioral trajectory similarities in the same analysis. To that end, 
we construct behavioral trajectory similarity clusters based on an exogenous 
trait (daily step counts) and an endogenous trait (temporal degree). We then 
look at whether these two dyadic class assignments are statistically dependent 
upon one another using methods to detect a statistical association in categori-

the linkage between multiple dyadic behavioral trajectory similarity clusters. 
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3. Data 

undergraduates at the University of Notre Dame (Purta et al., 2016). To ex-
amine the relationship between health behaviors, communication activities, 
social networks, and other actor-level traits, students were equipped with 
smartphones and activity trackers worn on the wrist (i.e., Fitbits) and sur-
veyed before matriculation and every semester after that. Although the entire 

because students were still picking up their Fitbit devices. 

from calls, text messages, and WhatsApp messages. The metadata includes 
timestamped information of communication events and the numbers of the 
caller/sender and receiver. We use the data to construct a temporally aggre-
gated social network among study participants using a threshold: treating an 
edge as existing if there was any communication attempt in the period be-
tween any two pairs of actors i and j. For physical activity data, we use daily 
steps as measured by the Fitbits.

The communication and physical activity data are used to create distinct 

-
formation to compute each person’s temporal (daily) degree in the network, 

t. Sim-
ilarly, each person has a daily total number of steps for each day in the pe-
riod. Actor-level behavioral trajectory time series are constructed from both 
daily communications and steps. To derive dyadic similarity trajectories, we 

not all of these are included in analyses. If at least one of the actors in a dyad 
had missing data for a given day, we treated the dyad’s steps as missing for 
that day. Study participants could have no missing data on communication 
activity because days without communication were coded as zero. We ex-

Participants completed surveys collecting demographic information used 
in the analysis. We use this information to create three binary variables indi-
cating whether both actors in a dyad have the same responses for race/ethnici-
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student who did not identify with any of the racial identities, and 13 who were 
born outside the U.S. The sample includes 211 Catholics, 36 Protestants, 10 

4. Methods

To identify dyadic classes of (dis)similarity trajectories, we turn to unsu-
pervised learning. Yet, given that we start with trajectories (i.e., time series) of 

traditional clustering methods are unsuitable. We thus rely upon time series 
clustering methods. There are three general approaches within this class of 

-
quences of observations, or clustering the entire time-series (Aghabozorgi et 
al.

Rather than clustering using model-based methods (e.g., clustering on 
output from ARIMA models) or feature-based methods (e.g., clustering low-
er-dimensional representations of time series), we use a shape-based method 
that clusters multiple time series based upon the similarity of their shapes 
because previous evaluations have demonstrated that shape-based methods 
exhibit superior performance (Aghabozorgi et al.

-

k-shape algorithm. k-shape clustering is based on the k-means algorithm and 
considers multiple known distortions that are frequently present in time-se-

subsequences of the two time-series might have a similar shape while other 
subsequences considerably diverge (i.e., shift invariance). 

We assess the meaningfulness and validity of the dyadic trajectory simi-
larity clusters, based on temporal degree and obtained using the method de-
scribed above in two ways. First, we examine whether dyads assigned to the 
same temporal degree trajectory similarity class are more or less likely to 
transition from the null to the connected state during the observation period. 
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For this analysis, we specify a model predicting a dyad’s probability of be-
ing connected from the assigned similarity trajectory cluster membership and 
compute predicted probabilities of having a tie for each cluster. We use logis-

by the “rare-event” nature of the dyadic outcome (there is a larger class im-

1). Additionally, we tested a Firth-penalized model with intercept correction 
et al., 2017), which did not substantively change model 

performance. The Firth logistic regression treats whether a dyad has a tie (i.e., 

dependent variable and cluster membership as the dependent variables. 
Second, and this is the crucial innovation introduced in the paper, we ex-

amine the question of whether dyadic trajectory similarity classes based on 
one (endogenous) trait (i.e., temporal degree) are associated with dyadic tra-
jectory similarity classes based on another (exogenous) trait (daily steps). We 
use log-linear models to examine the association between cluster membership 

Additionally, we examine the extent to which any association between the two 
dyadic clusters is due to dyadic matching on time-invariant sociodemographic 
factors, which has been called “homophily” in the social networks literature 
(McPherson et al. et al., 2010). To do this, we use log-linear mod-
els of the three-way association between dyadic temporal degree and step simi-
larity trajectory cluster, and three types of sociodemographic homophily – gen-
der, race, and religion. These models allow us to ascertain the extent to which 
the association between step and communication activity clusters is partially 
the result of the association between demographic similarity and both step- and 
communication-based dyadic similarity trajectory cluster membership.

clusters to predict cell count (i.e., the number of dyads falling into each com-
bination) and identify systematic associations by examining which cells have 

-
ily measures (same gender, same race, or same religion), physical activity 
cluster membership, and temporal degree cluster membership. The baseline 

the communication clusters, and the homophily measure. The second model 

-
tween step and temporal degree cluster membership. These models regress 
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-

5. Results

The bar plot in Figure 1 shows the sizes of the clusters derived from 
outgoing communication, while Figure 2 presents the typical trajectories for 

k-shape clustering algorithm. The line 
in each plot in Figure 2 represents the centroid trajectory of a cluster. The 
x-axes indicate the day (with month labels), and the y-axes indicate the z-nor-

in that class on that day. Recall that each dyad trajectory is a time series that 

Fig. 1 – Sizes of degree-based clusters

score of zero across all days except for one large peak. Each peak occurs during 
a holiday break period where students typically leave campus and visit home, 

-

The peaks indicate periods when there is a great deal more communication het-
erogeneity in the population, which results in dyads between people with sub-
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z

Fig. 2 – Cluster centroids for degree-based clusters

If we focus on non-peak periods, other patterns are evident. In clusters 1 
-

tually stabilize (indicating convergence in temporal degree over time). For 

and 10 exhibit an inverted-U shape pattern with a period of dissimilarity in 
the middle. Clusters 6, 11, and – to some extent – 12 have more of an erratic 
pattern with periods in which the z-scores are below zero, thus indicating 
above-average similarity between the dyads. 

Figure 3 shows centroid plots for the 21 dyadic trajectory similarity clus-
-

tories, and the number of dyads within each cluster is distributed much more 
evenly than with the communication similarity trajectories. Clusters 3, 4, 

-

the Thanksgiving break, but dyads in 3 remain otherwise much more similar 
et al. (forthcoming) for a 

more detailed description of the clusters. 
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Figure 4 presents the results of the logistic regression predicting the tie 
probability based on cluster membership. We present the predicted prob-
abilities of a tie derived from model parameter estimates. Most predicted 
probabilities are around .02, which is the NetHealth social network’s overall 

dyad). Clusters 2 and 3 have higher than expected probabilities, while dyads 
in clusters 10 and 11 are less likely to be connected than expected by chance. 

Fig. 3 – Cluster Centroids for daily step dyadic trajectory similarity clusters

5.1. Association Between Steps and Temporal Degree Clusters

Next, we turn to the log-linear models. With residual deviance of 4664.2 
on 220 degrees of freedom, the Poisson model predicting the number of dyads 
falling into each step and communication cluster combination has a p-value 

the independence model: (observed count - predicted count)/sqrt(predicted 
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these cases involve communication clusters which have a stable daily z-scores 

Fig. 4 – Predicted probability of connected dyads by temporal degree cluster

Fig. 5 – Heatmap of the association between trajectory clusters
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examine the three-way association between demographic homophily meas-
ures (same gender, same race, or same religion) and step and communication 
activity cluster membership. Table 1 shows the results for gender, race, and 

marginal distributions for the steps clusters, the communication clusters, and 

homophily factor’s association with the steps and the communication clus-
-

ation of gender, race, and religious homophilous dyads with step and com-

p < 0.01). This indicates 
that dyads assigned to the same temporal degree and step trajectory similar-
ity class are also more (or less) likely than expected by chance to match on 
key sociodemographic characteristics. 

However, looking at the substantive
by the proportion reduction in deviance), we can see that the association 
between step and communication trajectory similarity clusters and race and 
religious homophily is much stronger than the corresponding improvement 

-
dicates that, while statistically discernible, the association between dyadic 
degree trajectory similarity cluster and gender is much weaker than for the 
other homophily dimensions. This is consistent with results reported in our 
previous work, which showed dyadic behavioral trajectory similarity cluster 
membership to have a weak relationship with gender homophily. 

temporal degree cluster membership. As already noted, there is a good deal 

these models is very low, indicating that a model with three-way interactions 
allowing the association between step and communication clusters to vary by 
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6. Discussion

Dyads are an important component of social structure and, for some, the 
building block of social networks (Wasserman et al.
et al., 2010). The analytic approach outlined here provides a way to take 

-
work and quantify aspects of dyadic network evolution. This allows us to 

is based on such basic social network constructs as homophily. Consider-
ing similarity to be a time-varying attribute of dyads yields the notion of a 
temporal dyadic similarity trajectory, which helps to specify the dynamic 
evolution of each pair of actors in the network concerning how similar (or 
dissimilar) they are on a target attribute. This attribute, as we have shown 

dyadic similarity trajectory cluster as a mapping 
that assigns each dyad to a data-derived class based upon whether they share 
a temporal similarity pattern with other dyads in the same class. 

that these clusters encode essential information, allowing us to predict both 
temporal network dynamics and whether a dyad is homophilous on a given 
set of (time-constant) traits. The results reported in this paper show that the 
dyadic trajectory similarity cluster approach previously shown to be fruitful 
when considering behavioral traits exogenous to the network (Sepulvado et 
al., forthcoming) can be usefully extended to actor-level traits endogenous to 

indicate that dyadic trajectory similarity classes derived from this type of en-
dogenous trait also encode useful information about network dynamics (e.g., 
helping us predict whether a dyad is connected or not) and are statistically 
associated with dyadic classes obtained from trajectory similarity based on 

social network ties form, how they evolve, and how long they persist can be 
garnered by constructing both behavioral and network position similarity tra-
jectories for pairs of persons and ascertaining how these similarity patterns 
change when a tie is formed, during the life of the tie, before its decay, and 
after the tie no longer exists. 

Future research should extend the approach proposed in this paper in sev-
eral ways. First, temporal degree is only one of many endogenous time-var-

-
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et al.
similarity trajectory and a related cluster assignment for each dyad. Future 
work can thus investigate whether dyadic trajectory similarity clusters based 
on other endogenous measures of actors’ position provide substantively rel-
evant network information (e.g., helping predict other dyadic properties). 
Such work can also examine the link between these other trajectory clusters 

Additionally, the approach proposed here can be extended to other net-
work building blocks or “motifs” (Milo et al., 2002) beyond dyads, such as 
triads and higher-level structures. After all, a dyad is a subgraph of size 2, 
and it is possible to extend the notions of similarity, similarity trajectory, 
and similarity trajectory clusters for subgraphs of larger size. For instance, 
triadic dissimilarity can be treated as an additive function of the dissimi-
larity between its three constituent dyads. The temporal evolution of this 
quantity thus gives triadic dissimilarity trajectories. Triads can then be as-
signed to triadic trajectory similarity clusters, and these could be used to help 
predict whether given triads belong to (or a more likely to transition into) 
well-known triadic connectivity classes (Wang et al., 2014), such as the null, 
open, or closed triad. 
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of network ties among university students in Pisa
by Anna Piazza* **

1. Introduction 

-
cational outcomes and what career paths they will take (for recent reviews 

-
-

als change their behaviour in response to their relationships with their peers 
(Rambaran et al., 2017) whereby individuals weigh and combine their own 

-

et al.

roommates or dormmates (Frijters et al. et 
al., 2010). For example, it is seen that the grades of individual students are 

-

properties of peers do not tell the complete story about the existence of peers 

-
-

* Department of Science, Technology, Engineering and Public Policy, University College 

** Department of Science, Technology, Engineering and Public Policy, University Col-
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outcomes. Given the social nature of peers in educational settings, available 
research suggests that network of interactions between students are impor-

et 
al. et al.

et al. et al.
study the role of social networks on student outcome, i.e. performance in 
terms of grades and satisfaction at university level. What this paper adds to 
the established literature is a focus on the mechanism that may be respon-

few studies that examine the role of social networks at the university level 
(Stadtfeld et al.

et al., 2011). 
The aim of this paper is therefore to empirically assess individual’s so-

post-graduate students who attend the same course at Pisa University in the 

educational settings have an important role for the development of sociali-
et al.

students can socialise. The following statement illustrates the exception of 
our setting: “We must start from the concrete observation that students who 
attend the courses at the Polo Piagge (that is the building where Political Sci-

in events, occasions and common spaces (that are examples of environments 
socialisation among students is frequently encouraged). In general, the way 
the built environment and teaching/learning are organized around individu-

-
mote socialisation where teaching and learning are organised around a well- 

exchange knowledge and information on course-related matters”1.
It is hence well-suited to address questions that are important in explain-

-
-

-

1 This statement is from the Professor of the Department of Political Science at the Pisa 
University.
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-

this sample. These questions are not only theoretically relevant to academic 

-
derstanding the process of socialisation among students may be important 
strategies for increasing student potential achievement at University level. 

individual’s outcome is shaped not only by their own characteristics but also 
by the average characteristics of the group of individuals they are associated 
with. They assume that individuals in a network are embedded in sub-groups 

et al.

-
tistical models be adopted”. This alternative statistical model is the network 

-
geneity in the existence of non-exogenous covariates which is a consequence 
of the interactions between individuals. In other words, the network auto-
correlation model allows to quantify the social process that are contained 
within the networks pose methodological complications due to the depend-
encies in the data, while the sociological covariates such as individual char-

and their satisfaction and, in both cases, other individual covariates such as 
student background, gender does not have an impact. Additionally, this paper 

in explaining the performance and satisfaction.
The paper is organised as follows. The theory is developed in section 

2. Empirical setting, data and methodology are described in section 3. The 
estimation of the empirical model and the results is described in section 4. 
The conclusion and potential directions for future research are discussed in 
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-
tions is the possibility to access information that are channelled through 

This happens because the social networks provide the relational structure 

et al.
et al., 2011). The role of social networks and its rela-

tionship with student outcomes is acknowledged in the study in primary and 
et al. (2017) examine the relationship 

are embedded in low-achievement network are more likely to decrease their 
own achievement. In addition, they show that students who occupy a central 
position within the network are more likely to increase their achievement. In 

et al. 

has an impact on individual outcomes. They show that the network position 
-

et al. (2012) determine the impact of networks 
-

ing with low-achieving social networks and high-achieving social networks. 

-

process in the university context. 

2.1. Formalising research hypotheses 

In the university, students are more likely to interact more where having 
-

can occur as a result of one student having network ties with another student 
who is knowledgeable and/or a high achiever. Students are more likely to 
achieve higher levels of academic performance as a consequence of being 
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on how to perform better (Frank et al.
performance is shaped by the existence of underlying ongoing advice rela-

et al., 2011). It is also pos-

because of having relationship with a high performing student. Consistent 
with this mechanism, we formulate the following hypotheses: 
 –  the higher is the interactions among students, namely stronger 

 –  the higher is the interactions among students, namely stronger 

-
-

et al., 2014). Research shows a 
positive correlation between the building environment and the socialisation 
process whereby students are more likely to interact more with each other 

-
-

vironment on academic performance whereby space facilitates socialisation 
process. The importance of the space is given by its social construct shaped 

is connected to the social conditions for learning, where students tend to be 
cooperative in teamwork and have a sense of belonging. “Instruction and 

centers where students decide what, where and how they will learn, enabling 

that the space of the building like common spaces (or public spaces), where 
easy access is available to students, is positively associated with high levels 

the establishment of regular routines encouraging socilisation among stu-
dents. However, this line of research is still limited. Determining the role of 
the built environment is empirically important to understand how the space 

-
-

portance of the building environment by looking at the space. Given this, our 
second hypothesis is: 
 –

 –
the higher is satisfaction.
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Consistent with prior research (Sacerdote, 2011), we assume and control 
that other sociological covariates, like shared individual characteristics that 

3. The case study 

3.1. Setting, data and methodology 

Educational settings are both testing grounds for individual achievement 

represent an ideal setting for developing and accessing research hypotheses 
-

oriented toward careers in social work or management of social institutions, 
public and private enterprises. Students enrolled in the course were not as-

Indeed, achievement in terms of grades are seen as one of the determinants 

regions with similar academic backgrounds and a variety of prior work expe-
riences. The data were collected during the second academic term in the sec-
ond-year graduate program. The students completed the survey instrument 
as part of their academic session. The survey instrument included sections on 
demographics and network questions. The survey was administered through 

2. 

-

lyceum at secondary school.

2 In line with Research Ethics regulation.
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3.2. Variables and measures

We use two dependent variables to capture academic outcomes, namely 
performance and satisfaction. 

Performance: performance was measured by using an average score of 
the students for all the exams taken by the student in the year. A score of 0 
represented that the examinations were not taken by the students. 

Satisfaction: satisfaction was measured by using an average score of 
nine items that were captured in the questionnaire (such as quality of learn-
ing materials, quality of relationship with tutors, quality of relationship with 
classmates, the personal and professional development). The reliability of 

-
isfaction was captured to understand how students perceived they achieved 
their cognitive learning outcomes. Satisfaction is seen as a proxy of perfor-
mance and is captured by several universities globally. This is measured to 
see if students believe that they have achieved the learning outcomes which 

-
van, 2012).

3.2.1. Network measures

Advice network: we collected social networks data through the well-es-
tablished roster method (Marsden, 2011). Each student was asked to answer 
the following question: “Please indicate the names of your classmates to 
whom you would go for advice on course-related matters. Please rate on 

of names in alphabetical order (by last name) and could check the box next 
to the individual if they considered them a person they went to for advice 

for the purposes of this study, we dichotomised the network with a thresh-
old value of greater than 1 because we wanted to capture all advice-seeking 

intensity of the relationships was not the aim of the current study. 
Figure 1 shows a graphical representation of the resulting advice network.
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Fig. 1 – Advice Network 

Each point (or node) in the graph represents a student. The colour of the 
-

resent an advice relationship. The network is binary and directed. Node size 
is proportional to academic performance with bigger node size representing 
better performance. Table 1 reports some network statistics of the advice net-
work. The network density shows high levels of interactions among students. 
Students on an average ask 20 of their classmates for advice. The standard 
deviation for out-degree is 13.333 and the standard deviation for in-degree 

common to be sought for advice by classmates. The average path length and 
network diameter are small and shows that students can connect with others 
with minimal steps. 
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Tab. 1 – Network Descriptive Statistics

Network density
Average degree
Standard deviation of outdegree 13.333
Standard deviation of indegree
Average Path length 1.74
Network Diameter 4

3.2.2. Control variables

There are several alternative explanations for individual student perfor-

-
spondents have to choose one item. We ask to the respondents why the space 
and the layout are (not) designed to promote socialisation among students. 

education (parents’ background as number of years in higher education). We 
control for whether a student mainly spend all his/her time to study and or 
to work. The students are separated in three categories, coded I do not work, 

due the particular segmentation of the Italian job-market. In Table 2 are the 
variable descriptive statistics that are used for this study. 
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3.3. Methodology 

-
ence of peers in a network while taking into account node-related character-
istics (in our case, gender, students’ background, family background, prior 

-

-

-
pendent units which are embedded in the network. This interdependency will 

are unbiased. Within the NAM, there are two classes of models that help 

is included in the dependent variable y to account for the interdependencies 

et al.

where, the assumption is that the error term is distributed normally. 

-

intercept term’s unit vector. The network matrix is represented by W which 

This model has been chosen for two reasons. Firstly, this enables to mod-
el the academic performance of the individual as a function of their prior 
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education, socio-demographic attributes as well as the performance of the 

We use two dependent variables namely performance and satisfaction. 
The full model is reported in Equation 2 and 3.

 + pWAdviceNetwork + 1Gender + 2Age1 + 3Age2 + 4Location1 + 
Location2 + 6StudentBackground + 7ParentsBackground +  
BachelorsGrade1 + BachelorsGrade2 + 10StudentStatus1 +  

11StudentStatus2 + 12

 + pWAdviceNetwork + 1Gender + 2Age1 + 3Age2 + 4Location1 + 
Location2 + 6StudentBackground + 7ParentsBackground +  
BachelorsGrade1 + BachelorsGrade2 + 10StudentStatus1 +  

11StudentStatus2 + 12

5. Results

-
tion 2) uses the dependent variable performance and Model 2 (Equation 3) 
uses the dependent variable satisfaction. We use R 3.6.1 and the libraries 
SNA, iGraph (for plotting the networks) and lnam package for estimating the 
network autocorrelation model. 

-

-
ment facilitates the interaction among students, they tend to perform better. 
The estimated parameters for the control variables are generally statistically 

this indicates that students who work part-time and study part-time have a 
lower performance compared to the other two categories of students who 
study full-time and those that study most of the time and work part-time oc-

-
ground) have a higher likelihood of performing better.
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Tab. 3 – Results of network autocorrelation model – Standard error in parentheses

Model 1 
(performance)

Model 2 
(satisfaction)

Age1
(0.6020)**

Age2
3.0121

***
0.0214

(3.0220)

(1.1724)** ***
-3.3710 0.6203

(3.1677)
0.7076

StudentStatus1
0.2334

StudentStatus2
-10.7043

** (0.6744)
0.3467

(1.0740)*** (0.2011).
0.0076 0.0067

(0.0033)* (0.0020)***
AIC 247.1

276.6

-
plaining satisfaction of students showing that students who interact more have 
a perception of achieving the desired learning outcomes better. The estimated 

-
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through a positive impact on satisfaction of individuals. The estimated param-

through variables age1 and age2) have a higher satisfaction compared to those 

(captured through parents’ background) have higher satisfaction.

6. Discussions and conclusion

What happens in university lays the groundwork for work careers, but 
students may not always have such a long-term view. What may be impor-
tant to them is what is immediate – in a short period –, such as successfully 
passing a course through knowledge and information sharing. In this study, 
we have shown that when students attend the same course their individual 

-

process at university setting. Moreover, we investigated the predictions that 
-

dents socialisation and therefore their outcomes.
-

ence as an important point in the formative process of interactions among 
academic student at university level. Understanding the interaction is impor-

facilitates learners to have a meaningful dialogue thereby enabling them to 
-

tant as the goal of the courses is not to see if students can repeat or memorise 
but to ensure they are able to exhibit, demonstrate contextual knowledge 

-
dergraduate levels show that students believed that when they had a chance 
to have social interactions, they have been able to be more interested in 

-

contributes to understanding how the built environment impacts socialisa-
tion especially at a university setting. While the built environment intends 

message. The environment is devoid of communal activities as the building 
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does not provide social spaces. When the social spaces at the university are 
well thought-out, this results in fruitful encounters and interactions among 

environment wrong at the university would result in students losing focus 

contributes to furthering the understanding between the built environment 
and subsequently student performance by unequivocally showing that better 
interaction that is facilitated by the built environment acts as a backdrop to 
learning and leads to better performance and satisfaction. 

-

advice relation between students. However, advice relation and knowledge 
sharing are not the only form of interactions. We choose this relation because 
prior studies have shown its importance and how the exchange of knowl-
edge encourages social learning by promoting the exchanging of information 

important because social learning is the main micro-process underlying the 

socialisation, that is social learning, because we are interested in understand-
ing the social mechanism correlated with student’s performance. Clearly, the 

such as social integration, cohesion, collaboration, but the results of this 
work extend the understanding of social learning to the extent the motivation 
that encourages socialisation among students is exchanging knowledge and 
information on course-related matters.

and student performance the main limitation is the research design, cross-sec-

using longitudinal data, which would take into account the dynamic nature 
of the time and the network (Stadfeld et al.
data help understand the dynamics in the group structures within the network 

2011). A longitudinal study would strengthen our claims, as it would enable 
us to control for sources of unobserved heterogeneity among individuals, 

-
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layout can capture this, however we have only considered space as a relevant 
factor for this research as it fosters the socialisation process and creates con-
ducive environments for interaction and learning (McGregor, 2004).

Nonetheless, our study has a pivotal practical implication within the uni-

take into account the socialisation process among students and how this is 
facilitated and include these in the strategies that aim to improve student 
performance and satisfaction. 
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4. A structural analysis proposal  
for inter-organizational networks:  
doing a multilevel analysis  
through Multilevel ERGMs
by Antonietta Riccardo*, Irene Psaroudakis**

1. Introduction

The objective of this paper is to investigate the interdependence between 
two inter-organizational networks of an Italian welfare community and 
their community-based tasks from a multilevel analysis perspective, using 
MERGs techniques. 

This discussion is part of a more complex study on two Third Sector net-
works locally operating in Southern Italy, started in 2017 and conducted by 
a research group1

We develop here the results gained about the generative networks promot-
ed by the Caritas centres operating in local territories corresponding to two 

Two Case Studies in Southern Italy” (Salvini et al., 2020), and we underline 
the importance of setting up networking practices in the light of the Third 
Sector Code precepts, by enhancing social capital of territories and commu-
nity-building dynamics. The Caritas dioceses networks realize the purpose 
of generating inter-organizational networks, promoting virtuous exchange 

entities (voluntary organizations, cooperatives, associations, second-level 
organizations), but also local governments (most of all social-health care 
institutions), educational institutions (schools, universities), and church or-

*

**

1 -
cardo, Irene Psaroudakis.
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they are considered as inter-organizational networks as they “intentionally 
created relationships among at least three autonomous but interdependent 
organizations that cooperate in order to achieve a common result (output) or 
to jointly produce an expected emergent behaviour (outcome)” (ivi, p. 210).

The study about the Third Sector inter-organizational networks in South-
ern Italy has been structured in two phases, and its aim is twofold: research-
ers wanted to demonstrate a) how metric properties of the networks can be 
useful indicators to monitor and evaluate the network governance of actors 

-
scriptors of the social processes governing their mechanisms (phase I), and, 
by consequence, b) how the results achieved are important to understand 

starts presenting the whole project – both of parts are strictly combined and 
consequential – in this paper we will explain what we analysed in the second 
step of the study from a multilevel point of view. 

-
vini et al., 2020). Applying Social Network Analysis (SNA) strategies and 
measures on our two case-studies, we understood the network structures of 
their public and Third Sector nodes, analysing which structural properties are 

et al.

given particular attention to data related to reciprocity: the relational em-
beddedness and the structural embeddedness, as elements contributing to 
network realization and collaboration, to sharing resources and rules (Gran-

then aimed at giving a contribution to construct formal procedures, to en-
hance the network parameters in the evaluation of the  

welfare communities. Indeed, the two organizational networks were commit-
ted to experimenting a model of coordinated intervention induced by their 

combining ego-network and whole-network techniques strategies we iden-

functioning.
In this second phase, we refer to and start from the outcomes gained in 

-
ernance within inter-organizational networks is fundamental in achieving 
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positive social interventions, the attention is currently focused on how 

emergent dynamics and behaviours, such as the arising and development 
of collaborative networks (Provan et al. et al.

et al.
networks properties of the Caritas networks, but we underline the collabo-
ration networks within levels and between
deepening a multilevel analysis. 

A Multilevel Exponential Random Graph Model (Multilevel ERGMs or 
MERGMs -
laboration networks and community-based tasks in cross-level interactions: 

-
tions, to show how patterns of actor and task interdependency are predictive 

-

meso-level network are intertwined: at a micro-level, network captures the 
interdependence between the organizations involved (one-mode network), at 
a meso-level, it captures the interdependence between task and actor collabo-
ration ( ). Finally, we show how cross-interac-
tions and interdependencies among networks and tasks are useful and strate-

We insert our analysis into a wider discussion stimulated by the application 

whole study is represented by the Third Sector processes acting at local level, 
in welfare communities, according to the new conditions given by the recent 
Code precepts. The discussion bases on the consideration that, in Italy, welfare 
system is built on the wide relationship between public institutions and the 

social, health, cultural, and civil level. The advocacy realized by organizations 
through their social actions is preeminent in developing social capital. 

Scholars wrote about how much informal forms of collaboration, and of 
-

pecially within the “solidarity universe” – improve community-building dy-
namics, enhancing social capital and generating relevant outcomes in terms of 

the role of Third Sector, reorganizing its system, making uniform its diverse 
entities, and promoting a network approach which has become, in a certain 
way, more “institutional”. Furthermore, the introduction of the Third Sector 
Code has indicated a central role for networked actions among social organ-
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izations, recognizing the main role of collaborations of actors in enhancing 
civil society, to face current challenges, and to answer to increasingly emerg-
ing needs of citizens. This Reform has realized the concept of an enlarged 
public sphere

the Social Origins Theory
between Third Sector and public sphere has changed into a network of inter-
connections, along a process that has ended up transforming the role played by 

of regional and local welfare systems, literature demonstrated how the trans-

et al.
policies (i.e. generative welfare). As Wagner noted in his paper Reframing 
“Social Origins Theory”: The Structural Transformation of the Public Sphere 

-

Sector in social intervention activities, in networking, and in providing for the 
outsourcing of social welfare services which were typical competencies of 

by a series of economic and social transitions between Third Sector nodes and 

closer cooperation and interconnection between the two spheres, fostering the 
inter-organizational network development and the systems of interdependence 
between collective entities. The fundamental role of Third Sector in commu-

stimulating and formalizing practices of co-design and co-planning in social 
interventions, regulate the relationships between entities and public institu-
tions, particularly through forms of network governance intentionally created 

We already assumed that the use of concepts of such as network, net-
work intervention and network governance is fully consolidated, and how 

et al., 
2020). In this paper we will deepen our study about these networks from a 
multilevel perspective: we understand (1) why actors choose to collaborate, 

we test (3) how much the use of ERGMs techniques can be a useful method 
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to understand network governance, network collaboration, and communi-

 – (H1) in the same local context, organizations which perform the same 
activities (community-based tasks), are more likely to establish forms of 

 –
-

 – (H3) MERGM can represent a feasible analytical strategy to represent 
multi-level mechanisms of network link formation.
Paper is articulated as following. In Section 2 authors reconstruct the 

theoretical debate among collaborative networks in welfare communities. 
The application of the strategies suggested by SNA to analyse network 

inter-organizational networks of community welfare among public, private 

as the starting point to discuss the most recent approaches to inter-organ-
izational networks and their dynamics, such as  
Research hypotheses are presented, and authors introduce data analysis. 
Section 3 represents the empirical core of the article: setting, participants, 
data collection, measures, application of ERGMs method for a multilevel 

-
lysed step by step. Results, elaborated with the support of MPNet software, 

(of support, knowledge, resources, activities). In conclusion (Section 6), 
researchers underline how patterns of actor and task interdependencies are 
important elements to enhance collaborative networks in a welfare com-
munity, and suggest future directions of analysis to networks development 
and community-building.

2. Theoretical background and research hypotheses

In recent years, some studies have shown that collaborative network gov-
ernance has a strong normative and cultural appeal, based on the assumption 
that, practically, an inclusive and horizontally organised network increase 

et al., 2020). 
For its practical implications, a central challenge for studying welfare com-

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603



79

munity is understanding the mechanisms structuring networks governance, 
and how they operate and perform supporting societies to respond and iden-

et al.

endogenous mechanisms, the relational embeddedness and the structural em-
beddedness

-
tance of knowing the strength of the dyadic bonds (measured through reci-
procity), while the second one focuses on the relevance of the dynamics of 
composition and interdependence between its various sub-systems (measured 
through transitivity). The data related to reciprocity is particularly important 
to understand the strength of the ties at the dyadic level (and hence the meas-
ure of relational embeddedness) and the functioning of the system (Robins, 

access to the resources mobilized and a low propensity to the mutual use of 

with their partners of partners, scholars of inter-organizational networks are 
very interested in dynamics of tie maintenance and formation based on struc-

tendency toward closure mechanism in inter-organizational networks has been 
interpreted “as consequence of the costs and risks inherent in the formation and 
maintenance of network ties with partners whose quality, capability, and trust-
worthiness are only imperfectly observable”. To face uncertainty, organizations 
decide to form new collaboration with their partners of partners based on re-

these mechanisms and their indicators, generating desirable structural features. 
In addition to these two mechanisms, whose empirical results will be pre-

sented in the following pages, in order to develop more elaborate accounts of 

examine how networks of collaboration among organizations are embedded 
in, and linked to, other factors in the whole-of-system
directions of research should investigate how the distribution of tasks in the 

Scholars recognize that without understanding the potential interdepend-
encies between inter-organizational networks and the whole system, it is 
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possible to analyse network components only at a single level, but in reality a 

McGlashan et al.
Advanced model in social network analysis, particularly at the multilevel 

et al.,

collate, and study data at various levels of analysis […]. However, for the purposes 
of analyses most network data are either transformed to a single level of analysis 
[…] which necessarily loses some of the richness in the data, or are analysed sepa-

This new approach to networking therefore considers the model of con-

et al. -

to identify meaningful patterns of interdependencies across multiple levels. 
When we talk about whole-of-system we mean that collaboration net-

works are embedded in larger structures that may include multiple levels 
of action or social system layers (Wang et al., 2013). This multiple level 
tends to induce dependence relations among participants because, according 

interaction associated with their joint activities, individuals whose activities 
are organized around the same focus will tend to become interpersonally tied 

actors (in our case-studies, organizations), and the sets of possible communi-
ty tasks -

et al.
We know that social settings (e.g., a welfare community) are collections of 

-
ple) in which actors (e.g., public, private and Third Sector organizations) are 

say (hypothesis 1):
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H1: In the same local context, organizations which perform the same 
activities (community-based tasks), are more likely to establish forms of in-
terdependent links. 

-
-

ation-based closure  as a multilevel 
network mechanism generating social relations through the execution of the 

the SNA vocabulary, we can talk about “closure” because multilevel process 
induces bipartite clustering, in which the third node of the triad is an object: 
in our case, it is a task.

The tendency at similarity in the choice and execution of community ac-
tivities is a factor having a high probability of encouraging the creation of 

-
et al.

et al.
-

Therefore, we can argue that (hypothesis 2):
H2

The actor-task interaction type refers to the best known forms of bipartite 
association between rows (“actor”) and columns (“tasks”) of a two-mode 

(represented by the circles) and community level activity (represented by the 
small square). Sharing the same activities can increase probability that two 
nodes interact with each other.

In our study there are three levels of analysis: a micro-level analysis, 
which describes the collaboration among organizations, a meso-level analy-
sis multi-level 
analysis, which refers to the interdependence between micro- and meso-lev-
el. The objective of the empirical analysis is to establish whether this particu-
lar mechanism of multilevel closure explains the relationship structure of the 
inter-organizational network, using a multilevel exponential random graph 
models -
sibilities (Wang et al., 2013).
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In this paper we introduce Multilevel Exponential Random Graph (Multi-
level ERGMs or MERGMs), a class of ERG models for multilevel networks, 
and we discuss about their importance in understanding inter-organizational 
network of welfare community among public, private, and Third Sector or-
ganizations. MERGMs are useful to investigate the proposed models using 

create network structure both at a single and at a multiple level (Wang et al., 
et al.

Recent application examples of MERGMs concern a considerable vari-

factors (e.g., complexity, professionalism and culture) on leadership emer-
gence and performance (Mumford et al.

(iv) complex interdependencies between committee collaboration and their 
actions (McGlashan et al. -

interplay between formal project memberships and informal advice seeking 

H3: MERGM can represent a feasible analytical strategy to represent 
multi-level mechanisms of network link formation. 
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The model interpretation reveals the dependencies among the micro-, 
meso-, and macro- network level, and provides richer and more detailed 
descriptions of empirical data. This particular statistical approach has been 
developed in a complex analytical framework for the Multilevel Networks 

et al., 2016).

3. Data collection, methods, and analysis

3.1. Setting

The research project is about two inter-organizational network of Caritas 
community: Caritas of the Diocese of Aversa (RCA) and Caritas of the Dio-
cese of Benevento

the needs of local communities, they act through multiple activities in part-
nership with other local organizations, and are supported by a system aimed 
at charity and altruism.

the importance of improving local networked organizational synergies, in 
order to respond in a coordinated way to social needs of the communities, 
beyond the fragmentation and self-referentiality of local welfare agencies. 

-
erate networks, promoting exchange projects and collaborations involving 
Third Sector entities, local governments, educational institutions and church 

et al., 2016). In 

animation and coordination, aimed at promoting the creation of networks 

3.2. Network construction and data collection

-
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strategy of ego-network and whole-network. Following the data collection 

Caritas of the two territories the ego node of the network. This node was 
asked, using the name generator technique, to indicate the alters nodes that 
are part of its network, through the reconstruction method, indicating the 
subjects with which this node collaborates for project activities aimed at the 
communities. The boundaries of the network, therefore, are established by 

alters at a distance of one link from ego.
At this point, instead of asking ego to indicate the relationship between 

all alters (as usually happens in the ego network), it was asked directly to the 
alters by submitting a knowledge questionnaire. They were asked to specify 
the existence and intensity of the link with each of the alters, choosing one 

no knowledge, lack of knowl-
edge, good knowledge, relationship of exchange, cooperation. The resulting 
directed graph is what we call “ego-whole” network. In this way, the role of 

-
tem emerged only through the interviews carried out with each single alters, 

-
ly, it was not necessary to use the name interpreter (the tool for the collection 
of attribute data, i.e. characteristics, of the individual nodes), as is normally 
done in surveys with ego-centred techniques. 

Finally, we asked each node to report the tasks in which they are most 
involved. They then chose the activities through a list of 12 common com-
munity-based tasks

-

was developed through questionnaires to egos and alters during the semester 
between April 2017 and September 2017. The answers received to the ques-

Table 1 shows the networks composition by type of organization. It is 

characterized by a high presence of Third Sector associations and education-
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-

Tab. 1 – Composition of RCA and RCB networks by type of organization (category)2

Caritas Network  
Aversa (RCA)

Caritas Network  
Benevento (RCB)

Abbr. Category Total Answers Total Answers
AS Associations 11 12 10
CP Cooperatives 1 1 7 7

0 0 1 1
EM 1 1 2 2
GI Informal Groups 4 4 0 0
ES Social-health care Institutions 6 6 3 3
SU Schools-Universities 7 4 6 6

6 3 6
Total 44 40

3.3. Descriptive analysis

Descriptive statistics of the Caritas network in the case-studies are in Ta-
ble 2. We calculated three measures: density network, reciprocity (relational 
embeddedness structural embeddedness). 

Tab. 2 – Network descriptive statistics

RCA RCB
Density
Centralization 0.74
Reciprocity 0.63

all types of relationships (no knowledge, lack of knowledge, good knowl-
edge, relationship of exchange, cooperation). Generally, it can be said that, 

centralization index is higher where the density is lower, especially in RCA, 
where therefore the relationships depend more on the activity of a limited 

2

(total), and by the number of nodes responded to the questionnaires (answers).
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number of nodes. Density and centralization also change considerably if one 

-
laboration and good knowledge, while the latter increases in correspondence 
with the decreasing density.

From the analysis of these data it is possible to highlight that the two net-

of generally high levels of mutual knowledge, but also of low levels of col-
laboration and exchange, which are normally polarized around the activities 
of a few organizations – generally those more structured and more consoli-
dated from the point of view of human and economic resources management.

The level of relational embeddedness in both of the networks has been 
analysed through the degree of reciprocity
Reciprocity is important to understand the strength of ties at the dyadic level 
and the functioning of the system: as already said, a low degree of reciprocity 

-
al use, and it is an index of low agreement about the contents, the objectives 
and the rules designing the relational structure of the whole network (Rob-

on simple knowledge, reciprocity is rather high, a sign that a general, albeit 
generic, mutual knowledge of organizations in the territory is consolidated.

The combined analysis of the parameters shows that, in general, the two 
-

knowledge and exchange of information and resources are considered. This 

reciprocity of relations is considered an indicator of a low level of sharing 
and agreement on the contents and objectives that govern the existence of 
links, as well as on the rules that should inform the whole system of relations 

The measure analyses the structural embeddedness. 
With these prerequisites, we should not expect particularly positive perfor-

remains consistent in the systems of good knowledge and collaboration rela-
tions – while it is reduced, as expected, in the exchange relations. The high 
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is sensitive to the formation of “clouds” of nodes, based on aggregation 
criteria. This means that the potential for mobilization – and cohesion – of 
networks is high. At the global structure level, the presence of a high cluster-
ing could favour mechanisms of “closure” of open triads, and therefore the 
achievement of higher levels of cohesion of the network. This eventuality 
certainly appears to be desirable if the network governance concerns projects 

3.4. Analytical Methods

In the second phase of the study we analyse our datasets applying recent-
ly developed Exponential Random Graph Models (ERGMs) for multilevel 
analysis. 

and originally developed to examine single-level networks, ERGMs repre-
sent a family of probabilistic statistical models for the analysis of complete 
social networks, not longitudinal, through which an exponential probability 
distribution of the graph is expressed (Robins et al., 2007). 

ERGMs are useful to obtain insight into underlying processes that create 

2013) and assumes the interdependence between the dyads. The model ex-
-

cur (e.g. existence of a link) as a function of a certain number of parameters 

such as reciprocity, density, transitivity, cyclicality) and attribute variables 
(gender, age
software.

Exponential random graph models have been extended as MERGMs to as-
sess network interdependencies across multiple level of network data (Wang 
et al., 2013). Multilevel models specify a set of multi-level
that are expected to explain micro-level of outcome variables. MERGMs 
add the possibility of testing hypothesis about how the presence of ties (i.e., 
inter-organizational network) among lower-level actors or units (e.g., organ-
izations) depend on the ties among higher-level actors or units (e.g., among 
organization and tasks) (Wang et al., 2013).

-
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within as 
well as across
structural parameters, we estimate their contribution as drivers of local struc-
tural patterns (Robins et al.
network, we have the micro-level network as network A, the macro-level net-
work as network B, and the meso-level bipartite network as network X. This 

Fig. 2 – Multilevel network schematic diagram

Source: adapted from Wang et al. (2013)

In our research, the interdependence assumptions considered concern ex-

within and between elements of settings. Supposing A as the inter-organi-

Using typical MERGMs nomenclature to represent realizations of our net-
A, X a, x Yi yi) represents the attribute 
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variables for organizations in collaboration network (A). The MERGMs for 
our networks can be expressed as:

We model here the structure of collaboration network among organiza-
tions (A) and choices of community-based tasks (X), treating attributes (Y) 
as exogenous: 

The Equation represents the probability distribution of all possible graphs 

a and x) depends on the 

 – Q
which all tie variables and nodal attributes are considered as conditionally 
dependent following the hierarchy of tie dependence assumptions, that is, 

 – zQ (A, X, Y
of type Q. The statistics count, for each actor in the network, the number 

 – Q
Q -

pens more than one would expect from random given the rest of the mod-
el, while negative estimates mean the opposite. A parameter is considered 

 –  is a normalizing constant summing over the entire graph space bounded 
by the number of nodes in the network. 
As several authors note (Snijders et al., 2006), MPNet software was used to 

conduct analyses which implement the MCMC maximum-likelihood estima-
tion algorithm for ERGMs (Wang et al.

available in MPNet of the estimated model was assessed by simulating a high 

the simulated graphs to the characteristics of the observed networks. 
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we used in our models with their visualization and potential interpretations. 
The  are local network patterns which provide expla-
nations about the reason why ties might be present in a network, how ties 
might form particular local network patterns, and how ties might be associ-
ated with actor attributes. 

Concerning the level parameters selection capturing the network struc-
-

McGlashan et al. et al.
our research is mainly concerned with the multilevel interdependencies char-

to capture in a stochastic model the mechanisms of relational and structural 
embeddedness. In our study, attribute variables were not included because 
the model was already quite complex and with satisfactory adaptation values.

 –  investigate relations within the one mode net-
arc and reciprocity. The former repre-

sents the tendency of organizations to establish ties with other members 

ties. This is often positive, suggesting that reciprocated ties are very like-

 – popularity mechanism describes tendency of inter-organizational network 
members to be popular, i.e. to be considered as connection partners by many 
organizations. A negative popularity spread parameter indicates that most 
actors have similar levels of popularity (the network is not centralized on 
in-degree). Activity mechanism represents the propensity of being active, 

-
ter indicates that most actors have similar levels of activity (the network is 
not centralized on out-degrees). Two-paths mechanism indicates tendency 
to connect with other organizations, and to be sought as connection part-

suggest that the most popular actors are the most active ones (i.e., a positive 
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Interpretation

Arc
Tendency of inter-organiza-
tional network members to 
connect with each other

Reciprocity

Tendency of members of the 
organization’s inter-organi-
zational network to connect 
with colleagues, reciprocally

Popularity Spread (AinS)

Tendency of inter-organiza-
tional network members to be 
popular, i.e. to be sought as 
connection partners by many 
organizations

Activity Spread (AoutS)

Tendency of inter-organiza-
tional network members to 
be active, i.e. to connect with 
many organizations

Two-path

-
ganizational network mem-
bers to connect with other or-
ganizations and to be sought 
as connection partners by oth-
er organizations

Transitive closure

Tendency of inter-organiza-
tional network members to 
connect with “partner of part-
ners”

Cyclic closure

Tendency of organizational 
network members to connect 
with other organizations in 
small groups without any 
expectation of being recipro-
cated
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-
-

 
Tendency of actors who are 
linked to a task to establish 
in- and out- connections with 
other actors

-

 

or homophily by a com-
-

arc)

Tendency to connect with or-
ganizations carrying out one 
of the same activities. The de-
pendence is that of Markov’s 

that the third node is not an 
actor in network A, but a task)

or homophily by a com-
-

ti-level social circuits) 

Tendency for nodes sharing 
-

nect to each other, or homo-
phily by multiple common 

Assortativity based on 

network or precondition 
for cross-level closure 

Tendency for two simi-
lar nodes (compared to the 
number of tasks performed) 
to connect to each other. In-
dicates that the probability 
that two nodes with the same 
number of tasks performed 
are more likely to connect 

numbers of tasks do

Note: circles represent organization of Caritas Network, and squares represent communi-
ty-based tasks.

Source: Wang et al. (2013)
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 – transitive closure and 
cyclic closure. Transitive closure models the tendency to connect with 

-
clic closure tells us that members to connect with other organizations in 
small groups without any expectation of being reciprocated. A negative 

is based on the concept of generalized exchange, a triadic pattern of net-
work ties that does not involve immediate needs for reciprocation. Gen-

It plays an important coordination role in inter-organizational networks 
because “any particular exchange or transfer of resources occurs in a con-

A negative estimate in conjunction with positive triangulation estimates 

 – -
-

multaneously” (Wang et al.
describe how the internal tasks of the organizations (ties in the two-mode 

-
work). -

in- and out- connections with other actors. 
 (TXAXarc and ATXAXarc) captures 

the tendency of network organizations carrying out the same project ac-

the likelihood of ties to occur between organization with same activity 
more or less often than expected by chance. The dependence is that of 

et al.

as it explains the mechanism we have introduced, the 
closure. Finally, 
or precondition for cross-level closure (L3XAXarc) describes how actors 
that are connected the same number of tasks (in the two-mode network), 
tend to connect more easily.
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4. Results

standard errors. For the convergence of the model, t-ratio must be less than 

between the estimates and estimated standard errors is greater than 2.0 in 

network A), and in the second part representing multilevel structural (in-

test our hypothesis.

Tab. 4 – MERGM parameter estimates

RCA RCB
Est. Std. Err. Est. Std. Err.

Inter-organizational 
network (A)

ArcA -1.717 0.744* *
ReciprocityA 1.266 0.31* 1.647 0.246*
In2StarA 0.036 0.021*

0.036 0.136 0.017*
TwoPathA * 0.013*
Transitive-TriadA 0.073 0.027* 0.001 0.016
Cyclic-TriadA -0.076 0.03* 0.03

Inter-organizational 

-0.026 0.043 0.066
0.170 0.074

0.033
-0.031 0.033 0.034
0.103 0.033* 0.022*
0.072

-0.047 * -0.032 *

a square binary matrix for network A and a rectangular binary matrix for net-
work X. For instance, the matrices used in our empirical cases are as follows:
 –

Its generic entry has value “1” if there are exchange and collaboration 
ties, and value “0” for the lack of knowledge. The diagonal values are set 
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 –

and 0 otherwise. Each organization can be engaged in many activities 
3, but to sim-

plify we made the binary matrix giving value mainly to activities where 
they are engaged in with high intensity (a lot of commitment and total 
commitment).
Findings are now described accordingly to the two levels of analysis. 
Inter-organizational network A in-

ter-organizational networks are included as control variables, some of which 
-

dedness mechanism (Salvini et al.
tendency toward Arc parameter

to establish forms of collaboration between the various organizations of the 
two Caritas networks. 

Data, however, have strong evidence for reciprocity, showing that there 
-

the most important relational behaviours, characterised by collaboration and 
partnership between this type of organization, require mutual knowledge 
(Amati et al.
The qualitative implication of good level of reciprocity is that between or-
ganizations committed to satisfy the needs of local communities can lead to 
the sharing of knowledge and resources in general, and therefore in tackling 

resources typical of this set of organised realities (Salvini, 2011).
In2starA and Out-

2starA) indicate the convergence of links to a small number of organizations 
in the two collaboration networks. Evidence of centralization tendencies 
based on in- and out- degree is also found. It is possible to observe that the 
popularity parameter (In2starA

RCA, there is a generalized trend spread only for several nodes. The activity 

3 no commitment, little commitment, , a lot 
of commitment, total commitment.
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Out2starA

network there is a greater trend towards activity and hence some organiza-
tions are more active in seeking collaborative relationships. 

The tendency of the most popular actors to be also the most active ones in 
searching for collaborations with other nodes of the network, is shown by the 
TwoPathA parameter. In this regard, it is possible to note that, both in RCA 

no positive correlation between ingoing and outgoing degree. The negative 

-

stronger members are more popular recipients of collaborative applications, 
but less active and perhaps more selective in sending and actively forming 
collaborations with others. This, of course, is not a valid consideration if we 
look at the Caritas ego node as it will have the same number of incoming and 
outgoing links.

The positive Transitive-TriadA property in both networks is indicative of 
-

cient collaborative structure, as it indicates a “shortening” model of collabo-
-

ization i creates a collaborative link with j, which already has a collaboration 
with y, the initial node i could eventually create collaborations with y. While 
both community networks have shown patterns of transitive collaboration, 

Transi-
tive-TriadA and Cyclic-TriadA) in Table 4, it is necessary to highlight a cer-
tain divergence in networks data. In RCA network, the value of transitive 

-

level of clustering (i.e. the propensity to generate collaborative groups be-
tween organizations), but the negative value of cyclic triangulation tells us 
that this level of clustering is characterized by a certain local hierarchy, with 
a high level of brokerage (i.e. only some nodes determine the connections). 
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-
fects cannot be explained through these two mechanisms, but rather through 

. Estimates associated 
with multilevel mechanisms are reported in the lower part of Table 4. The 

-
AXS1Ain and 

AXS1Aout AXS1Ain and AXS1Aout). 

-

explicitly shapes organizations with multiple community tasks, which are 
the organizations that carry out more activities in the territories. 

The positive estimate of AXS1Ain suggests that the largest organizations 
in terms of the number of activities carried out, tend to receive more nomina-
tions as collaborators from other organizations. However, on the contrary, as 
indicated by the negative parameter AXS1Aout tells us that they tend to nom-

these parameters for both networks, we can argue that there is no particular 
evidence to show how the execution of one or more tasks (i.e. the links in the 
two mode network) generates collaborative links between the organizations 
of the two Caritas networks. This interpretation has an empirical and theo-

the dominant nodes of the network with respect to their history, good reputa-
tion and having more material and immaterial resources, but they themselves 
have not felt the same urgency to collaborate with others.

TXAXarc (
assorta-

) are, in both network, statisti-

of Caritas network holding similar community-based tasks display a tenden-
cy to develop collaborative network. This value, from a qualitative point of 
view, tells us that the creation of links can be attributed to the sharing of the 
same community tasks. For example, if i is an organization that deals with 
minors it will tend to collaborate more with y if the latter deals with minors, 
compared to j that deals with immigrants. This data, in the context of net-
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on collaboration between similar associations and therefore with the same 
targets, need, resources and goals. Also with the risk of compartmentalized 
of interventions, thus fragmenting the complex network and not allowing 

-
kerage organizations – that act as a bridge to the networks – is important, 

The multilevel closure suggests a clear evidence of social selection pro-

ATXAXarc -
nally, as we said, the L3XAX
nodes (compared to the number of tasks performed) to connect to each other 

carry out a large number of activities prefer to connect to organizations with 
a low number of activities and vice-versa. 

5. Discussion 

The study about two Third Sector inter-organizational networks in South-

combines the use of the advanced instruments of Social Network Analysis 
perspective with the application of the most recent changes in Italian volun-
teering: it shows how a multilevel analysis be a useful trick in understanding 
inter-organizational networks’ structure, and the social (and systemic) pro-

to theoretical framework about voluntary work given by the actualization 
of the enlargement of the public sphere, as ruled in Italy by the Third Sector 
Code in network governance, through the adoption of forms of distributed 
governance within inter-organizational systems.

assuming that this perspective represents an adequate tool to investigate the 

-
lations between nodes (organizations, entities) operating in a determined wel-
fare community, to strategically identify structural properties having a higher 

et al., 2020). Secondly, as presented in this paper, researchers 
develop results previous achieved, applying a multilevel analysis to investi-
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gate the cross-level links between organizations and community-based tasks. 

dependency approach, for which network constraints are interdependent not 
only within levels but also between levels. We introduce the methodologi-
cal contribution of MERGMs (Wang et al.
McGlashan et al.
and the meso-level linking the organizations to community-based tasks, in or-

-
izations, enhancing the empowerment of collaborative network in a welfare 

of Third Sector systems, which determine informal relations and exchanges 
among typical nodes of voluntary work. 

Third Sector and community empowerment. Structured social relations (net-
works) are fundamental instrument for explaining the way how society (or a 
community) works – its level of social cohesion, governance, and social cap-
ital – even more than studying personal characteristics of its members (Well-

volunteerism, more or less formalized forms of interactions among organi-
zations see the collaboration of professional entities (or individual actors), 

-
lish relationships, creating structures of interdependence and collaboration 
(inter-organizational networks), promotes network solidarity (Psaroudakis, 

asset to improve not only Third Sector development, but community-build-
-

lated by the recent Third Sector Code, which has “institutionalized” the use-
fulness of network activities (i.g. partnerships, agreements, collaborations, 
shared initiatives), through practices of co-planning and co-design in social 
interventions.

Nevertheless, from an analytic point of view, there is a lack in inter-organ-
izational studies about a multi-level comprehension of Third Sector networks 
and their direct and indirect impact on community functioning: only a few of 
empirical research gave it a strong application (i.e. McGlashan et al.
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We recognize here their importance, since (Third Sector, but not only) organi-
zations are complex systems embedded in such particular frames of activities, 

This is the reason why we propose an integrated analytical framework to ex-
plicitly measure multilevel network dependencies: technically, model used 
shows a) the mechanisms (relational and structure embeddedness) at the mi-

( ). Data collected provide a documenta-
ry evidence of the empirical value of this method: results validate general 

ERGMs techniques to understand network behaviour.

and suggest that considering organizations as two-mode or multilevel sys-

strictly connected, as discussed below.

-
-

tarily operating according to principles of solidarity, gratuitousness, attention 
to people needs – especially citizens experiencing conditions of particular 
weakness. Interpreting their SNA parameters, they work and collaborate in 
a similar way (as a “core-periphery” or a “hub and spoke” network): if hubs 

(and nodes) having any impact on networks functioning. 

or to the coordinated and reciprocal action of several organizations. A high 

-
utes more consistent with a “hub and spoke” functioning of governance, while 
RCA structure is even more dependent on the activity of a few organizations. 
In situations in which networks are mainly informal and gradually activated 

Holley, 2006) argue that it is more desirable to maintain a “hub and spoke” 

could guarantee a network solidity, based on the focused and interconnected 

of peripheral nodes to particular activities, providing new resources and in-
novative tasks, and from the mobilization capacity distribution among other 
organizations. Entities having less centrality have to be reinforced, gradually 
assuming roles of coordination and activation: fostering the realization of 
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We come now into focus of discussion.
Hypothesis 1.

better explain why actors choose to collaborate, and particularly why do they 
choose to collaborate with certain others. Multilevel analysis is helpful in 
understanding if there is a higher possibility for network nodes to collaborate 
with organizations having the same community-based tasks: within a shared 
local context, organizations promoting the same activities based on similar 
advocacy, are more likely to establish forms of interdependent relationships. 

-

et al., 
2020), and the rules underlying the structure of collaboration networks be-

arc param-
eter, positive tendencies of reciprocity parameter, and negative tendencies 
in TwoPathA -
rameters of popularity (In2StarA) and activity (Out2StarA) – positive for 

centralization: some nodes seem to be particularly attractive, and active in 
-

works, and the role of hub played by ego-nodes makes the whole system 
particularly dynamic. Moreover, transitivity measures (Transitive-triadA 
e Cyclic-triadA -

by a local transitivity process (even if it shows a negative and relevant 
Cyclic-triadA
transitivity (even if values are good). Connecting micro- and meso-lev-

-

to collaborate with each other. 
L2XAX value 

(assortativity), because smaller organizations (carrying out a low number 
of activities) tend to connect with the bigger ones, and vice-versa. This is 
important in community management, because it explains how smaller enti-
ties need (and look for) forms of support by consolidated actors, which have 
more experience and resources. Instead, big organizations are not interested 
in connecting to nodes with a similar range of activities, but are more willing 
to establish links with emergent or sector-based realities.
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Hypothesis 2
-

ganizations at micro-level, and we discuss how network initiatives of two 
Caritas nodes are aimed at intensifying connections. 

The positive value of TXAXarc used in hypothesis 1 validates hypothesis 
2 too. An  mechanism (homophily by a common 

be more linked (in a reciprocal way): an engagement activity criterion is 
capable of producing a social selection process among network organiza-

particular community-based tasks and a sharing of resources (of support, 
knowledge, activities, practices) among similar organizations, having good 

community 
tasks) as social foci: having the same social purpose based on the sharing 
of activities may increase the adoption of general exchange practices in an 

-

same time there are risks of fragmentation among volunteer organizations, 
-

and nodes, and the importance of fostering the sense of collective identity 
between community members (public, private, and Third Sector entities) to 
develop a network culture. Nevertheless, a similarity in identity may be an 

-

common belonging to the same territory, and to a shared ethical framework. 
Expressing their advocacy and mission, initiatives and collaborative experi-
ences seem to be acted in an equal way. 

development for the two inter-organizational Caritas networks should be the 
growth and maturation of their networks relations, to enhance reciprocity in 
exchanges and forms of collaboration.

Hypothesis 3. Finally, we test how much the use of ERGMs techniques 
can be a useful method to understand network governance, network collabo-
ration, and community-building processes. 

This study introduces an innovative methodological contribution in the 
use of Multilevel ERGMs in Third Sector and in community welfare stud-
ies: literature about inter-organizational networks operating in welfare con-
texts is not so vast, especially referred to Italian territories, and there are 
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only a few applications of Multilevel Exponential Random Graph Models 
in Third Sector networks oriented to solidarity and community-building. 
We use MERGMs methods to represent multilevel mechanisms of network 
tie formation: they are helpful in understanding that links emerging from 

usually adopted to analyse inter-organizational networks can be included 
-

can be about a deeper understanding of the dynamics of activities selection 
able at creating collaborative links, and of the nature of relationships re-
lated to these mechanisms. For this reason, in conclusions we suggest the 
application of a mixed-methods approach, because the typical instruments 
of qualitative methods – added to SNA measures and techniques – can be 

-
work organizations.

At the end of the study we validated our three research hypotheses and 
demonstrated that interconnections among Third Sector entities and com-
munity-based tasks interdependency are relevant to improve collaborative 
networks in a welfare community. 

positive outcomes for community-building. According to Anklam (2007), 

expressed both at the human capital, the structural capital, and the relational 

strategies, resources are limited and organizations must obtain even more 
professional skills to be competitive, and act in a specialized way, generating 
fragmentation: this is the reason why we assist to an increasing isomorphism 
among Third Sector entities and economic actors, based on a similar identity, 

necessary to enhance practices of network development in Third Sector or-

information and resources. Investing in creating collaborative relationships 
based on trust (reciprocity, transitivity) can reduce this sectoral approach, 
and improve community welfare. Particularly, in hierarchical networks as 
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aimed at generating a collective network identity, a network culture, or a 

Sector governance. In conclusion we suggest the opportunity of increas-
ing the use of an advanced SNA perspective combined with the tools of 
non-standard methodology, in order to identify positive dynamics and crit-

We demonstrated that information collected and analysed through ERGMs 
techniques are particularly interesting in understanding the development 

help policy makers to consider the organizational structure of networks, their 

one to improve network strategies for community-building. Results gained 
through the use of SNA parameters and techniques – system description, 
and its conditions of subsistence and development, also in a longitudinal 
way – can be enriched by applying the typical instruments of qualitative 
methods such as interviews and focus group. We refer here to the theoretical 
and methodological perspective of Symbolic Interactionism and Grounded 
Theory
is embedded in a collective dimension (the community), a mixed-method 
analysis will be focus also on the “meanings” of networking. 

Therefore, future developments of the study could consist of a clearer 

contexts. It is to deeper understand which reasons determines the collabo-
ration between organizations belonging to the same social foci, in terms of 

their collaboration activities, to their strategies, and to resources sharing (i.e. 
why and how much they are willing to collaborate, how interactions among 
smaller and bigger organizations work, which motivation can improve the 
creation of a collective identity, etc.).

-
ital and intra/inter-organizational networks to a more strategic resources 
management, and to a wider adoption of pro-social behaviors. And for bet-
ter realizing “bottom-up” policies directed to community empowerment, to 
community work, and to solve social problems.
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5. Social network analysis for welcome policies: 
an empirical study from small Italian municipalities
by Ilaria Marotta* **, Angelo Moretti***, Francesco 
Giangregorio**** *****

1. Introduction

Interorganizational networks are characterized by interesting emerging 
behaviors which can be studied through the theoretical construct of the So-

analysis of interactions among organizations that share information and re-
sources for counteracting certain social problems, or for promoting inno-
vations in social, educational and environmental interventions (Raab and 

et al.
The strategy of analysis proposed in this work adopts the SNA approach 

for studying interorganizational networks aimed at the development of coop-
eratives dedicated to local welcome policies. The proposed network analysis 
derives from an empirical study carried out within the project entitled I Pic-
coli Comuni del Welcome (The small municipalities of welcome) activated 

1. The main objective of 

* Department of Social Sciences, University of Naples Federico II – former University of 

**

***

****

*****

1

between bank foundations and Italian third sector organizations to foster social infrastructure 
in Southern Italy, focusing on building up and qualifying the intangible structures to promote 
development. The project I Piccoli Comuni del Welcome was approved as part of an open 
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the project is to launch the constitution of so called Community Cooperatives 
(CoCo) – proposed by citizens – whose goal is to improve the quality of life 
in small municipalities where national Systems of PRotection for Asylum 

CoCo is expected to contribute to the innovation of the social and economic 
dynamics of the territory thus promoting local development.

This study intends to analyze the networking actions emerging among the 
CoCo and other territorial entities involved in welcome policies and collab-
orating for the cooperative development. The whole-network strategy identi-

cooperative construction goal. Two attributes for each edge of the network are 
considered: mutual knowledge and trust. The values of the attributes are ob-
tained by means of dedicated questionnaires submitted to the network nodes. 
The analysis of centralities and clusters provides useful indicators for moni-
toring and evaluating the governance of the network of interacting organiza-
tions and for identifying possible directions for improving their relationships. 

2. Theoretical framework

In Italy, the integration policies for migrants have been traditionally char-

migration policies, in the same country there exists the SPRAR reception 
system which focuses on the network of authorities for the development of 
territorial projects for the inclusion of asylum seekers and refugees in local 
communities. This type of interventions requires substantial investments and 
often provokes controversies among the population (Ambrosini, 2000). For 
this reason, the welcome perspective is a privileged observation point for 
highlighting the strategies of action of local actors in the face of dilemmas 
that are not easy to solve. Searching for possible solutions of the issues indi-
cated above has reinforced in recent years the involvement of volunteering 
and third sector organizations in welcome projects. 

-
wards the territorial dimension, local authorities have started to seek inte-

the local administration – to plan this type of policy. In this framework, the 

call for proposals concerning immigrants, their socio-economic integration and related social 
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subsidiarity principle attributes to third sector organizations the role of co-
-

-

sector are mobilized and integrated according to heterogeneous logics, meth-
ods and practices. This action of bringing together institutional and third 
sector actors allows the construction of networks with public connections 
through a social and political coordination (Piselli, 2010). The result of these 
policies is no longer linked to the performance of each actor but to the syn-
ergistic action of several interdependent subjects included in the network.

In light of this, the image of the network has in recent years taken on a 
strong analytical value in describing the form that underlies the governance 

-

public and private subjects (Pavolini, 2003). It is evident, based on what has 
been said so far, that the concept of interorganizational network represents a 
fundamental point of view for studying this phenomenon. 

“Social network analysis views interorganizational networks as a set of 
linkages (e.g., resource, friendship, informational ties) among a set of actors 

common result (output) or to jointly produce an expected emergent behav-
iour (outcome). The interorganizational network refers to a metaphor of the 
interdependent nature of organizations because interactions occur beyond 

-

-
pendence between collective social actors that “emerges” from their dyadic 

-
ance, whereby the systems of interdependence between collective entities 
are intentionally created to achieve certain goals. The study of this work 
refers to the second type of networks because the organizations involved 
collaborate with the CoCo for local welcome policies. 

A crucial question when dealing with interorganizational networks is how 
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not be achieved by individual organizational participants acting independent-

necessarily take into consideration a plurality of aspects, such as the impact 
of network activities in the served community, the role of individual mem-
bers and the nature of the interactions between them, the evaluation of the 
stakeholders, and, obviously, the characteristics of the structure of the inter-

The SNA methodological perspective has been shown to be appropriate 
-

ernance and outcomes, as well as in supporting the management of these 

et al., 2020). SNA makes available a set of methodological tools and tech-

(Provan et al.
involvement and empowerment of collective actors operating at the level of 
local communities (Wang et al. -
portance of working together and sharing resources can be anchored through 
SNA into a solid and validated conceptual and theoretical framework.

The analysis of the interorganizational network of the local actors in-
volved in the CoCo development is based on the SNA theoretical framework. 

relationships among the organizations (the attributes of each edge) and the 
evaluation of the intensity of these relationships (the weights of the edges) 
are described. 

The nodes of the digraph are selected by considering the organizations 
(not individual people) involved in the CoCo development, i.e. the goal of 
the network. A preliminary list of actors has been suggested by a privileged 

actors of interest for the analysis, by using a snowball sampling approach, so 
that the network was representative not only of the actors strictly related to 
the CoCo but of the whole territorial relational system related to the welcome 
policies.
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In order to understand in depth, the structure and functioning of these 
-

ships between pairs of nodes have been considered: mutual knowledge and 
trust. The resulting multiplex network can be represented as a digraph where 
the weights of each edge are the measurements of the two types of relation-

-

assume within the network and possible obstacles for future collaborations.

information on the characteristics of the organization and comments on the 

recorded through the interview. In order to identify the relationships of mu-
tual knowledge, the question of the questionnaire was: “How much do you 
know the other organization?”, by listing the other nodes of the network. 
Each answer could be chosen as one of the following four levels of intensity: 
 –
 –
 – 2: I know the entity (for example, I know its seat, I had sporadic contact 

 – 3: I know the entity very well (for example, I interact very frequently 
with it).
The question regarding the relationship of trust was: “How much would 

you collaborate with the entity?” and the possible options for the answer were:
 –
 –
 –
 – 3: I have a good propensity for collaborating with the entity.

The mutual knowledge and trust attributes were combined with two 

territorial network. The local network is made by all organizations which 
-

work includes all entities that collaborate with the CoCo, regardless of their 
geographic location and area where the activities are carried out. The com-
parison between the territorial and the local networks allows one to identify 
the most strategic entities for inducing the cooperation among the actors as 
well as the local entities on which one should invest to increase the resilience 
potentialities of the network itself.
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The network has been analyzed under the perspective of local welcome 
policies. The global digraph indices (density, reciprocity and diameter) 

The indices calculated on the individual nodes (in-degree, betweenness, 
hub and authority centralities) allow one to identify the network hubs 

4. Data collection 

established in 2017 in the small municipality of Chianche under the activities 
of the project I Piccoli Comuni del Welcome. 

The principal investigator of the project is the social cooperative Il 
Melograno which submitted the project by responding to a call published 

is part of a network of cooperatives and associations that share a system-
ic action for the development of the territory with the diocesan Caritas of 

entrepreneurship, with particular attention to social disadvantage. The main 
goal of the project is to launch the constitution of 10 community coopera-

Sothern Italy, in particular where SPRARs were already activated. These 
two provinces are experiencing a profound social crisis due to negative mi-
gratory balances with an extraordinary emptying of the territories and an 

with an intention to return to the native communities, through the estab-
lishment of these mixed cooperatives and their network coordinated by the 
social cooperative Il Melograno. The main activities of the cooperatives are 
social agriculture, wine and oil market, tourism, handicraft, installation and 
maintenance of photovoltaic systems. These activities are expected to lead 

The characteristics of the project make it replicable in other Italian rural 
areas at risk of depopulation that intend to promote welcome experiences 
based on the SPRAR model. Considering the number of municipalities at risk 
of abandonment, the repeatable potentialities of the project are widespread. 

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603



117

-

the municipality of Chianche with 7 founders, including operators and ben-

activities, social and health services, recovery of abandoned land, training 
courses in agriculture, maintenance of public and private green areas and 
management of a local market.

The network of the CoCo is composed of 42 organizations, including 

The distribution among the categories and the answers to the questionnaire 
received are shown in Tab. 1. 

Acronym Category Total Answers
AS Association 3 3
CN Consortium 1 1

Committee 3 3
CP Cooperative 11 11

Religious body 4 3
Training body 2 2

CM Company 7 1
IS Institution 1
SU School/University 3 3

3 0
Total 42

-
resent organizations already rooted in the territory. In fact, 10 organizations 

have been present from 11 to 20 years. The other entities have a more recent 
presence in the territory: 4 subjects work in the area from 6 to 10 years, 6 from 

Most respondents deal with the protection of civil rights, citizenship, im-
migrants, minors and women, to follow socio-health services such as care 
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for the elderly, disabled, destitute and cultural services such as protection of 
cultural heritage, training and research.

As regards the number of resources (volunteers, operators, employees) 
committed in the last year of the organization activities, 11 of the respondent 
subjects indicated more than 20 resources. Following this, 6 organizations 

just 1 resource.
Finally, each respondent was asked to indicate the level of problematicity 

for some critical aspects in creating a network within the reference territory. 
Tab. 2 shows the corresponding responses. The most problematic aspects 
of creating a network within the area of competence are, in order of impor-

interorganizational activities and self-reference/individuality.

Tab. 2 – Number of responses from the organizations for each problematic aspect 
in the creation of a network in the area of competence (rows) and for each level 
(columns)

Not at all 
problematic

Unproblematic Neutral Quite  
problematic

Highly  
problematic

Coordination 
of activities 6 7 7 3

Diversity of aims/
objectives 10 4 4

7 10 6 3 2
 

in combining  
tangible 
and intangible  
resources

7 6 1

Self-referentiality 
and individuality 6 6 3

Fragmentation of 
inter-organizational 
relations

3 6 10 4

Inability to exchange 
information 4 3

 
of the importance  
of the network

3 3 7 13 2

Inability to assume 
responsibility 4 2
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and its sub-network including only the organizations established in Chianche, 
which is called local network, are analyzed. The weights of the edges out-
going from the nodes corresponding to entities which did not answer the 
questionnaire are set to zero. Moreover, the analysis reserved only for the 
entities that responded to the questionnaire is also carried out. The results 

as a bridging actor between local and territorial entities. 

5.1. The territorial network

The territorial network consists of all actors involved in the CoCo con-
stitution, directly and indirectly. The answers of all entities have determined 
the adjacency matrices of the two weighted digraphs obtained by considering 

edges. The corresponding network diagrams are shown in Fig. 1 and Fig. 2. 
The gray intensity of each node is proportional to the in-degree centrality, 
i.e. the number of connections entering that node by taking into account the 
weights of the edges.

-
ing to the actors who responded to the questionnaire has been extracted. The 
global measures of this subnetwork together with those of the whole territo-
rial network are reported in Tab. 3. 

The number of edges and, consequently, the density in the case of the 
trust attribute is greater than the case of the mutual knowledge attribute. 
Then, one could say that there is a propensity to collaboration even if some 

which did not provide answers, i.e. those nodes without outgoing edges in 
the network consisting of all 42 nodes, are excluded.

As regards the reciprocity (percentage of reciprocal connections), its 
value is similar for both mutual knowledge and trust attributes. The values 

-
rocated among the nodes. 
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Fig. 1 – Diagram of the territorial network obtained by considering the mutual 
knowledge attribute. The darker the gray tone of the node, the greater its in-degree 
centrality

Fig. 2 – Diagram of the territorial network obtained by considering the trust attrib-
ute. The darker the gray tone of the node, the greater its in-degree centrality 
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Tab. 3 – Global measures of the territorial networks with 42 nodes (second and third 

columns) 

Network with 42 nodes Network with 28 nodes
Measures Mutual knowledge Trust Mutual knowledge Trust
Edges 604 423
Density 0.40 0.63
Reciprocity 0.46 0.71
Diameter 1.33 1.33

In order to analyse the relationships among the nodes in terms of their 
distances, two more edges attributes have been considered: knowledge dis-
tance and trust distance. The edges weights are obtained as the reciprocal of 
the level indicated in the corresponding answer. For example, if the node A 

-
lar, for the null entries of the original adjacency matrices, no edges have 
been considered in the corresponding distance attribute too. The resulting 

mutual knowledge distance (1.33 in Tab. 3), which is coherent with the 
density results. 

-
uating the distribution of the network centralities among the nodes. 

The in-degree distribution for the mutual knowledge attribute in the ter-

CP11 (cooperative) are those with the highest in-degree centrality (70 and 

-

strategic in the network with respect to the connectivity features, allowing 
the shortest path connections between actors who do not know much about 
each other (all the other nodes have a betweenness less than 100). The nodes 

hub and authority centrality for the territorial network. 
Nodes clustering obtained by considering the in-degree and the between-

ness centralities for the mutual knowledge attribute can be deduced from the 
dendrograms shown in Fig. 4. As regards the in-degree, when the distance 

-
bers, respectively. Note that the cluster with 2 elements (those furthest to the 
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the highest in-degree centrality. At a distance level around 20, the two most 
numerous clusters merge in a single one. Finally, at a distance level of 36 all 
nodes of the network are grouped in a single cluster. The betweenness den-
drogram on the right of Fig. 4 clearly shows that most nodes connect into a 
cluster at a very low distance level because of the low values of betweenness 
for almost all nodes of the network. 

Fig. 3 – In-degree distribution in the territorial network by considering the mutual 
knowledge attribute

Fig. 4 – Dendrograms of the in-degree (left) and betweenness (right) measures for 
the territorial network with the mutual knowledge attribute

In synthesis, the network analysis shows that the two nodes which play a 
strategic role in terms of in-degree and betweenness centralities are the terri-
torial entities which are the principal promoters of the CoCo. 
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The same conclusions about the most strategic nodes of the network are 
obtained by considering the trust attribute and by restricting the analysis to 

5.2. The local network

The local network is obtained by selecting the 13 nodes belonging to 
the municipal territory of Chianche and the edges among the corresponding 
nodes. Note that this local network cannot be obtained as an ego-centered 
network extracted from the territorial network by choosing any of its nodes 
as the ego. The evaluation of the in-degree and betweenness centralities 

local entities and the others. 
The digraphs generate by considering the two edges attributes (mutual 

Fig. 5 – Diagram of the local network obtained by considering the mutual knowl-
edge (left) and the trust (right) attributes. The darker the gray tone of the node, the 
greater its in-degree centrality

The local networks global measures reported in Tab. 4 show that the den-
sity for the mutual knowledge attribute is greater than that for the trust attrib-
ute. A possible interpretation is that a high level of mutual knowledge brings 
a reduction of trust. 

The computation of the betweenness centrality in the local network shows 
that the node CP01 has a central role for the mutual knowledge. Moreover, 
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both networks consisting of 13 and 6 nodes.

Tab. 4 – Global measures for the two local networks consisting of the 13 local nodes 
-

Network with 13 nodes Network with 6 nodes
Measures Mutual knowledge Trust Mutual knowledge Trust
Edges 47 43 21
Density 0.30 0.70 0.63
Reciprocity 0.34 0.23 0.76
Diameter 2 1 0.67

In synthesis, the analysis of the networks has shown that the node CP01, 
which is the recently founded CoCo in the territory of Chianche,  has an im-
portant connecting position for the nodes of the local network and has central-

can be considered as a bridging actor between local and non local entities.

In this work, SNA has been used for studying the collaborations among 
organizations involved in the construction of a community cooperative. The 
analysis is supported by an empirical study carried out in a small municipality 
in Southern Italy. The connections among the nodes, based on mutual knowl-
edge and trust, have been evaluated through the submission of questionnaires 
which determined the adjacency matrices for the weighted digraphs repre-
senting the interorganizational networks. A local sub-network constructed by 
considering the actors which operate only on the territory of interest has been 
considered too. The analysis of the networks leads to the interpretation that in 
the small municipality trust seems to be reduced by the high mutual knowl-
edge. The higher reciprocity indicates a marked propensity for collaboration, 
which is based on a sharing of common objectives. Moreover, the centralities 
measures for the node representing the local cooperative demonstrate the im-
portance of that entity as a bridging actor between local and non local entities. 

Future work will concern a dynamic assessment of the networks involved 
in the establishment of community cooperatives aimed at highlighting the 
variation in the characteristics of the network generated over time as a result 
of the collaborations among the organizations involved.
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6. “Suite of roles” as a driver of core-periphery 
patterns in water resource governance networks

* **

1. Introduction

Water basins are complex social-ecological systems, spanning political, 
legal, jurisdictional, socio-economic, geographic and biophysical boundaries 

et al., 2011). No single player has sole authority in water governance. 

agendas, resources, expertise, and authority. Further, water resource govern-
ance requires an adaptive process that addresses both place-based needs of 
water users and ecological challenges in such complex systems (Folke et al., 

to build and maintain networks of relationships and collaborations, is con-
sidered fundamental to solving the “perpetual crisis,” of water policy (Scholz 

actors, which can be presented graphically and are evaluated empirically. 
Network structures, or patterns of connections, emerge as actors enter into or 
maintain relationships with others. Collective actions in resource governance 
result in polycentric arrangements, consisting of independent agencies and 
organizations in all sectors and government that work to achieve common 

-
tors in the peripheries are relatively close only to the well-connected central 

*

**
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et al., 2013). Core periphery patterns are not uncom-
mon, and have been observed in collaborative water resource management 

Coeur d’Alene (the pilot for the current study), and the watershed governance 
et al.

Moreover, little research has been done to examine the drivers of core-pe-

et al. et al.

Jasny, personal communications). In this study, we focus on drivers of the 

What actor attrib-
-

cation, what attributes lead actors to be central in the network?
Resource dependence theory posits that actions of organizations revolve 

actors in water governance seek services or capacities that further their goals 
in the basin. We propose that centrality of an actor in a network is not based 
on who an actor is in terms of a formal entity or its mission, but is a function 

what an 
actor does. In this study, we developed a panel of actor capacities as a suite 
of roles composed of: resources, comprised of data, expertise, funding, and 

formal roles -
informal roles, comprised of collabo-

rations, communications, and policy entrepreneurship.
We used mixed methods research for this study that included collection 

2007). Evaluating results from multiple techniques can result in more com-
et al., 2017). 

We evaluated our proposition by combining methods in conventional statis-
tics and social network analysis in a stepwise process. We began with scop-
ing to develop a comprehensive list of possible actors involved in water re-
source governance in each basin. This process involved using archival data 

et al.
organizations’ websites, and information supplied via emails and person-
al communications with basin actors. We then developed and distributed 
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each basin. Survey data were used to populate network matrices. Items con-
stituting three role types – resource roles, formal roles and informal roles 

-
ments, and by talking to water management practitioners in the study area. 

Freeman, 2002) to test the presence of core-periphery network structures 
and the “statnet” package in R to perform quadratic assignment procedure 
(QAP) correlations to compare similarity of network patterns across basins 
based on the actor types. Finally, Pearson’s correlations and Poisson regres-
sions were used to evaluate the relationship between the suite of roles and 
centrality of actors. The results obtained in each step were consistent and 
supported our proposition as expected. 

2. The study – setting and data collection

2.1. The study setting

-

Fig. 1 – Locations of the reservoir basins in this study, from west to east: Lakes 

d’Alene – bottom center – was the setting for the pilot study in this research
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-

etkw (Flathead) are entirely in three US states, Washing-

in this study is created by or enhanced by a hydroelectric dam. Factors such 
as major land tenure, dam ownership, water user needs, and water quality 

from top-down co-management by dam owners and government agencies to 
fuller collaborations by a range of actors. 

2.2. Obtaining network data

-

the network boundaries to include all actors who participate in the water gov-
-

ation. For this research, water governance includes organizations involved in 

resource management documents (Scheinert et al.
meeting minutes, to identify organizations that are likely to play a role in the 

-
-
-

izations was standardized by actor type, such as “state-DEQ”, to encompass 

regional, county, and city government agencies, educational and research 

We reached out to each actor in each basin using a mixed-mode approach 

we asked 
for the person in each organization who was most involved in the manage-

. Respondents 
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to it in a form of snowball sampling (Schneider et al., 2003). The number of 
-

-

though some received numerous incoming ties. The response rate, by basin, 
-

comparable to results in other water governance studies conducted in the 
U.S. and Canada (see Schneider et al. -
ert et al. et al., 2017). 

the governance process. The current paper draws primarily on the network 
section of the survey, where respondents indicated whom they interact with 

2.3. Constructing and visualizing matrices

may not reach back to A). For each basin, we created the combined water 

-

-
tional boundary. Many U.S. resource laws mandate collaborative co-man-
agement of resources1. Canadian laws are sparse in such requirements how-

-
works (Horning et al.

1

94 Stat. 2698.
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with the Canadian agencies coded as the primary, e.g. “federal” actors, and 

Non-responses create issues in network analysis, as they result in missing 
ties and errors in centrality measures. Imputing missing contacts using the 
median of 3-nearest neighbors technique, which is based on the smallest 
calculated (Euclidian) distance of incoming ties to actors, produces the most 

et al., 2017). 
To minimize the degree of imputation and to improve reliability, we recon-
structed missing contacts using information from archival data and personal 
communications before imputing the remaining missing ties2. 

The survey showed that some basin networks were comprised largely 
-

3, which 

provincial levels. Tribes and First Nations, as sovereigns, operate their own 
natural resource departments. Regulatory structure coupled with centralized 
management suggests a dominance of tribal and government agencies in the 

each reservoir basin based on actor type – who an actor is.

2.4. Constructing the suite of roles

multiple distinct roles, conceived as a suite of roles – what an actor does. 

We ascertained these roles and the corresponding tasks by using survey re-
sponses and planning documents, and by talking to practitioners in the study 
area. Resource roles are an aggregate of four tasks containing providing data 
and information, expertise, funding support, and/or political support. Formal 
roles are the sum of seven functions involving legal framework, including 
dam, land and resource tenure, regulatory oversight, regulatory obligation, 

2

personal communications).
3 -

-
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treaty rights, formal agreements and court decisions. Informal roles of or-
ganizations are an aggregate of four functions including technical collabo-
rations, hosting public forums for information exchange, publishing news-
letters (print or email) or providing online information and resources, and 
leadership (Johnson et al., 2003), or the degree to which an organization (or 
a key person within it) is considered by others to be a policy entrepreneur or 
“rock star” actor. 

An actor can simultaneously serve in formal, resource, and informal 

dam-owner and operator (a formal role), but it actively provides data, and 
funds research (resource roles), and actively collaborates on research with 
other actors, and co-hosts a well-publicized annual public forum (informal 
roles). We constructed actor by roles in which each organizational actor was 
assigned a 1 when it performed a function noted above, 0 otherwise. The sum 
of the 1s for each actor in the three role-type matrices resulted in a quantita-
tive score measuring the level of each actor’s engagement in the lake basins. 

maximum number of formal roles was six (average of 0.6), and maximum 
four informal roles (average of 1.3).

3. Analysis 

3.1. Network visualization

We visualized the network matrices using Ucinet for social network anal-
et al.

the densities and distributions of interactions both between and within ba-

the classic core-periphery pattern observed across the basins. The core actors 
in the network, as blocked by Ucinet’s core-periphery test, are densely tied 
to each other and are displayed in solid black whereas the periphery actors 
are shown in grey. It is also apparent that the core-periphery network is also 
dominated by a few central actors.
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displays classic core-periphery network structure

3.2. Core-periphery tests 

-

algorithm to divide actors into core and peripheral membership classes, and 

into a 2x2 contact matrix. The observed networks are compared relative to 
an idealized core-periphery structure, producing one core-core region with a 
“perfect” 1-block (all connected), two core-periphery regions with 1-blocks, 

et al.
score that approaches 1 corresponds to a strong core-periphery structure. 

-
prising consistency (Table 1). Chelan’s network shows the highest core-pe-
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core-periphery structure. PO = Pend Oreille, KBC = Koocanusa from a Canadian 
perspective, KMT = Koocanusa from a U.S. perspective, F = Flathead, R = Roo-
sevelt, C = Chelan

Network PO KBC KMT F R C
0.623 0.674

Fisheries 0.646 0.630 0.714
Water Quality 0.722 0.644

3.3. QAP correlation of network patterns on actor types

We used the quadratic assignment procedure (QAP) in R to assess cor-
relations between network structures across the basins, as given by actor 
type. The technique has been used in evaluating similarities of patterns in 
watershed governance networks (see Scheinert et al.

positions between the various basins. QAP unstrings network matrices into 
vectors for pairwise matrix correlations. We used the algorithm’s default of 

The QAP correlation results do not support similarity in network structure 
based on actor types. Among all the pairwise matrix correlations, the high-

3.4. Poisson regressions on the suite of roles

In testing the suite of roles argument, we are interested in how well re-
source roles, formal roles and informal roles explain high indegree centrality 

governance networks. 

counts (scores) as discussed earlier. Correlation values range from moderate 

but are more variable in separate networks. The resource role correlates 
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-

water quality network). 

on centrality of actors, measured in indegrees. Poisson regression is the pre-
ferred statistical technique when the outcome variable such as ours is meas-
ured in counts (Coxe et al. -
gree, or degree centrality, captures the number of ties it receives (receiving 

network. We used actor’s degree centrality as a proxy for being core or cen-
tral actor in the network. We used the three types of roles – resource roles, 
formal roles, and informal roles – as the independent variables, measured 
as scores. In our case, high indegree (central) actors are often highly active 
communicators, thus also having high outdegrees. Since indegrees and out-

role type on the centrality of actors controlling for other roles and outdegrees 
in the model. 

values with corresponding p-values. We also tested for potential multicol-

for 44 percent proportional reduction in deviance due to the inclusion of the 
predictors as indicated by the McFadden pseudo R-square (see Coxe et al., 

number of roles the organizations play determine their indegree centrality 
-

indegrees compared to an organization providing three resources, controlling 
for other roles and outdegrees. In other words, an organization is expected 

increase with an additional resource role may not sound much. However, for 
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Tab. 2 – Poisson regression estimates explaining indegree centrality in aggregate 

Variable Fisheries all basins
(Intercept) *
Resource *** 1.44 (0.04)***
Formal 1.24 (0.03)*** 1.24 (0.02)***
Informal 1.12 (0.04)** ***

1.04 (0.01)*** 1.03 (0)***
R-square
N

The importance of the suite of roles remains largely consistent across all 

-

in all networks except for Chelan. Informal roles are especially important in 

indegrees in Roosevelt and Chelan.

Tab. 3 – Poisson regression estimates explaining indegree centrality, by basin, for 

Variable Pend Oreille Koocanusa Flathead Roosevelt Chelan

(Intercept)
0.43 1.00 1.27 0.26

(0.33)* (0.62) (0.31) (0.47)*

Resource
1.3

(0.1)*** *** *** (0.16)***

Formal
1.17 1.24

*** (0.1)* *** *** (0.24)

Informal
1.17 1.00 0.74

** (0.1) (0.21)
1.03 1.02 1.02 1.04

(0.01) (0.02) (0.01) (0.01)*** ***
R-square
N 32
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the indegree in all networks. Formal roles, again, are important in all basins 
except Chelan. Informal roles are highly variable in their impact on inde-

-
moved informal roles from the model for the Flathead water quality network 

Tab. 4 – Poisson regression estimates explaining indegree centrality, by basin, for 

Variable Pend Oreille Koocanusa Flathead Roosevelt Chelan

(Intercept)
2.13 1.02

(0.47) (0.31) (0.33)*

Resource
1.36 1.41

*** *** (0.13)* *** (0.11)***

Formal
1.27 1.24 1.3

(0.07)*** * (0.04)*** *** (0.16)

Informal
1.36 1.13 † 1.22

*** * (0.1)
1.01 1.04 1.03 1.1

(0.01) (0.02)** (0.01)*** (0.01)** (0.03)***
R-square
N 32

† variable dropped due to multicollinearity issues

4. Discussion

-

is notable that no single actor is central, rather a group of core actors, is in 
the apex of the basin governance. The core actors are diverse organizations 

polycentric system of governance. Densely connected core groups create a 
condition for the core actors to regularly consult when making decisions. 
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peripheral and core actors create governance systems that provide oppor-
tunities for peripheral actors not only to participate but also to voice their 
interests or concerns via core actors. 

As to what drives basin actors to be at the core of the network, the very 
low correlation observed between structurally similar core-periphery net-

-

in the networks, however, suggest that another driver is far more important 
to network centrality scores than who an actor is.

Analysis results support our premise that the emergence of core actors 

an actor does. The generally high correlations between the three types of 
roles and indegree centrality of actors suggest that, when making the choice 

governing challenges of the basin. As we expected, organizations in the 
study basins tend to rely on other organizations that play multiple roles, have 
greater capacity, or can shoulder more responsibility. This mechanism could 
lead to highly centralized networks with a dominant central actor, but in this 
study, basin networks are characterized by the presence of multiple central 
(core) actors. This suggests that actors in the basins favor groups of central 
actors that encourage greater consultation and collaboration in the network. 

-
sin is characterized by core-periphery network structure, and the centrality of 
actors in the network is driven by what actors do rather than what actors are. 
In this research, we examined three types of roles – resource roles, formal 
roles, and informal roles. We used social network analysis and conventional 
statistical analysis in a stepwise manner to examine our proposition that roles 

While more study is needed for better understanding, part of the variability 
appears to be associated with the size and composition of the core actors and 

and network evolution appears to stem also from geographic, cultural, and 
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sets of specialized actors.
Core-periphery structure in collaborative water governance is not uncom-

contributes to this literature by highlighting the presence and importance of 
core-periphery network structures in multiple lake basins. We were able to 
observe the network governance structure in the basins at one point in time. 
It is possible that the governance structure changes with time, requiring the 

number study limiting the generalizability of the results. Future research 
should address these limitations. Applying this study to additional basins 
may reveal similarities in network characteristics of central actors, such as 

-
tween and among the basins. 
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7. Development program intervention 
and network building. 
Application of bipartite Exponential  
Random Graph Models

*

1. Introduction

Most social network research assumes that network building behavior of 

Networks are generally self-organized as actors choose to connect based 

choice overlooks the importance of social interventions aimed at enabling 

While some actors may be introvert, others may lack conducive environment 
or skills needed to engage socially (Chaskin et al., 2001). Social interven-
tions are activities designed to improve social skills of actors or to modify 
the social context within which they function. These interventions can take 
various forms, including creating formal or informal forums to socialize and 
interact and providing trainings on social engagement and communication 
skills, the goal being improved network building capacity of actors. 

Social interventions, or capacity building measures, are common in com-
munity development assistance programs. Many community development 
programs invest in capacity building measures as part of the assistance to 
communities. The premise is that the communities with exposure to social 
interventions will engage in network building not only to complete the as-
sisted project but also to pursue self-help activities after the assistance ends. 

2010). However, there is little or no study of whether and how exposure to 
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The purpose of this research is to test whether social interventions enable 
the aided communities to build networks in the long-term after the assistance 

communities’ network with organizations on the communities’ ability to se-
cure program funds during the project implementation (Shrestha, 2013) and 
communities’ network activities in the short-term after the program funding 

network activity of rural communities in Nepal who received aid through the 
community water supply program. This research contributes to the knowl-
edge of the process theory of public assistance programs by evaluating the 
assumptions underlying the network building behavior. Given that networks 

building is especially important. The resulting insight can be valuable to 
management looking into modifying network behavior for the desired result.

This research proceeds with the discussion of a process theory of network 

it outlines the research design, detailing collection of network data, design of 

graph models to model the observed network. Then, it presents and discusses 
the results. It concludes with the implications and limitations of the research.  

2. Social Network Intervention and Network Building 

Networks are formed as actors engage in network building – an act of 
creating ties with other actors. Creating ties involves choosing partners to 

-
sesses or the positions it holds because of the presence of other ties (Robins 
et al., 2007). For example, a focal actor may choose a partner to access re-
sources it holds, or it may choose a central actor, preferred by many others, 

in their social skills and in their ability to act in a certain social context. 
-

lution, participation, and treating others respectfully (Chaskin et al., 2001). 
Social environment includes the social setting, social institutions, power re-

how to initiate, respond and react, how to talk and gesture, and how to cope 
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et al., 2001). Understanding the subject matter, processes, and the roles the 
potential partners play can prove important in building relationships. (Ar-

Community capacity building literature stresses the existence of collab-
oration, problem-solving abilities, planning and decision-making skills and 
relationship building as important elements of community capacity (Chaskin 
et al., 2001). Many community programs invest in community capacity 
building through funds set aside for technical assistance, separate from capi-
tal assistance meant for building physical assets. Although designed as short-
term interventions, these measures are argued to build the long-term capacity 
of communities (Chaskin et al., 2001). Technical assistance to communi-
ties commonly focuses on providing formal and on-the-job trainings. For-

engagement, record keeping, and collaboration and relationship building. 

operation of the funded projects, organizing community meetings, keeping 
minutes, and development of community institution (e.g., Users’ Commit-
tee) to sustain the project long after its completion. 

Community development programs assume that the capacity building 
measures will improve communities’ capacity for network building which, 
in turn, will lead to greater network activity of the communities not only to 
access resources for the assisted project but also to mobilize support for new 
self-help projects after the assistance is over. Increased network activity can 
occur when communities are motivated to do so. Communities hardly pos-
sess all the resources they need to successfully plan and implement projects. 
According to the resource dependence theory, communities will reach out 

-

draw upon the resources of family and peers but then attempt to forge broad-
er and more autonomous ties beyond the group as their need for larger mar-
kets and more sophisticated inputs expand. In the context of local economic 

capital serves as a basis for launching development initiatives, but it must be 
complemented over time by forming linkages to broader extra-community 
institutions to get ahead. Studies carried out in the US, Canada, and develop-

outcomes during the program implementation. While the attributes of con-
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-
comes, the role of network activity in general has been a subject of constant 

and Meier (2004) found that school superintendents’ frequency of contacts 
with school boards, business leaders, state legislators, education agency, 
and other superintendents were correlated with the performance of schools. 
Shrestha (2013) found that communities’ organizational network size (i.e., 
degree centrality) was associated with their success in securing the program 
funds needed to implement water supply projects. There is limited research 

program funding is over, especially when it relates to longer-term network 
-

building of rural communities with various organizations but it was limited 

limited to those that received program funding. 
-

ines communities’ long-term network activity, which is one of the important 
network building behaviors for outcomes to realize. It also probs whether 
the communities exposed to program intervention display greater network 

-
works are ubiquitous, communities, with or without program interventions, 
are likely to engage in networking. The expectation is that the communities 
with program exposure will show greater network activity than the commu-
nities without such an exposure.

3. Data, Measures, and Analysis

3.1. The empirical context

The Rural Water Supply and Sanitation Program (RWSSP) in Nepal pro-

the immediate goal of the program was to help rural communities to improve 
their access to clean drinking water. The program adopted a collaborative 
model. Each interested community initiated a water supply project and elect-
ed a Water Supply and Sanitation User Committee (WSUC) to perform the 
day-to-day tasks of the project. The program, for its part, supported the com-
munities with technical assistance and matching funds to implement the wa-
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ter projects. The program used criteria-based funding. The criteria included 
securing the matching cash and in-kind (mainly unskilled labor) portions of 
the project’s costs, complying with the regulatory provisions, and ensuring 
transparency by conducing open public meeting about the operation and ex-
penses of the project. In addition, communities that were from remote areas, 
smaller in size, and were to save more time in collecting water with new 
project received priority for the program funds. 

half of them were funded. As part of the technical assistance of the program 
during the implementation of the project, the funded ones received on-site 
formal and on-the-job training as well as advise relating to the importance 
of linkages with various organizations to mobilize various support they 
need to implement their projects. The capacity building measures together 
with criteria-based program funding encouraged the communities to create 

business organizations to mobilize their support to build the water projects. 
Such support included the community’s portion of matching funds, regu-
latory support, expertise, or political support. The program also hoped that 
the communities will use the improved capacity to connect with organiza-
tions to mobilize resources needed to address other community needs after 
the funded water project is complete, which is the focus of this research. 

3.2. Obtaining community by organization network 

Communities’ ties, representing resource contacts, with organizations 

-
nities applied for the program funds for water projects and, thus, included 
the communities that received the program funds (and the capacity build-
ing interventions) and the communities that did not1. Districts are the main 
sub-national political and administrative hubs in the country. Their boarders 

were aimed at mobilizing resources to purse self-help activities. The survey 

the water projects by the funded communities. 

1
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-
terviewers conducted the survey by visiting the communities in their villag-
es. For each community interviewed, the respondents were the WSUC as 
a group which included the Chairperson, the Secretary, and the Treasurer. 
The respondents were asked to name the organizations they contacted to 
mobilize resources needed to pursue self-help projects. The survey asked for 
organizational contacts made after 2007, the year of completion of the water 
projects by the funded communities, for information, funds, political buy-in, 
and regulatory support, deemed important for pursuing community projects. 
The respondents were asked to name the organizations they contacted to mo-
bilized resources for those projects. Four open-ended name-generator ques-
tions were asked. The opening question was: “Contacts with organizations 
can occur to address key resource challenges (information, fund, political 
support, and regulatory help) that you encounter. Now, please recall and tell 

-
-

holders at the local, district and central levels with whom you made one or 
more contacts”. The remaining questions were repeats of the opening ques-
tion which were asked separately to capture the organizational contacts made 
at the local, district, and central levels. The face-to-face interview in the local 
language, Nepali, combined with judicious use of prompts improved the re-
liability of the responses. This resulted a reasonably complete contact data. 
The survey also collected data on community size and the communities’ 

-

-
ing government agencies, local governments, banks, cooperatives, nonprof-

pursued included village roads, irrigation channels, school buildings, trails, 
bridges and community centers. 

Table 1 presents the summary statistics of the organizations contacted by 
the communities and their attributes with a breakdown for communities that 
received program funding and the communities that did not. 
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-

to collaborate with organizations. 

Tab. 1 – Summary statistics of communities contacting organizations

Variables Mean Median StDev Min. Max.
Funded communities
No. of org. contacted 6 4.76 1
No. of outside org. contacted 3.47 3 1.70 0
No. of households (size) 130 30

2.12 2 1.44 1 6
Future collaboration 3 7
Unfunded communities
No. of org. contacted 6.27 2
No. of outside org. contacted 3.11 3 2.31 0 10
No. of households (size) 76.06 26

1 6
Future collaboration 4 2 7

of 1 through 7.

3.3. Evaluation design

3.3.1. Comparison group evaluation design

the communities that secured program funding and the communities that 

posttest-only comparison group evaluation design is used. The compari-
son group design uses a nonrandomly assigned comparison group with the 
treatment group unlike in a control group design which uses a randomly 
assigned control group for comparison (Rossi et al.
communities with and without the program funding provided the setting 

the treatment group consisted 66 communities that received the program 
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activity for the communities in the treatment group and in the comparison 
group.

The communities in both groups were from the same study areas and, 
thus, were expected to be similar geographically, culturally, and demograph-

-
ness for future collaboration for both groups were compared to ensure that 
groups were similar except for the capacity building measures that came 
with program funding. The combination of the covariates and the selection 
of the comparison group from the same geographical or cultural settings is 

-
tion (Rossi et al.

The average community size, or the number of households, for the treat-

-
munities face greater needs which means pursing more new projects of dif-
ferent types leading to seek ties with many organizations to mobilize a great-
er variety of expertise and resources than that of the smaller communities. 

the treatment group’s average level of willingness for future collaboration 

moderately optimistic about future collaboration. 
Network activity of a community was measured by its degree centrality. 

contacted by the community. In the two-mode network matrix between com-
munities listed in rows and organizations listed in columns, a community’s 
degree centrality is the sum of all the 1s, or the presence of ties with organiza-
tions, over all the cells across a row, representing the community. A commu-
nity with high degree centrality means that it has contacted greater number of 
organizations than a community with low degree centrality. The median degree 
centrality for the funded communities was 6 and for the unfunded communities 

time for both groups of communities, internal validity is expected to be higher 
(see Rossi et al.
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3.3.2. Bipartite exponential random graph model

Ties are not independent and communities’ degree centrality with organi-
zations is expected to vary across the communities. Generally, the larger com-
munities have greater community development needs and, therefore, likely to 
purse greater number and types of new projects than the small communities, 
leading to greater variance in the distribution of community degree centrality. 

not take into account the structure of ties, a bipartite exponential random graph 
model (ERGM) was used to model (account for) the tendency of community 
activity spread (discussed below) along with the community attribute “funded 
community” to determine whether the probability of creating a tie is higher 
for the funded communities than for the unfunded communities. An ERGM 
is appropriate for statistical analysis of social networks observed cross-sec-

might have generated the observed network. The model describes the proba-
bility of a tie conditional on the rest of the network and the attributes of actors 

2. Thus, 
-

termine whether an actor with a particular attribute (in this case, the funded 
communities) has higher probability of creating ties than without the attrib-
ute, taking into account the network structures and other attributes. In terms 
of conventional multivariate analogy, in ERGMs, the observed matrix of ties 
is treated as the dependent variable and assumed structural features and node 
attributes are treated as the independent variables. ERGMs are the probability 
distribution from which the random graphs are simulated using the Markov 

 et al., 2013). The simulations 
-

nity activity spread) by comparing the value of the statistics computed on 
the simulated networks with those observed. The parameters are determined 
using the maximum likelihood estimation that maximize the probability of 

network than in a network where ties are created at random (Robins et al., 
-

ditional log odds, in a logistic regression (Robins et al., 2007).

2 -
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determined by including a dummy variable, coded 1 for the funded com-

communities are represented in dark circle and organizations are represent-

program funding means that the communities with program exposure have 
higher probability of creating network of ties with organizations than the 
communities without the program exposure.

The model also includes community degree centralization and several 
other attributes of the communities. Community degree centralization, also 
called community “activity spread” (see Wang, 2013), is the tendency of a 
community to connect with many organizations to mobilize wider support. 
The larger communities face greater needs than the smaller communities. 
This means that larger communities are likely to purse more new projects of 

-
lize a greater variety of expertise and resources. This tendency leads to a few 
communities more central in the network, suggesting a greater variance in the 
communities’ degrees with organizations. Figure 1A shows 2-, 3-, and 4-star 

the communities. In ERGMs, degree distribution across the actors is parame-
terized by combining them into one parameter, called “alternating k-out-star” 
(Wang, 2013). The alternating k-star statistics is a weighted sum of all the 
stars in the network. A k in the alternating k-out-star parameter represents the 

k -
ter for alternative k-out-stars suggests that the network activity is centralized 
around a few high-degree communities whereas a negative parameter means 
a more uniform distribution of the communities’ degrees with organizations. 

-
-

munities. The communities with higher values on those attributes are more 

with these attributes are shown in dark circle. Moreover, the communities 
requiring more resources are more like to connect with organizations beyond 

-
-

tacted organizations were categorized into outside and village organizations, 
and then a dummy variable was included, coded 1 for outside organizations 
and 0 for the village organizations. The outside organization variable is an 
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aggregate of the district and the central level organizations. In addition, four 
study district dummy variables were included to adjust any other unobserved 

the structural and attribute parameters are included in Figure 1. 

4. Results and Discussion

Table 2 shows the average characteristics of the funded and unfunded 
communities. The average characteristics of the communities in both groups 
are similar, except for the average community size for the two groups of 

-

Tab. 2 – Balance between funded and unfunded communities

Community characteristics Funded  
communities

Unfunded  
communities

p-value*

Community size 0.06
2.12 (2) 0.14

Future collaboration 0.32

* Independent-samples t-test. Figures in the parentheses are median values.
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Table 3 reports the average degree of the funded and unfunded commu-
nities with organizations. While the impact of the program exposure on the 

-

Tab. 3 – Comparing means of community degree with organizations

Funded 
communities

Unfunded  
communities

p-value*

Community degree 0.22

* Mann-Whitney test. Figures in the parentheses are median values.

Table 4 reports the bipartite ERGM estimates for both structural and at-
tributes parameters included in the model. The MPNet program available at 
http://www.melnet.org.au/pnet/ for analyzing bipartite networks was used to 
obtain the estimates (Wang et al., 2014)3. The table also includes observed 
graph statistics and t-ratio indicating that the estimated model is well con-
verged4. The results show that the funded-community attribute parameter is 

-
ed communities controlling for community activity spread and other attrib-
utes in the model. The community activity spread parameter was statistically 

-
ed the activity spread tendency dissipated. In general, communities are more 
likely to create ties with organizations outside their villages, indicated by the 

organizations hold more information, resources, and authority and, thus, are 
-

literature that suggest that extra-community ties are essential for communities 

3 -

et al., 2014).
4
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more likely to create tie with organizations. Given that communities prefer 
contacts with outside organizations, the communities may be compensating 

with positive attitude about collaboration have high probability of creating ties 

-
ing the communities’ likelihood of creating ties with organizations.

Tab. 4 – Bipartite ERGM estimates for communities’ probability of ties with organ-
izations

Parameter Count@ Est (se) Est (se) t-ratio
Edge * * -0.03
Community activity * -0.03
Funded community 422 0.03 (.07) -0.07 (0.07) -0.04

0.77 (0.07)* -0.02
Community size 0.001 (0.001) 0.01

0.12 (0.03)* 0.02
Future collaboration * -0.01
Sindhupalchowk 0.10 (0.12) -0.07
Makwanpur district 124 *
Sindhuli district 0.11 (0.13) -0.01
Dhading district * 0.02

The result for the funded community attribute obtained from the ERGM es-
timate that included structural and community attribute parameters was found 
similar to the result obtained from bivariate analysis. In both instances, the 
funded communities’ probability of creating ties with organizations in the long-

showed that, during the implementation phase of water projects, the funded 
communities were associated with greater network activity (Shrestha, 2013). 

-
ties might fade over time because both groups of communities can overlap 
in their contacts with organizations, creating an opportunity for the unfunded 
communities to learn the strategies, used by the funded communities, through 
the shared organization. For example, one such organization in each study dis-
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both the funded and unfunded communities for funding and other referrals. 
-

sible for members of both groups of communities to meet at some common 
public venues such as a local market, allowing the unfunded communities to 
get information about the potential organizations to seek contacts with. An-
other plausible explanation could be that these communities, being located in 
remote areas, have low level of community capacity and, thus, require longer 
program support. In that case, when the program assistance ends, the capacity 
of funded communities, needed to actively engage with organizations, may 
recede over time. Finally, during this period, the unfunded communities may 
have secured external program support to improve their capacity. In this situa-
tion, the unfunded communities are likely to catch up with the capacity of the 
funded communities in building networks with organizations.

This research used comparison group evaluation to discover whether 
external program support increases the network activity of receiving com-

ERGM results show that the funded communities’ likelihood of creating 

-
nities can dissipate over time because the unfunded communities can learn 
from the funded communities either through the shared organizations or 
through participation in common venues such as local markets. It is also 
possible for the unfunded communities to secure external program support 
to improve their capacity to catch up with the funded communities. Nev-
ertheless, these communities tend to create ties with outside organizations 
as these organizations hold greater resources than the village level organi-

network building behavior of these communities. While additional research 
will be needed to be conclusive about the absence of sustained impact of 

questions whether the extent and duration of the program support received 

is more likely for communities located in remote areas whose capacity is 
generally low, requiring longer support to sustain the ability to engage in 
network building. 
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From a theoretical perspective, this research highlights the need for ex-
amining not only the link between the extent and duration of external support 
and network building but also why network activity of actors fades over time. 
From the methodological perspective, this research advances the use of com-
parison group evaluation methods in social network analysis to assess the 
impact of social interventions on network building. The methodology used in 
this research should help start developing network evaluation in community 
development programs, which is largely absent. This is especially important 

-
sult. This research can also be helpful for community development practice. 
Analysis of the communities’ networks with organizations could serve as a 
useful diagnostic tool for community development professionals engaged in 
improving community capacity and network building. These networks can 

-
pacity to meaningfully engage with others for local action.

This research observed network activity of communities in the program and 
comparison groups at one point in time ex-post the program intervention. It 
lacked baseline network activity for both groups of communities prior to pro-
gram exposure, important for achieving greater methodological rigor. In addi-
tion, this research focused on network activity to assess the network building 
behavior of communities. The composition of the organizations contacted or 
the attributes of the contacted organizations are also equally meaningful. Also, 
the study is limited to the case of a single community infrastructure program, 

should address these limitations. Future research should also examine the 
questions discussed above that have important theoretical implications.  
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1. Introduction

in severe cases, the virus can cause pneumonia, acute respiratory distress 
syndrome, sepsis, septic shock and even the death of the patient.

The SARS-Cov-2 virus is a new generation virus for which there is cur-
-

ment of clinical symptoms.

market in the city of Wuhan, the capital of Hubei province in China, as some 
patients developed pneumonia without a clear cause.

patients with symptomatic disease had already appeared in early December.

*
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Since then the epidemic has spread rapidly, and as of 17 June 2020, a total 
-

corded, most concentrated in the northern Italian regions, in particular in 

-
ered as one of the most crucial in Italian history. The critical issues not only 
concerned the spread of coronavirus and the management of the health emer-

and religious freedoms, economic recession, crisis in international relations 

This contribution aims at analysing the dissemination of information in 

how they are connected to each other.

broke out, the main features of which can be summarised as: 1) high volume 
-

The term Infodemic has become a key word with respect to misleading 

become a contributing factor to collective social behaviours capable of alter-

These phenomena certainly include the spread of Fake News. However, 
the concept of infodemic, understood as “bad information”, is not exclusively 

An example of this type concerns the news leak that was disseminated 

increasing the risk of contagion (Cinelli et al., 2020).
-

opment of infodemic phenomena is historically frequent. The feature that 
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Social systems are huge information boosters, and information travels at 

SM have great visibility and are able to generate user collectives, who share 

In this paper, we have decided to identify and analyse the characteristics of 

In particular, the analysis presented here is exploratory and aims to pro-
-

lated to the main production and dissemination agents of content on Twitter. 
The study is structured through the following research stages: a) analysis of 

basis of their productivity, their network of followers and the mentions they 
received and Retweets they obtained, which was made possible through the 

and, due to the complexity of the phenomenon, the analysis of the character-
istics of the communication networks through a multilayer network analysis 

-
mation content as well as conspiracy theorists.

Twitter is sensitive and therefore closely connected to institutional commu-

-

lance on social networks

-
ly recent, scholars in the Social Data Science area have promoted sever-

environments. The observational infoveillance produced several useful and 
accessible databases (Chen et al. et al. et al., 2020) 
and allowed various studies on the infodemic to be conducted (Cinelli et 
al. et al. et al., 2020). The common goal 
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of these papers is to analyse the characteristics of the viral online commu-

-
ral dynamics of online disinformation, etc.

In this latter aspect, the research by Singh et al. (2020) is interesting be-

predominant subjects over others. Pulido et al. (2020) demonstrated how 
fake information is tweeted more (more produced) and that there is less 
retweeting of science-based evidence and fact-checking Tweets.

the pandemic and on the role of counter hate speech in the mitigation of 
et al. (2020) studied the 

evolution and spread of anti-Asian hate speech through Twittersphere and 

human users do not interact in isolated polarised communities but interact 

but research also shows that counter hate messages can discourage users 
from turning themselves into haters. The importance of bots on social me-
dia communication is also demonstrated by Ferrara (2020). In his study, he 
showed that automated social media accounts are active in the context of 

-
cy theory, Ahmed et al.

network structures: an isolates group and a broadcast group as well as other 
smaller groups. The analysis also revealed that on a sample of 233 Tweets, 

-

77) contained neutral Tweets. This suggests that, although the topic attract-
ed high volume, only a few users genuinely believed the conspiracy. More 

et al. (2020) analysed the reliability of the content con-
veyed on Twitter. The research showed the severe impact of information that 
misleads people and the spread of unreliable information on Twittersphere 

-
teristics of the opinion leader on social media.

All these studies are very interesting and shed light on the info-pandemic 
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-
encers to detect the main communities and their characteristics and to focus 

content shearing users.

3. Data and method 

The choice to use Twitter is due both to the streamlined and dynamic 

amount of public content. Twitter presents itself as a relationally asymmetric 

not necessarily two-way but can be non-reciprocal and grouped by Friends 

(van Dijck, 2013, p. 70).
-

is divided into three fundamental actions: 1) the production of content 

in the context of Internet Relay Chat (IRC) was introduced, marked with 

Trending Topic algorithm. The hashtag is a fundamental part of the syntax 
of Twitter and has a dual function, one manifest and the other latent. The 

3.1. Collecting the data

The data collection phase from Twitter was carried out by establishing a 
streaming connection to the social media API. Through this access system, it 
was possible to acquire Tweets in real time over a certain time period.

The data collection process was organised into three phases.
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-

April 2020) a further hashtag #Fase2 (#phase2) was added. 
The Tweets dataset was collected using Socialgrabber, an online service 

platform, that provides a user-friendly GUI to use the publicly available 
Twitter Streaming API (Access Programming Interface).

The platform allows the collection of data scheduling and data acquisition 

refers to the user, the text, the time and the entities occurring in each Tweet1 
-

gether with the Tweets. A Retweet is when a user just republishes a post of 
another user. We processed the collected dataset using several Python scripts, 
and we developed a script to collect all the friends of the top 1,000 users by 
using the Twitter API user, ranked according to a system that will be better 
explained in Section Methods & Data processing. It is worth noting that the 
term friend refers to the users that a given user follows on Twitter.

3.2. Composition of the dataset

acquisition phase. Compared to the complete data set, Tweets were 2,021,313 

decisions. The frequency curve shown in Figure 2 shows an increase in data 
-

the National Health Service and economic support for families, workers and 

1

data-dictionary/overview/tweet-object.
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Fig. 1 – Temporal distribution of Tweets and Retweets

Fig. 2 – Hashtags’ WordCloud 
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From the content point of view, a hashtags list which was needed through-
out the dataset emerged (Fig. 2).

are particularly descriptive of the situation and of the social actors involved.
The analysis of the occurrences shows:

 – a subset of hashtags used as synonyms for coronavirus (#coronavirus, 
-

 – a semantic area of the keywords that describes the lockdown (#ioresto-
acasa, #phase2, #pandemic, #quarantine, #andràtuttobene, #lockdown, 

 – a group of words representing some of the social actors and institutions 
that characterise the whole story: #conte, #salvini, #italia, #lombardia, 
#milano, #governo, #roma, #cina and #seriea.

3.3. Methods & Data processing

Analysis in the digital environment of Twitter (Ediger et al. -
im et al. et al.

The social media structure easily lends itself to SNA because it presents 
a network of three-dimensional relationships: 1) asymmetry between users 

-

three dimensions are related to the entire Twitter sphere.

agents, while the third is a semantic network because it allows you to map 

In addition, Twitter content is very short (each Tweet has a maximum of 

Analysis, a collection of search techniques that treat a word like a node in a 
network and a semantic relation (in terms of concordance) between words as 

decided to analyse the behaviour of twittersphere agents by analysing in par-
allel the social and semantic dimensions. In particular, four networks have 
been built between users of the twittersphere, two that exploit social ties 
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based, respectively, on Friends/Followers and Mentions, and two that take 
into consideration the semantic ties determined by the sharing of a shared 
word and hashtag. These networks can be analysed by exploiting the poten-
tial of multilayer networks.

-

Twitter discussion sphere.
For this reason, the data processing phase was organised according to two 

map their semantic and social relationships.
Through a script written with the Python programming language, a data 

frame composed of all the users who produced the content was extracted. 
Information was also extracted for: 1) the number of Followers for each 

-
lected was used to build an index capable of detecting a list of a thousand 

twittersphere.
The dataset was then further processed in order to extract four adjacency 

matrices using the opinion leaders as nodes and, respectively, friends, men-
tions, word sharing and hashtag sharing.

3.4. The Opinion Leaders

-

et al., 2013), 
-

graph theory with structural parameter (Nagamoti et al. et al., 
et al.

et al. et al.

a synthetic index was developed that is able to bring out the relevant social 
actors in the reference sphere of discussion.
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The choice of indicators to be examined is based in particular on the 
methodological proposals of Cha et al. 

et al.
Within Twittersphere, the number of followers of a user is absolutely re-

ductive and the risk exists of incurring the so-called Million Follower Falla-
et al., 2010).

In fact, the number of Followers cannot be considered as a value capa-

agents who have a certain number of Followers exclusively by virtue of their 
social role. Therefore, they do not really have an active audience. Several 
empirical studies have elaborated synthetic indexes which consider follower, 
retweets and mentions (Cha et al. -

et al.
-

implies the ability of each user to be involved in other conversations (Cha et 
al., 2010).

Starting from Cha’s work (Cha et al., 2010), an index has been struc-
tured here that takes into consideration for each user: the number of posts 

The indicators were subsequently normalised by heating them between 0 

(x) -min (x). The indicators were aggregated through the arithmetic mean.

3.5. Multiplex Network Analysis

et al., 
2014) which is a combination of individual networks coupled through links 
that connect each node in one network to itself in other networks. 

-

built directed weighted graphs for the networks based on the Tweet con-
tents and on the hashtags. For these latter networks, the weights measured 
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the lexical similarity or the similarity in the word or hashtag usage. In more 
detail, the weight of the link between any two opinion leaders was obtained 
by rescaling the number of words (or hashtags) in common (i.e., the similar 
content) by the product of the number of words (or hashtags) used by each 
of them (i.e., user lexical diversity). In this way, a weight equal to 0 indi-
cates that there are no words (hashtags) in common, while a weight equal 
to 1 indicates that the two opinion leaders use the same vocabulary (or the 
same set of hashtags). 

-
nits or communities consisting of highly interconnected nodes. To perform 
community detection on the multiplex structure, we adopted the generalised 

et al., 2010) which generalises the determination 
of community structure via quality functions to multi-slice networks that are 

For each slice s, the network structure is represented by adjacencies Aijs 
between nodes i and j
connected through interslice couplings Cjsr that connect node j in slice r 
to itself in slice s. The strength of each node individually is given by kis

jAijs in each slice and by gis rCisr
strength is kis Kis + gis.

The multi-slice generalisation of modularity is given by

where ms ikis is the total strength for slice s, 2 iskis and -
necker delta. 

-

-
rameter is incorporated in the elements of Cjsr which are assumed to take 

toolbox (Jeub et al.
-

tance of entities in the network based on the social links. In directed net-
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or output links. The idea of the hyperlink-induced topic search (HITS) ap-

to assign two scores to each node: a hub centrality, which takes into account 
the role of the node in sending links, and an authority centrality, measuring 
the capacity of the node to receive links. Following the same approach of 
eigenvector centrality, the importance as authority depends on the relevance 
of the hubs that send the incoming links and, vice versa, important hubs give 
more weight as authorities to the receiver nodes.

To assign hub and authority scores, we adopted the approach proposed by 

coupling centrality matrices that are associated with individual layers into a larg-
er supra-centrality matrix and studying its dominant eigenvector to obtain joint, 
marginal and conditional centralities. The computation of the supra-centrality 
matrix is based on the same coupling process described for the community de-

B(s)}, s T the set of centrality 
matrices for the slices of a multiplex and with C the interlayer adjacency matrix, 
the family of supra-centrality matrices , parameterised by the interlayer-cou-

, where  
and , with I the identity matrix and 

Given a supra-centrality matrix , the dominant eigenvector (i.e., the 
eigenvector associated to the largest eigenvalue) of  provides the hub 
scores, while the dominant eigenvector of  gives the authority scores. 
From this spectral decomposition, we obtained the joint centrality measures 
for each node in each layer. The sum of the centrality measures across layers 
gave the marginal centrality.

adapting the code developed by Taylor and available at https://github.com/
taylordr/Supracentrality.

4. Results

-

all the nodes of the graph. Through the mapping phase of the multilayers, the 

to the quality of the nodes that make them up.
Finally, we played the role of opinion leaders by extracting the values of 

Hub Centrality and Authority Centrality from multiplexes.
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4.1. Opinion Leaders

the social media Twitter.

 –
 –
 –
 –

 –
 – -

 –
 –

 –
 –
 –
 –
 –
 –
 –
 –
 –

categories.

very heterogeneous universe of users (Table 1).

by anti-immigration and anti-European hashtags.
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Tab. 1 – Opinion leaders

User Tweets
Activist
Journalist
News
Politician
User
Institution
Media

Public Figure
Sport
NEP
Association
Magazine
Political Party/Movement
Scientist
Satire

Total

-
cist and pro-European. Some of the leftist activists accompany their name 
with the #facemorete hashtag. It represents a Twitter network made up ex-
clusively of leftist activists.

Then there are “Journalists”: users who work for press bodies and news or 
-

-
azines (20 users). These are the user pages of rotogravure and in-depth in-
formation sources.

institutional positions or who use Twitter as a space for communication and 
political propaganda. Together with the group of politicians, there is the “Po-

parties and movements. 
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4.2. Network and Community detection

et 
al.

coloured according to the labels. The nodes of the network were weighted in 
relation to the popularity index shown in the Methods and Data processing 
paragraph. Finally, the clusters obtained through multiplex community de-
tection were represented in the various networks.

The friendship ties graph (Friends/Followers) is composed of 1,000 nodes 

dense in content (Fig. 3).
Cluster n. 3 (204 nodes) has many activists and politicians within it, in 

the clique there are several users with political ideas of the right populist, in-
cluding the two political representatives Matteo Salvini and Giorgia Meloni 

-

and radical left-wing activists.

Associations. In this cluster, the pages of the various ministries involved 
in the health emergency (Health, Economy, Defence, Education) and some 
Italian regions were found.

of entertainment and publishing plus sports and sports associations. In this 
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pages of the Fatto Quotidiano newspapers and journalist Marco Travaglio.

Fig. 3-4 – Social and Semantic Networks

-
ent orientations (447 knots). In this cluster, in fact, there are nodes belonging 
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-

-
-

posed of the ministries of health, education, economic development and are 

hand, has several elements in common with group 1 of the FF network, both 

community n. 4 is characterised by nodes belonging to the world of enter-
tainment and sport in analogy to group 4 of the FF network.

to the world of information. In fact, the most frequent nodes are labelled as 
News, Journalist and Magazine. 

Public Characters.
-

egories: Politicians, Political parties, Institutions, Media and Associations. In 
cluster n. 3 there are the News and Sport nodes.

In analogy with the Words network, the Hashtag network also consists 

Group 3 (424 knots) has a prevalence of knots labelled as Journalist, Institu-
tional, Media, Public Figures and Sport.

with a higher popularity index and contents that are admittedly close to the 
populist right.

4.3. Hub & Authorities

friends/followers and mentions, we derived the multiplex Hub and Author-
ity scores (Taylor et al.
nodes which point to many nodes of the type considered important. Author-

hubs are those which point to many good authorities and good authorities are 
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-
tion described in Section 4.1. 

belong to the Journalist, Media and Politician categories.

Tab. 2 – Distribution of Hubs & Authorities

Hubs Authorities
 1-50 50-100 1-50 50-100
Activist –
Association – – –

Institutional
Journalist
Magazine – – – –
Media
News

– – –
PN – – –
Political Party/Movement –
Politician
Public Figure – – –
satire – – –
Scientist – – –
Sport – – – –
User – –
Total

Journalist, Politician, Political Party/Movement and Institutional.
The analysis carried out shows that Journalist and Politician users are 

simultaneously both elements with a high degree of Hub Centrality and Au-

The agents with a high value exclusively of Authority Centrality are 

movements.
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us to draw some preliminary conclusions. First of all, taking into consider-

that there is a varied environment of polarised users, especially around press 
agencies and institutional users. In fact, they are the main producers of infor-
mation (Authorities in Table 2). This information is conveyed and commented 

and Journalistic communication is evident in the trend shown in Figure 1. The 

commentators. These groups appear to have a political polarisation function. 
In fact, another interesting aspect emerging from the analysis is represented 

from a political point of view. These communities are characterised by the 
sharing of a political agenda polarised on the right (cluster no. 3 Fig. 3) or on 

symbols (emoticons) that distinguish them politically. 

national contexts that have dealt with infodemics in the twittersphere. Some of 
them point out that, although the twittersphere is populated by disinformation 

-
gh et al., 2020). The same way results are presented in Pulido et al. (2020). In 
fact, even in our case study, the most retweeted contents have reliable sources.

With respect to future studies, it will be necessary to deepen the virulence 
of counter-information contents related to emerging conspiracy theories, as 
well as to analyse the role of social bots in communicating the health emer-
gency in the twittersphere in Italy.
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9. Testing historical theories with SNA.  
Structure and evolution of a credit network

* **

1. Introduction

network approaches to historical data, she highlighted the potential as well 
as the requirements for performing a real structural analysis of historical 
phenomena. The prevalence of structure over attributes of social relations, 
she suggested, was to become the key concept to guide future researches, 
and the organization of historical datasets was required to overpass a de-

of social network methods and history and inaugurated a new perspective 
-

-
searchers are committed to expand the boundaries of SNA applications to 

escape a simply descriptivist approach, however, social networks analysis 
of historical cases must contemplate an accurate observation of the ancient 
contexts and accomplish reputable theoretical assumptions and interpreta-

“the meaning of relations, come to be patterned on the basis of identities 
acting across networks” that structural approach can bring to light and plau-
sibly organize.

*

unitn.it.
**

unitn.it.
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Against the backdrop of this methodological scenario, this research 
work aims at investigating the structure of lending relations in a pre-mod-

-
sis concerning the social and economic mechanisms of early modern credit 

the lending activity of the merchant family and the implications of social 
-

groups involved in the credit network put in evidence, as well, the con-
nections between notarial and non-notarial credit circuits and their mutual 
functionality for the lending activity.

achieved considerable economic and social advancement in the eighteenth 

requirements of several types of borrowers – among them merchants, arti-
sans, professionals, clergymen, widows as well as noblemen and institutions.

-
ness and interpreting the relations among clients, patrons and other actors 
involved in the Salvadori’s lending activity. The primary data source was the 
family credit registry (loans’ ledger) which shows all the lending positions 

-

each of them were found information concerning the identity of the borrow-
er/s, length and amount of loans and interest rate, as well as mentions about 
warranties and negotiations, or repayment episodes. Moreover, if the loan 
was secured by a legal (notarized) document, the registry mentioned also the 
names of notaries, of the guarantees and other relevant actors involved in 
collateral activities related to the lending contract (such as payments transfer 
for petty personal expenses). To reconstruct the whole credit network of the 
Salvadori family we transcribed and recoded all the name citations that ap-
pear in the credit registry. We also supplemented the main source with other 
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from other local historical archives1. These sources were relevant for identi-

intensity of acquaintance, professions, residence and business connections 
with the Salvadori. Cross-information about all the cited persons allowed us 

exhaustive information that we could retrieve about these actors convince us 
that the Salvadori business case can stand out for testing economic history 
hypothesis portrayed by recent theories.

-
-

-
ent social classes, therefore, had diverse opportunity to access credit and 

-
ferred not to resort to notaries for their business transactions and when they 
could, they avoided spending time and money for the public registration of 
contracts (Gelderblom et al. -

et al.
presence of a pervasive “shadow” credit market that pivoted on notaries. 

-
man’s et al. thesis established that in early modern societies notaries acted 

creditworthiness, thus contributing to expansion of credit. Hence, notaries 
did not limit themselves to drawing up and keeping legal records of lending 

-
cess of money and helped overcome the problem of asymmetric information 
by providing the lenders with information on the borrowers and their collat-
erals. Extensive empirical studies carried on in early modern rural Germany 

notaries was functional to borrowers for coping with the script and con-
tents of the loan contract (guarantees, further agreements due to inheritance 

1 Archivio di Stato di Trento (State Archives in Trento), Archivio Salvadori (Salvadori 
Archives), vol. 734. The Salvadori business documents are conserved in the State Archives of 

use the old archival references.
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study focused on tracing all non-notarial and notarial transactions that reg-

main units of investigation are the lending positions recorded in the family 
ledger: each position is related to a main client (borrower) and to a variety 
of subjects involved in the transaction as either writer of the deed (notary), 

Accordingly, the data extracted from the Salvadori archive can be classi-

 – information about the borrowers and other actors (roles, type of relations 
to the Salvadori – e.g. kin, agents, partners and business correspondents, 

 – information about the lending positions and loans (amount, duration and 
type of credit, rates of interest).

-

-
2. In the coding process we 

decided to insert also a taxonomy of the subjects which could be useful for 
comparing roles (e.g. subject involved at the origins of the loan and those 
involved in the subsequent transactions such as payers and receivers of 
credit for Salvadori family), and organized the data for network structural 

-
ized and coded according to standards suitable for the analysis with spe-

x 206 matrices, with valued and binary data).
Table 1 reports the main characteristics of the actors registered inside 

the family ledger (by type/role in the transaction) and the frequency of 
citations for each type of actors3

actors involved directly in the transaction (borrowers, notaries and guaran-
tees), actors related to origins and developments of the loans, and actors in-

2 Attribute variables of the cited actors include: social class (3 classes + 1 for institutions), 
role in the lending relation (main borrower, guarantee, notary, person involved in renegotia-

of litigation about repayment.
3 Multiple citations and multiple lending positions were present in the original data.
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directly related nonetheless considered relevant by the ledger’s writer. For 
the majority of the actors was also possible to distinguish the social class, 
on the bases of their professions and other information retrieved from the 
local archives.

Type of subjects cited in the archive

Notary 63
Guarantee 16

Subject involved in the transaction (e.g. debt renegotiation/transfer)
33

Total of citations (multiple name citations) by Social Class
Social class of the cited actors and borrowers Cited actors Borrowers
Institutions 10 11
Upper class and nobles 37 42
Merchants, landowners, professionals
Artisans, petty traders or other 64

3. Approach and hypothesis formalization

unit of investigation: this means to analyse the characteristics of subjects in 

-
sis on two hypotheses: each one operationalizes assumptions concerning the 
historical development of early modern credit markets. The role of notaries, 
in particular, was investigated to support literature statements about their 
mediation role in providing access to credit for intermediate social classes.

Hp1. The lending business strategy of pre-modern merchants involved 
decisions based equally on social and economic conveniences. Creation and 

delimited by Salvadori’s class position and by their commercial activity 
(organization and control of associates). To analyse the outcomes of the 
Salvadori business strategy we investigated the subnetworks generated by 
non-notarial credit connections versus the subnetwork generated by notary 
credit connections.
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Hp2. Maintenance of the lending network in the local context required 
-

cial classes. The notary acted as referent/mediator and rule-guarantee for 

in opportunities to access credit for a larger segment of population, mainly 
belonging to middle-lower classes. To scrutinize the role of the notary we 

-
tioned in the transactions and evaluate the role of notaries in relation to their 
possible bridging position.

4. The lending network

4.1. Social composition

The linkages between the credit positions and the identity of the cited 
persons in the archive allow us to reconstruct the complete credit network 
of the Salvadori family, which was constituted of 206 actors. Some of these 

transaction. A more detailed distribution of actors (Table 2a), shows us that 
while merchants and people from lower classes where among the most fre-

borrowers from the higher classes (nobles and patricians) and to merchants 

contracts commonly were arranged as peer-to-peer settlements, members of 

As one of the most important conditions was personal trust and reputa-

the intensity of their relations with the Salvadori family (Table 2a). Priority 
in intensity of relations (strong) was given to established business partners, 
commercial agents and extended family members (bonding relations). The 
other borrowers were listed according to their intensity of relations with the 
Salvadori based on frequency of business contacts with the Salvadori (e.g. 
renegotiation and successful closure of several credits). Social class and in-
tensity of relations (strong/middle/weak social proximity) were then used for 
the testing procedures discussed in next sections.
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proximity with the Salvadori family

a) N. of citations 
in the ledger

Institutions Noble class and 
patricians

Merchants and 
professionals

Lower classes

1 6 20 30
2 6 13
3 3 3
4 4 2

4 1
6 and more 1 3
Actors 10 63

11 42 64
b) Social proximity (intensity)
Strong 3
Middle 21
Weak 26 7 40

The Salvadori made scant recourse to intermediaries for loans granted to 
members of the same class or to noble and patrician families which belonged 

deriving either by kin or regular contacts – as in the case of business corre-
-
-

vened much more frequently when loans were granted to the lower class, and 
only in very few cases member of this class could count on trust derived from 
intensity of contacts. This highlights that the Salvadoris’ lending activity can 
be properly understood only within the framework of the overall economic 
and social strategies of the family.

Tab. 3 – Notarial and non-notarial loans for borrowers’ social class

Institutions Noble class and 
patricians

Merchants and 
professionals

Lower classes

Non-notarial loans 34 33 22
Notarial loans 6 2 42

11 42 64

to weak relations
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4.2. Financial activity

Analysis of the loan ledger tells us that the Salvadori were dedicated to 
large loans. At a time when specialized banking had still to take root, the 
Salvadori belonged to the restricted group of wealthy merchant families 

local charitable and assistance institutions, which applied the same interest 
-

were actually private transactions in the form of a simple person to person 
-

tion (46 positions), which usually involved one or two persons together 
with the borrower. They were also generally larger than notarial ones, the 
higher average of which was only due to investments (equity and depos-
it) in a company promoted by the urban government, which was included 
among institutions4.

Fig. 1 – Loans outstanding: number and value (1747-1786)

4 In two cases, deposits represented actually an investment of risk capital in limited part-

-
inent merchants.
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even several decades and credit positions were frequently rolled over, as 
-

were to last up until 2 years, but less than 30 percent expired within that 
date. The planned and actual duration were both higher for notarial loans 
compared to non-notarial ones, but in both cases the maximum length rare-

Finally, the interest rates. In the eighteenth century usury restrictions took 
the form of an interest ceiling that was determined by local authorities. In the 

the type of contract and the parties involved. The Salvadori family, however, 
granted only few loans at 6 per cent (the higher rate), and these exclusively 

percent or less for some loans granted to relatives, or loans deriving from 
et al. 

(2000), that the lender’s “decision to make a loan may […] depend less on 
interest rates than on personal information about borrowers and extra-market 
relationships with them”.

Tab. 4 – Loans’ duration by type and amount

Loans Planned duration Actual duration
N Av. Std.D Av. Std.D Av. Std.D

Not-notarial loans
2.0 1,7 10.4

Notarial loans
3.3 12.4 2,746

Total 2.6 11.2 2,112

4.3. Structural analysis

The analysis of the credit network focuses on its structural features, di-
mensions and type of components, centrality and connectivity related to the 
presence of multiple links among actors, and scrutinizes the eventual pres-
ence of overlapping sub-networks.

The two-mode network of the actors by loans relations (Figure 2 for 
degree distributions for the actors) is characterized by a density overall of 
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and actors interconnected) . This is congruent with the fact that a large part 
of loans was granted directly to individuals (44) with no other’s presence 
(no notary or co-borrower). When loans involved multiple borrowers, they 
resulted from complex credit contracts (such as those linked to inheritances) 
or were renegotiated and sold to other lenders. Some actors, however, were 
involved directly and indirectly in multiple loans and hence mentioned sev-

Fig. 2 – Degree distribution for actors and loans

The visualization of the whole Salvadori credit network (Fig. 3) puts fur-
ther in evidence the presence of several separate credit operations carried on 

social or business relation with the Salvadori business partners or other cli-
ents6. These transactions, moreover, usually did not involve large amounts of 

-
tract involved established commercial partners and extended family mem-
bers. We can thus presume that the social relations involved in these loans 
had no special role for the dynamics of the lending activity.

6
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Instead, at the centre of the whole network is positioned a large group 
of loans characterized by larger amount of money and high occurrence 
of links between the borrowers and the other actors. This group of loans 
represents the major part of the Salvadori moneylending activity, related 
to important commercial transactions, involving family members and busi-

roles in the transactions, to evaluate the interconnectedness of the relations 

-

the Salvadori family.

Fig. 3 – The credit network of the Salvadori family7

7 Graphic of the 2-mode network. Squares (sized by amount) represent loans and circles 

institutions. Dashed lines are notarial connections.
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5. Testing the hypothesis on the lending network

5.1. Strategic organization of lending activity (Hp.1)

-
ment of the credits we created two separate sub-networks that contain re-
spectively: a) the relations directly and indirectly produced by cross-refer-
ences dealing only with non-notarial contracts between Salvadori and their 

-
ences dealing only with notary acts signed by the borrowers.

we assume that the notary played a bridging role eminently for the lower 
classes and small entrepreneurs and only in limited cases (large investments) 

rest of the credit positions (approximately two thirds of the lending activi-

business correspondents, as well as to borrowers belonging to middle and 
upper classes. 

Tab. 5 – Structural measures for type of subnetworks
Notarial loans Non-notarial loans

Nodes 206 206
Ties

Density 0.014
Centralization (D) 0.074 0.070
N components
Fragmentation
Closure 0.631 0.710
Network Transitivity 0.221

4,320

The analysis of two distinguished subnetworks resulting from the selec-
-

anisms at the bases of credit markets and their referral mechanism (White, 
2002). Connections deriving from notarial documents and legal procedures 
(inheritances, land and property investments) tend to create closed circuit of 
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concurrent roles (notaries are related to other notaries, guarantees to other 
guarantees): when reproduced through time this generative mechanism cre-
ates a series of recurrent links among some of the actors (revealed by higher 
density but lower transitivity indexes in the sub-network of notarized loans). 

-
ented relations are based on substitutive chain mechanisms (as business part-
ners may change according to the nature of the deal) and tend to generate a 
structure with a more linear shape (indexes of this sub-network display in 
fact lower average degree and distance). Commercial credit transactions also 
rely on mediators that can play multiplex roles in a network and relate credit 

Haggerty, 2013). The presence of notaries was thus important in supporting 

conveniences.
Concluding, both generative mechanisms combined to produce the com-

also facilitated by bridging partners with a strong centrality position in the 
. Sub-

5.2. The mediation role of the notary (Hp.2)

According to the hypothesis that notaries distinct public role endorsed 
access to credit for emergent social classes, our analysis in this paragraph 
consists in a quantitative assessment of the role of notaries in the structure of 
the Salvadori lending network.

First, to analyse the contribution of notaries on the structure of the lend-
ing business network, we perform an analysis of sub-networks extracted 
from the complete lending network. As illustrated before, loans associated to 
a notary document tend to be overrepresented in the main component of the 

-
ly related to larger credit amounts. Therefore, to test the hypothesis of the 

 Analysis performed on individual nodes (1-mode network projections) showed that nota-
ries tend to score the highest values for several centrality measures (degree, betweenness and 
2-local eigenvector centrality), together with business agents of the Salvadori and few patricians.
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forms of credit situations in the Salvadori registry that involved an increas-

We thus compared (Table 6) the structural characteristics (overall density 
and other measures of cohesion) for the sub-networks generated by two types 
of relations: a) links among the borrowers and all the other actors, including 
those actors indirectly related to the transactions (receivers of credit from 

that are directly related to the credit document (only borrowers, notaries and 
guarantees). To control for the hypothesis of bridging we also computed the 
structural values for the whole network without the actors with a notary role 
(Control Case).

opposite side, the presence of both direct and indirect relations produces a 
sub-network (A) characterized by less components and higher centrality and 
closure, hence a context where actors interrelate and associate among them.

-
-

eral people – acting as guarantors, sellers or buyers of receivables, payers 
on behalf of the original borrower, partners of the borrowing company, and 
so on – played a role in the functioning of the credit market by channelling 
information and facilitating contacts with other actors.

Tab. 6 – Comparison between networks (hypothesis on the role of the notary)10

Network A Network B Network C
Direct and indirect 

relations
Only direct relations 

with the contract
Control case

Nodes 206 206 206

Centralization (D) 0,142 0,061 0,074
N components
Fragmentation
Closure 0,631
Average Distance 4,320

activity we compare the control case (a sub-network without notaries) with 
sub-network A. Substantive variations for the average degree, as well as for 

10
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closure and fragmentation indexes between the two sub-networks testify that 
notaries may have contributed to link actors other than borrowers (as the 
average distance increases in the control network), and to crossing social 
class boundaries, especially when property and inheritance transactions were 
involved.

Second, to evaluate the role of notaries in bridging among social circles 

incorporated in a notary manuscript, which frequently includes supplemen-
tary information about the transaction (borrowers’ assets, his/her family sit-
uation and other legal relevant information). The ultimate reason to provide 

social class and reputation from social proximity. This is supported by the 
fact that in our data notarized loans are concomitant more with transactions 
involving actors that are considered less trustful or have no previous com-
mercial experience with the Salvadori.

-
ciative patterns among actors) we consider the density of relations among ho-
mogenous groups of actors11. Groups are constituted by subjects that share the 
same level of intensity of relations with the Salvadori (strong/middle/weak so-
cial proximity). Then, to evaluate the economic function of notarized contracts 
we compare the density of relations that are present in the two previous subnet-

guarantees, payers/receivers of credit and the notary). This sub-network – de-

ledger’s transcription habits) than the complete network – here inserted for 
completion – and may suit better for testing our hypothesis (Table 7). 

The density value previously calculated for the complete network (all 
types of contracts) shows that among actors with intense social proximity to 
the Salvadori – either by familiarity, patronage, or business linkages – there 

low or middle intensity of relations with the lenders show a lower internal 
density (0.022 and 0.012).

Since the internal cohesion of each group is also related to the type of 
links among actors (sub-network of contracts and subnetwork of notarized 
loans), comparison of group density for network T, created by the removal of 
“additional” linkages improves our argument. Results show that actors with 

11 Institutions were not included in this part of the structural analysis.
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a strong social proximity with the Salvadori are associated to credit circuits 
regardless of the form of contract that was issued for lending (Table 7a). 

reputation were associated more frequently to notarized transactions12. To 
understand how social proximity is related to loan types (private agreement/ 
contract vs notarized loan), we additionally computed the values of the den-

actors sharing high social proximity with the Salvadori, and less obvious for 
those actors having a middle intensity of relations.

Tab. 7 – Comparison between networks (group density by intensity of relations)
Weak Middle Strong

a) Social proximity
Contract
Notarized loans 0,013 0,007
Network T 0,014
Complete network 0,022 0,012
b) Social proximity with control for social classes
Contract 0,012 0,007 0,014
Notarized loans 0,013
Network T 0,020
Complete Network 0,023 0,013 0,032

supplementary details. Social class of the borrowers had ultimately an im-
-

creased the divide among those who did not require documented credentials 
to access loans (actors with middle and higher proximity) and those neces-
sitating of the notary intermediation. Nevertheless, the Salvadori were judi-

proximity an important requirement to stipulate secure credit transactions 
(Hypothesis 1). The presence of notaries – presence not necessarily related to 
the legal act – enhanced also traditional exchanges, usually stipulated among 

12 As the Salvadori ledger entries testify, notary loans were also a form of “social creden-
tials” that were used in the lending market to support the borrowers, as well as to re-negotiate 
the credit in the following years.
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subjects belonging to a similar social milieu, and hence based strictly on 
professional reputation and assets. As locally based professionals, notaries 
proved particularly crucial in establishing connections among their clients of 

well as its economic accomplishment (Hypothesis 2)13.

6. Final comments

Which factors drove a lender to resort to a notarized loan? In the early 
modern economy this decision was determined mostly by the lender’s char-

membership in the same social group was a priority factor that enhanced 
trust between the lender and the borrower and private dealings were the usual 

hand, the higher the uncertainty and the lower the trustworthiness of the 
counterparty, the higher the incentive to register with a notary. And even 
if according to social conventions of the time it was not mandatory to hold 
lending contracts with a notary act, notaries established a framework for 

-
hanced traditional exchanges, usually stipulated among subjects belonging 
to a similar social milieu.

From this standpoint, our intent to show how Social Network Analysis 

more frequently arranged among customary business partners or trustful cli-

-
stitute supplementary references about their assets (ex. inheritance of land 
properties, investment plans) and economic reputation. 

of Trento, where our case is situated, strategic organization of lending re-
quired an accurate selection of patrons (nobles and patricians), institutional 

13
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representatives and prominent commercial partners, as well as arm-length 
trading with lower classes and artisans that could enhance and provide sta-
bility to the main commercial business. Focus on the local context is not 
secondary to our results: as previous research has documented, explana-
tions of credit business circuits rely also on the sources of information 

-

the hypothesis concerning strategic organization of the lending activity and 
the mediation role of notaries show in fact that new historical documenta-
tion can lead to original perspectives of the borrower-lender relation. Fam-
ily archives and small case studies, such as litigation records, despite being 
more fragmentary and circumscribed to local economies, may in this sense 
provide a novel source for testing determined hypotesis via direct historical 
sources.
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10. Innovative welfare networks.  
Ego-network analysis of innovative startups 
“with social vocation” (SIaVS) 
in Piemonte and Campania
by Massimo Del Forno*, Marco Di Gregorio**

1. The Network Europe and the challenge for social impact

The background for this paper is the social impact measurement chal-
lenge, conceived in the European Union as leverage to involve and steer 
the private sector in addressing the welfare crisis. We focus on a particular 
Italian initiative concerning the building of an innovative welfare network 
around a new kind of “social” enterprise, the innovative startup with a social 
vocation -
cess of institution-building to apply the requirement of social impact meas-
urement on private companies, according to the principle of subsidiarity. We 
call “the norm of social impact” the set of ideas, methods, and practices 
which regulate the activities of social impact-driven enterprises. Despite a 

debate about the social impact measurement otherwise is increasingly in the 
spotlight while the norm of social impact is being extended to other kinds of 

some factors which favor or hinder the building of innovative welfare net-
works “from below” and the assumption of shared responsibilities among 
the actors of welfare policies. This paper was conceived as an early step in a 

perceive themselves in their networks and whether and how they relate with 
-

The essay was designed by both authors. Massimo Del Forno edited §§ 1, 2. Marco di 
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ticular context of Italy also requires taking into account regional disparities 
and the structural gap between the North and the South. 

Since this is an ongoing process, it is not possible to control any hypothe-
ses of change. Nevertheless, making use of ego-network analysis in a quali-
tative approach to social research, we can check if there are some conditions 
for a change in the way of social impact-driven startuppers interpreter sub-

which the issues of subsidiarity and social impact measurement lie that is the 
constituent process of the European Union and its rapid changes.

wind of economic globalization, a new vision of smart and mobile Europe is 
-

born. It is “a networked polity able to stake its claim in a networked and glo-

a simple reaction to economic globalization but its most advanced expres-
sion. Network Europe and economic globalization share the same strategic 
objectives: the wellbeing culture, the globalization of markets, and advanced 
communication (Castells, 2000b). The network metaphor made any inter-
governmental hypothesis inadequate, forcing Europe to renounce to become 
a new superpower or an extra-large nation and to pursue the experiment for 
the stateless government, working for agreements time and time again (Gid-
dens, 2007). According to these assumptions, it is necessary to overcome 
the formal constitution of binding laws and norms, and re- thinking Europe 
as a polycentric structure, driven by a group of inter pares, with the aim 
of ensuring the economic and social cohesion of the Member States of the 
European Union. Any center is a node in a competition-oriented space econ-
omy 
This idea of Europe was methodically implemented using both the principle 
of subsidiarity (vertical and horizontal) and the new digital knowledge and 
technologies in order to stimulate the creation of a system of long networks 
connected with proximity networks. At the level of practices, these chang-
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es were associated with the order-word “evaluation”. Meritocratic rules and 
procedures are established along with the development of many indicators 
to assess the performance of public policies and business operations to drive 
fundings across Europe. New organizations are needed to manage assess-

For a well-known rule that does not seem to admit exceptions, the empha-
-

ness). Primarily, the problems of the Network Europe emerged in the welfare 
-

rope “the most competitive and dynamic knowledge-based economy in the 
world, capable of sustainable economic growth with more and better jobs and 

increase in health and welfare costs, rising unemployment, and the widening 
of the gap between rich and poor. These problems become cross-cutting in 

-
graphic change, and the awareness of “global risks”. Europeans agreed that 
in the balance between the economy and society, more weight should be lent 
to the social. Investments, therefore, must be bound to the evaluation of both 
programs and projects, to the point of making it mandatory to measure their 
economic and social impact on the territories.

-
terprise’s world by dictating new rules and procedures to participate and 
access funds. Inspired by the themes of social economy, from one hand, 
and by the venture philanthropy, from the other, these new guidelines bind 
enterprises and investors to precise commitments: 1) undertaking to general 

being meritocratic. Founds and 
incentives must reward virtuous and deserving enterprises that build evi-
dence of added-value production. At the end of the value chain, the “social 
impact” shall address social inclusion, wellbeing, and sustainable develop-
ment. Social responsibility and accountability concern both the economic 

however, should not be misleading as it does not require any radical change 
in the economic order.

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603



204

In broad outline, the issue of social impact in Europe has been developed in 
the mainstream political-economic vision and addressed to the new frontiers of 

impact investing, through the innovations brought 
by the venture philanthropy and philanthrocapitalism

bottom lines have been added, the concept of “impact” remains a variable de-

guiding idea is the social and environmental crisis must not slow down the eco-
nomic development, but on the contrary, risks and welfare problems must be 
seen as opportunities for stimulating entrepreneurship and doing business, with 
the support of the state, the international and local public authorities, the phi-

which from the political point of view originates in the Third Way, the notion 
of social impact, rather than guaranteeing the centrality of people’s well-being 
and health in the policy making, appears as an of the system 
centered on capital. In this process, public authorities and business organiza-
tions strictly preserve their respective spheres of competences, according to the 
vertical dimension of the principle of subsidiarity. However, this process seems 
to leave out the organized civil society, which is called at most as a residual 
function (precisely as Third Sector) to intervene in the spaces left uncovered 
by the State and the Market or to deal with their failures1. For this very reason, 
the emerging paradigm of Civil Economy assumes absolute importance to us. 
While the mainstream Political Economy faces welfare problems by classical 
focusing on the delegation of authority and responsibility to maximize the ef-

-
omy works for the evolution of the idea of welfare towards the civil welfare 

circular subsidiarity. According to this prin-
ciple, public authorities, market and business community organizations, and 
the organized civil society must share resources and responsibilities to address 

1 Neoliberal thinking looks to the civil society organizations as a safety net to ensure min-
imum levels of social services to the fragile people otherwise left behind by the dismantling 

impact investing, 

demands that impact investments should be directed precisely to undercapitalized areas where 

market, the proposals of civil society risk going unheeded, unless social impact orientation 
also means public participation in social planning and decisions on matters of general interest.
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functions of authority, economic rationality, and sociality give rise co-program-

have great transformative potential by its ability to create complex networks 
and circular links between people. To Civil economists, social impact means 
to bring change in the people’s life by “civilizing” the market economy, while 
social impact assessment and measurement should be the leverage “to put the 
economy at the service of people” rather than the other way round, which trans-
lates into putting the people at the center of the “civil enterprises” activities.

1.4. Italy and the challenge of the social impact

-

the company name in exchange for their commitment to measuring the social 
impact generated. Having been a part of discussion panels set up by the gov-
ernment, Civil economists had a key role in the development of the norm of 
social impact in Italy. Nevertheless, due to the historical circumstances and 

present many inconsistencies and unclear points. For the purpose of our re-
search, this situation is very interesting because it leaves ample room for 
subjective interpretations for “social impact objectives” and the role of the 
enterprises in the innovative welfare network.

hybrid 
status:
 –

 – they must work in the “general interest” sector, as well as third sector 

 – they must measure and report the social impact.

channels, training, and support by incubators and accelerators. Moreover, the 

requirements and makes them privileged interlocutors in the network. Thus, 

measurement of social impact is enriched with new elements, rules, and priz-

technical notions, but it is also a political space in which charismatic visions 
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-
lationships. If the Civil Economy perspective on social impact prevails, we 
expect social impact-oriented startuppers to represent their networks as a 

-
tional levels, where they share responsibilities, resources, projects, and activ-
ities for the well-being of persons on the territory. 

The register of companies shows 302 startups with “social vocation” 
from 1st

2.

Fig. 1 – Distribution of SIaVS (on the left) and CIs (on the right) by region. Based on 

that hosts incubators in Southern Italy is Campania. Campania immediately 

2 -
th
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-

The largest of the 10 components in the Italian network includes about 

betweenness 
centrality3. The comparison between Piemonte and Campania highlights 
how the companies from Piemonte are more active, more cohesive, and more 
central in the Italian network. 

Nodes size is proportional to the betweenness centrality. Ties indicate the presence of at least 
one of these conditions: we found evidence of a formal relationship on the website or in of-

statement or in the register of companies. The two smaller boxes on the right highlight nodes 
from Piemonte (above) and Campania (below)

The structure of the ties between regions is an interesting issue because of 
-

services and resources for the growth of startups, networking with public and 
private institutions. In Fig. 3, nodes are the Italian regions, the weight and 

CIs in other regions.

3 It is Socialfare, specialized incubator for social enterprises and important node of the 
Torino Social Impact’s network. 

Milano (13 vs 12).
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The graph highlights the profound inequalities between areas of the coun-

-

counted on two hands.

Fig. 3 – Mobility of SIaVSs between Italian regions. Nodes are the regions

terms are small. The case of Piemonte stands out for the higher proportion 

of its CIs measured with the in-strength of ties4. This situation could be ex-
plained by the presence of a shared plan in a network of organizations called 
“Torino Social Impact” to make the city of Turin the European capital of 
social impact. The phenomenon should be observed over time to understand 

social impact-oriented societies, 
attracting funds, promoting virtuous relationships, and driving social change. 
All of this noticeably is lacking in the South.

4 
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We conducted in-depth interviews with startuppers “with social vocation” 
to bring out the strategies they activate in their ecosystem and reconstruct 

qualitative approach where the interviewee’s words become network narra-
tives which “provide an account of events and experiences and the ways in 
which they are connected together from an actor’s point of view” (Crossley 
et al.
perceptions: 
 –

 – how they position themselves with respect to organizations and institu-

 –
In other words, we wish to check if there were conditions for a change in 

the welfare system from the vertical and horizontal to the circular subsidiarity.
We stimulated the startuppers to reconstruct their relationships with rel-

evant alters such as supporters, trainers, partners in social impact activities, 

concerning issues of social impact and social innovation, and/or a particular 
charisma. We used an open-ended approach, leaving them free to indicate 
how many names they prefer.

This approach “has the advantage of allowing the researcher an opportu-
nity to derive a better sense of ego’s network size and may also reach further 
into ego’s network, beyond their immediate circle and towards weaker ties” 
(Crossley et al. -

The depth of the analysis depends above all on the interviewee’s willingness 
-

ers (the vast majority) are more talkative. The interviewer’s skill is about 

biases related to self-promotion and social desirability. The interview guide 

 – the strong ties of ego, which are ties with those organizations or people 
without whom the startup would not have existed or, otherwise, would 

 – the problematic relationships, due to either the negative judgment of ego 
against alter or to the interviewee’s perception of any prejudices of alter 
towards ego.

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603



211

We have chosen not to indicate the direction of ties because of the pecu-
egos and alters

with new content to build new opportunities. Furthermore, it could be that 
the entrepreneur’s social vocation is associated with a preference for person-
al rather than institutional relationships. From the quote of an interview, it is 
clear that this also depends on the size of the company “compared to when I 
was a manager in a large company, now I can be closer to people, in a more 
concrete way”. As with ego-alter ties, also with alter-alter ties, we are inter-
ested in detecting whether the interviewee represents, in his/her mental ho-
rizon, relationships in which he/she feels involved in pursuing social impact 
objectives. It may be that existing alter-alter relationships are not detected, 
either because they are considered irrelevant or because the interviewee is 
unaware of them . However, we are not interested in the “objective” structure 
of the network. We want to know which place the startupper assigns to the 

In the graphs, nodes are anonymous because we want to relate some at-
tributes of the organizations and people involved in the network and not to 
reveal their identity. Anonymity also allows us to respect the interviewees’ 

We featured nodes by geographical location and by type of organization or 

-
quired, are shown on the node label.

Fig. 4 – Geo-location of nodes

The other relevant characteristic of nodes is their attribution to one of 
the three institutional spheres, namely the public authority (PA), the busi-

 If we had adopted a name generator in an orthodox way, we would certainly have ob-
tained denser networks, but at the cost of forcing the interviewee mind towards an excessive 
consideration of formal ties.
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ness community organized civil society (CS). The conceptual 
structure that allows us to attribute all the nodes to one of these three spheres 
is itself a result of the research, which will be discussed elsewhere. In the 

line of the conceptual structure. The complexity of the attribution derives 
from the hybrid nature of many of the organizations in the networks. How 

from the alliance between foundations of banking origin and the world of the 
-

this case by considering the civilian vocation of the institution as a priority, 

but the generation of positive social impacts. We have chosen these catego-
ries of analysis because it seems suitable for the current change, also due to 
the reform process that Italy has started in responding to the European chal-
lenge for measuring social impact. These changes are throwing into crisis 

organization of social utility) and, more generally, the distinction between 

a dashed ellipse for CS.

In this essay, we focus on a few interviews which seem interesting to us 
-

pania and Piemonte, and for the issues emerging from network narratives.
C01 was born on the basis of the experiences of a small voluntary associ-

ation founded by the interviewee with other companions of a master’s degree 

policies (“mentor” and “teacher”) allowed the original idea to mature in a 
business project with a social vocation.

The startup was immediately acquired by a banking foundation and a 

with the circular subsidiarity. C01 has never followed CIs acceleration paths, 
but it was at the center of a network involving incubators, accelerators and 
foundations from Campania and other regions. Despite the good results, the 
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stopped abruptly due to internal problems of the banking foundation. The 
interviewee interprets the closure of the company more as a missed opportu-
nity for the whole local system rather than as a personal failure.

Tab. 2 – General information about the selected cases and relative ego-networks

Cases Region Interviewed Sector Size Density Components 
without ego

Homophily

C01 Campania GM ICT 22 org + 7 
persons

.13 4 + 7 isolates  
 

C02 Campania  
social impact 
manager

ICT
persons

.14 3 +  
7 isolates

 
 
 

P01 Piemonte Education 16 org + 2 
persons

.21 2 +  
 

P02 Piemonte  
media manager

Non-residential 
social assistance

23 org + 1 
person

.20 2 + 
2 isolates

 
 

Fig. 5 – Network of C01

C02 is an early-stage startup run by men and women under 40. The start-
-

Third Sector as a professional and as a volunteer, one is a freelance expert in 
innovative technologies, one is a “nerd” engaged in civic participation, the 
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and returned to his homeland in Campania to realize himself and his social 
vocation. C2 startuppers report no “strong ties” with alters. To the question 

-
plied promptly: “Yes, in primis out of our own pocket. Then we won some 
national prizes and competitions dedicated to social innovation”.

Fig. 6 – Network of C02

P01 is a predominantly female startup founded by entrepreneurs with a 
-

fessions to devote themselves to their social vocation. The interviewee tells 

the family and in voluntary associations which pushed her to her previous 
job “and all the related comforts”. P01 has a strong tie with a multinational 
company that owns the patent. They have undertaken to spread their activi-
ties both by promoting the birth of new startups and sharing the project with 
voluntary associations all over Italy.

-
ciation and a local banking foundation which decides to invest in the ideas of 
some young people for the development of the territory. P02 is immediately 
following acceleration paths with a CI specialized in social impact projects. 
While having some success, they do not feel very comfortable in the world of 

voluntary paths that bind them in a rather tight way to the world of the Third 

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603



215

from the Third Sector. And I think our startup is still from the Third Sector. It 

Fig. 7 – Network of P01

Fig. 8 – Network of P02
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one-to-one relationships. Dropped ego, the nets are divided into 3 or 4 com-
ponents and 7 isolated nodes. In both cases, the larger component holds onto 
a cut point that is a single person, not an organization. For C01 he is the 

a social innovation expert who is very active on the topics of social coopera-
tion and social impact throughout Italy. The same person was nominated by 

involved. In the case of P02, they are large association networks and interna-
tional movements in which wide-ranging public issues are debated, for P01, 

with the network of banking foundations and incubators. Two shared themes 
emerge strongly from the interviews and leave visible traces in the ego-net-

, the other is the hybrid nature
which places startuppers in the complicated role of mediator between PA, BC 
and CS, each sphere with its own language and practices.

Southern startuppers perceive a profound inequality of opportunity be-

they are almost all in the North”. C02 said: “here there are no big companies 
and big foundations capable of supporting innovation and startups”. We have 
seen that in the south there is also a lack of CIs that favor the meeting be-

incubation ties with Northern CIs, have engaged relationships with some of 
them: “in Turin and Milan we met business accelerators specialized in social 
issues. There, we saw a whole network that based its development model 
precisely on the social impact” (C02). 

does not feel supported at all by foundations and accelerators. She says that 
her business partners in Campania have some advantages: “there are so many 
fundings dedicated to our business sector in Southern Italy. Here in the North 
there is an endemic lack of funds”. Many of the alters from P01 network are 

I don’t know of any local networks dealing with social impact. Maybe the 
Turin Chamber of Commerce, but they are all networks where you must be 

-

have left us totally alone”.
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P02 knows this network and has a rather critical opinion on it: “In Turin, 
fascinating things are moving on social innovation. It’s okay if public au-
thorities wonder about some social issues by dialoguing with other realities. 
However, they are not paths taken with the genuine will to be around a table. 
They are still not facilitating processes to discuss which direction to give to 
change by listening to everyone’s voice”. The criticism of the PA is common 
to all interviewees, who complain about the lack of long-term vision. “The 

only from an economic point of view, but also from a policy sensitive to 
certain issues. The social impact challenge lies precisely in creating opportu-
nities in the territories” (C01). It is, therefore, not a mere lack of funds.

The problem is how to direct public and private resources to general 
interest objectives in the most appropriate way: “although many econom-
ic resources reward companies from the South (because everyone is con-
cerned about southern Italy not growing), in the end, you are not supported in 
growth towards innovation and social impact” (C02). Southern interviewees 
blame the “cultural imprint of southern Italy”, primarily the permanence of 
personalities in dealing with the public administration: “often the interaction 
with the public sector is still mediated by relationships of direct acquaint-
ance. This situation also hinders our interaction with social workers on the 
territory. In Milan, instead, the dialogue with the PA is promoted by foun-
dations that help startups to grow, companies are increasingly open to the 

way. There is a continuous breath of interaction that is unfortunately lacking 
in Southern Italy. If we have to improve something, this is precisely network-
ing” (C02). The criticism of C02 towards the PA is found in the graph by the 
dashed ties (Fig. 6).

“is not helpful until things change at bureaucratic level. If the municipality 
-

in many of the calls dedicated to social policies” (P02). “A public body is 
-

impact-oriented” (C02). P01 often choose to work with voluntary associ-
ations, renouncing the possibility of economic feedback for their commit-

-
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this spirit of bringing innovation and growth in society, but our commitment 

Dialogue with CS is also often complicated. Again, Campania startuppers 
consider it a local problem. “In Milan there is a good feeling, while with the 

(C02). The social impact manager of C02 assumes: “perhaps, it’s because of 

-
tact them to exploit their knowledge. I think not many people here know the 

clique with the association from which it was born and a dense “network of 
network” of national and international associations. They too report that when 

an extreme distrust. We perceive an unwillingness to dialogue with ‘strange 

social impact investing: “it’s winking, it’s interesting […] something new is 

Money is powerful, pressures are strong and there is a high risk of leaving 
behind your social vision”. Their hope is that the issue of social impact could 
be “a brake on certain dynamics, a tool of control and surveillance to not 
lose your values”. For this purpose, circular relationships should be activated, 
involving the three institutional spheres and putting the person at the center, 
respecting the diversity of opinions and visions: “we believe that the process-
es of change, of collective learning, must be slow and participatory. I believe 
it. There is a beautiful world that is moving from below. In my opinion, social 
impact is a good engine, but processes take time. We have to network and 

-
nects several operators and interacts with institutions. Networking could be 

are well aware that to generate social impact, understood as a radical change 
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-
versal change should be declined, starting from the institutions, precisely to 
re-evaluate the way we act in the social. A good idea can stimulate and make 
people participate. It’s from below that change can happen, but the institu-
tions must do their part. There are beautiful ideas and a lot of commitment on 
the part of small businesses, precisely because it is hard to build something 
here. It is a pity that there is no vision by the institutions, above all: I mean by 
the regional administrations, the municipalities, the foundations”.

Comparing the structure of the four ego-networks shows us that those from 
Piemonte are denser. Dropper ego and alters who are not organizations, the nets 
from Campania do not have cliques made up of more than three nodes. P01 

They hope to make it grow over time, but they perceive that they do not have 
any support from the institutions. P02 is within dense CS networks thanks to 

-

two worlds, blaming the poor support from the PA. C01 had started in an ideal 
condition for circular subsidiarity, in a collaborative network between organi-
zations of the three spheres, but problems internal to the main stakeholder led 
to early closure. The interviewee says: “now the network is frozen, but it would 

CS throughout Italy. They feel tough to mediate between these networks and 
local institutions, therefore building their own development space, yet they are 
working toward this impact goal looking for new opportunities.

is thematic. Following some interesting suggestions from the recent Italian lit-
et al. -

ed the analysis of the innovative welfare networks to the issue of the change 
in the guiding idea of subsidiarity toward the circular subsidiarity. We adopt 
these categories to study a particular (and quite neglected) kind of innovative 

contribution is methodological. We adopt the ego-centric approach to social 
network analysis in support of the interpretative sociology and the qualitative 
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approach to social research. We drew our graphs as network narratives (Cross-
ley et al.
drawn from the hermeneutic interviews with the startuppers “with a social vo-

-

between the structure of social bonds based on circular subsidiarity and that of 
-

provements to be made. There is the need to include the temporal dimension, 
-

(as we are doing) and to other kinds of social impact-oriented businesses (and 
non) to enable comparisons on a rigorous basis and with adequate techniques.

The mainly qualitative approach and the number of cases presented here 
do not allow us to make any generalization about the possibility of social 
change related to the development of innovative welfare networks. However, 
the research highlights some factors which may favor or hinder the orienta-
tion of startuppers toward the circularity of social bonds.

Interviews and graphs give us a general picture of cultural resistance to 
the desired changes both from the perspective of the Civil Economy and from 
the perspective of the innovative welfare network promoted at the European 
level. If it is true that, as it seems in the early observations, the nodes that pop-

-
ture of ties among organizations of the same type, we should admit the persis-
tence of the delegation requirements to the detriment of circular subsidiarity6. 
Compounding the problem is the fact that the overall mechanism of access 

their interlocutors an arrangement consistent with both the social and entre-
preneurial vocation. At the level of methods and practices, this contradiction 
could lead to putting competition for resources ahead of the general interest.

allowed us to draw elements for future evaluation of the southern question. 
The matter seems to settle on this distinction: in the North, there is a greater 

there seems to be more attention on the part of public funds for Third Sector 
social activities. Having to choose either one or the other path due to the 
geographical position certainly does not favor either the circular subsidiarity 

6 
adequate sample.
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network or the development of an innovative welfare network, or, by going to 
the bottom of the question, the achievement of economic and social cohesion.
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11. The Erasmus student mobility network*

** ***

1. Introduction

As many social phenomena, the student mobility of the Erasmus programme 
can be analysed through a network perspective.

-
damental moment for education and training in the European Union. Since its 

-
gramme at its 30th

Created with the objectives of strengthening the European identity, increasing 
individual skills and, ultimately, people’s employability, the programme, which 
allows for a period of study or internship in a foreign country, has become 
popular among university students who participate with an increasing number 
year after year. The programme also represents a cultural phenomenon, since 

Given the success of Erasmus+, the European Commission has proposed 
to double the funds allocated to the programme for the 2021-2027 period in 
order to support the mobility of 12 million people, aiming to increase the par-
ticipation of those students coming from a more disadvantaged background 

For its importance, the Erasmus programme has been studied in depth 

* -

di), La forza delle reti, Aracne, Rome, 2020.
**

*** -
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and the participants’ feelings of multiculturalism and European identity (see 

exclusively on the Erasmus mobility for study purposes. Using data availa-
1, the Erasmus mobility for 

the academic year 2013/2014 is analysed using a network analysis approach. 
The aim is to explore the network of Erasmus students and study the re-
lationships between the participating countries. The study of the directed 

important nodes that host and send students abroad, providing an overview 
of the participation in the programme for the year analysed, and highlighting 
asymmetries in student participation.

The approach chosen is not entirely original. A study of the Erasmus 
mobility network can be found in Derzsi et al. (2011). The authors analyse 
Erasmus mobility in 2003, studying its directed and weighted network, 
where the nodes of the network represent European universities and links 

-
logical properties of the network shows that, contrary to what expected, 
the network does not show the characteristics of scale-free networks (see 

et al. (2020) also use a net-
work analysis approach and provide a general overview of Erasmus mobil-

countries among the participants: good senders and receivers, good senders 
only and good receivers only. Restaino et al. (2020) expand the network 
analysis tools by adopting a blockmodeling approach on the network of 

-
tcher et al. (2016) study the Erasmus mobility for the a.y. 2011/12 and 
identify a gender gap both by country and by study area. In particular, 
for almost all participating countries and several thematic areas, female 
students are over-represented. This gap in favour of women is also found 

2013. Their work shows that the gender bias in favour of female students 
is persistent along the years considered, however, a mild trend towards its 

1 https://data.europa.eu/euodp/en/home.
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reduction emerges and suggests that this tendency could foster the conver-

The work has been structured as follows: Section 2 explains the function-

Section 3 provides a quantitative description of the Erasmus mobility for 

-
acteristics of the Erasmus programme and possible future changes.

2. The Erasmus programme over time

Erasmus is an acronym for the European Region Action Scheme for the 
Mobility of University Students. It is a student mobility programme of the 

-
pean students in higher education the possibility to study abroad for a limited 
period at a European university, legally recognized by their home university 

-

the number of participating students has followed the growth of countries’ 
participation in the programme, which in many cases joined Erasmus before 
even becoming European Member States. This is the case of Austria, Finland, 

The number of students participating in the mobility saw an unprecedented 

participating countries remained almost unchanged. In 2014, the programme 
changed its name in Erasmus+ and acquired a more inclusive form (with the 

interest not only to education but also to training, youth and sport. 
In 2013 the programme reached the highest number of participants, 34 

-
tenstein, Norway, North Macedonia, and Turkey. Since 2014, Switzerland 
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no longer enjoys the status of member country of the programme, but it is 
a partner country
Swiss funds that still allows Swiss people and institutions to participate in 

-
cial inclusion of Serbia. 

Thus, the programme continues to grow with the aim of strengthening 
and becoming more inclusive.

Fig. 1 – Evolution of the Erasmus programme from 1987 to 2018

Note: The darker line represents the number of students participating in the mobility pro-
gramme (left scale), the light grey line represents the number of countries participating in uni-
versity mobility (right scale). The thin vertical lines signal new countries joining the Erasmus 
programme and the transformation of the programme into Erasmus+. The thick vertical lines 
highlight some of the main enlargement of the European Union.

The data used in this analysis are provided by the European Commission 

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603



226

The most recent dataset refers to the academic year 2013-2014 and it is 
the one employed in this analysis. The dataset collects information on both 
study and placement mobility. This study focuses exclusively on mobility 
for study purposes, therefore observations related to internships have been 

from the Erasmus grant. For the a.y. considered, the programme involved 
-

edonia, Norway, Turkey, and Switzerland. The universities involved in the 
exchanges amounted to 2,732. 

Table 1 provides some information on the participating countries, in par-
ticular the distribution of universities in the 34 countries, the distribution of 

-
dents who left and arrived for each country2. Moreover, two standardized 

-
tween the number of incoming students and the average number of students 

percentage of outgoing students out of the total number of students enrolled 
in higher education in the country of reference.

measure shows the great incidence of Erasmus mobility for very small coun-

Table 1 suggests that the countries involving the largest number of uni-
-

-

-
o

i

2

-
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Tab. 1 – Distribution of universities and students’ participation by country (2013-2014)

Country Universities Incoming students Outgoingstudents F % incoming F % outgoing
AT 61.67

76 62.64
43 66.13

CH 34
CY

64.73
DE 321

61
EE 20 716 [1.10] 71.23
ES
FI 63.01
FR

64.60 64.01
GR 1,763 [0.24] 71.04
HR 24 746 [0.10]
HU 62.37
IE 34 2,121 [1.06] 60.73
IS 7
IT

1 61.11 24
42 2,327 [1.46] 46.01
1

47.44
7 0 –

MT 3 66.04
7,231 [1.07] 60.64

61.62
223 46.02 70.60

PT
1,704 [0.23] 40.73

SE 42 3,324 [0.76] 60.11
SI 21 1,677 [0.22] 1,277 [1.31]

33 1,274 [0.16] 66.20
TR

Note: For each of the 34 participating countries, the table shows the number of participating 
universities, the number of incoming students, the number of outgoing students, the percent-

country of reference. In the column showing the number of incoming students, the percentage 
ratio between the number of incoming students and the average number of students enrolled 
in foreign universities is also shown in brackets. The column showing the number of outgoing 
students reports in parentheses the percentage of outgoing students out of the total number of 
students enrolled at the university in the country of reference.
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Fig. 2 – Distribution of incoming and outgoing students by participating country, 

senders, i.e. from which the greatest num-
ber of students leaves, are in order Spain, Germany, France, Italy, Turkey, 
and Poland. It is clear from Figure 2 that displays the distribution of outgoing 
students (dark grey bars). The light grey bars instead indicate the number of 

correspond to the sender countries. Spain is the country that sends more stu-
dents on Erasmus mobility, but also receives more, followed by France, Ger-

of Turkey as a sender, although it is not a member country of the EU, and the 

respect to the ones leaving from this country. Poland certainly stands out both 
in the role of sender and receiver among Eastern European countries.

-

Cyprus, Estonia, Greece, and Romania. The same holds for the incoming 
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male students.
-
-

which mobility is very high (> 10,000 students): (i) Arts and humanities, (ii) 

law and (iv) Engineering, with higher participation of women in Arts and 
humanities and men in Administration.

Field of study (ISCED-F 2013) F M F/M Total
2.20 262

Education 4.23 7,227
Arts and humanities 11,106 44,204
Social sciences, journalism and information 1.77

Natural sciences, mathematics and statistics 6,116 11,003
Information and Communication Technologies 
Engineering, manufacturing and construction 14,232

1.41
Health and welfare 2.46
Services 2,373 1.32
Unknown 1,003 1.32 1,762
Total

number of female students (F) and male students (M) in Erasmus mobility, as well as the total 
number of students. The F/M column contains the ratio between female students (F) and male 

Table 2 also shows the ratio of female to male students (F/M) for each 
area of study. To be noted is the number of female students in mobility in 
Education which is more than four times the number of male colleagues, 
and in the Arts and humanities sector where the number of female Erasmus 
students is almost three times higher. Conversely, female students are about 
one third of male colleagues in the ICTs and represent the minority also in 
Engineering.
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4. Network Analysis

The elements highlighted by the previous analysis can be supplemented 
and reinforced by a simple application of network analysis -
dents participating in the Erasmus programme during the period considered. 

between countries). The second step is the extraction of the graph from the 
Aij, adjacency matrix, where 

i
and j
visualize the network, projecting the adjacent matrix on the plane and using 

network of the Erasmus students, Wij. Finally, the fourth phase consists in 
calculating some indicators that measure the relative position of the countries 

The original data are those discussed in Section 3 and include the incoming 

This matrix, Wij, has dimension n x n, where n is the number of countries partic-
ipating in the Erasmus programme in 2013-2014, and includes wij elements that 

i and hosted in country j.
In Figure 3 countries are sorted in alphabetical order in both panels and 

heatmap of the 
Wij matrix, while Figure 3b displays the Aij matrix. Rows represent the coun-
tries of departure while columns the arrival countries. The values of the wij 

Italy to Spain. The colour scale in the visualization of the Wij matrix goes from 

the Aij
wij -

change between universities in the same country. The predominance of black 
cells over white cells in Figure 3b shows the degree of pervasiveness of the 

instance, or Czech Republic, send and receive students to and from almost all 
other countries, and this tends to be the predominant element of the Erasmus 

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603



231

Fi
g.

 3
 –

  W
ij 

m
at

ri
x 

(le
ft)

 a
nd

 A
ij

 
 

(a
) 

(b
)

N
ot

e:
 T

he
 W

ij 
m

at
rix

 (a
) i

s r
ep

re
se

nt
ed

 in
 th

e f
or

m
 o

f h
ea

tm
ap

 w
he

re
 th

e g
re

y 
sc

al
e t

ak
es

 d
ar

ke
r i

nt
en

sit
y 

as
 th

e v
al

ue
s i

nc
re

as
e,

 th
us

 ra
ng

in
g 

fro
m

 
A i

j m
at

rix
 (b

) i
s r

ep
re

se
nt

ed
 in

 b
la

ck
 an

d 
w

hi
te

 an
d 

hi
gh

lig
ht

s t
he

 ab
se

nc
e 

Copyright © 2021 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835124603



232

This evidence can be summarized by the value of the network density 
corresponding to the Aij matrix. The density index, calculated as the ratio 

number of possible links (n x (n
considering two random nodes in the Erasmus student network, the probabil-

Contrary to the homogeneity in country participation both in terms of 
sender and receiver role, the visualization of the Wij matrix shows that the 

wij value of less than 10 students).
This heterogeneity can be easily distinguished in Figure 4, representing 

the network structure. Participating countries are represented by the nodes 
of the network, while the links between them describe the Erasmus students 

-

to wij) and of shades of grey similar to that of the country-node of departure.
The most connected countries in terms of incoming and outgoing links 

are displayed at the centre of the relations space by the Fruchterman-Rein-

the nodes corresponding to the less connected countries are positioned in 
more peripheral locations. In Figure 4a, the nodes size is proportional to the 
number of outgoing Erasmus students.

The most relevant nodes in the network appear to be Spain, Germany and 
-
-

-
resents a second cluster, characterized by a strong bilateral connection with 

-

balance. The fourth and last cluster, although marginal in terms of bilateral 

numerous group of countries participating in the Erasmus programme. 
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Tab. 3 – Centrality indexes of the country-nodes in the Erasmus student network in 
2013-14

Indegree Outdegree Instrength Outstrength Relative instrength Relative outstrength 
AT 0.16 0.17

0.21 0.20 0.20 0.20
0.76 0.02 0.04 0.02 0.07

CH 0.76 0.74
CY 0.76 0.02 0.01 0.02 0.14

0.20 0.22
DE 0.17

0.16 0.14
EE 0.03 0.02 0.03 0.17
ES 1.00 1.00 1.00 0.24
FI 0.22 0.14 0.20 0.22
FR 

0.34 0.07
GR 0.06 0.11 0.06
HR 0.74 0.76 0.02 0.03 0.02 0.10
HU 0.13 0.10 0.12 0.13
IE 0.76 0.16 0.07 0.16
IS 0.71 0.02 0.01 0.01 0.16
IT 0.71
TR 0.76 0.76 0.42 0.22 0.04

0.32 0.00 0.00 0.00
0.07 0.06 0.22

0.44 0.00 0.01 0.00 1.00
0.76 0.03 0.04 0.03 0.22
0.00 0.00 0.00 0.00 0.02

MT 0.02 0.00 0.01
0.24 0.26 0.16

0.76 0.71 0.14 0.13
0.37

PT 0.30 0.17 0.23
0.76 0.06 0.12

SE 0.11 0.27 0.12
SI 0.06 0.04 0.20

0.74 0.04 0.04

Note: For each of the 34 countries participating in the Erasmus programme, the table shows three var-
iations of the centrality index. Columns 2 and 3 indicate respectively the centrality index based on the 

the centrality index based on the connectivity weighted by the volume of the incoming (instrength) and 

respectively to the total number of university students in the countries from which the reference country 
receives students and the total number of university students in the country.
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modularity, which 
measures the number of edges falling within groups minus the expected 
number in an equivalent network with edges placed at random.

In Figure 4b, the nodes size is proportional to the percentage of uni-

for which the participation in the Erasmus programme appears widespread 
among students in higher education.

In order to acquire information on the relative position of each country 
within the reticular structure, it is necessary to look at the local centrality in-
dexes, commonly based on the degree, which is given by the sum of the links 

with other nodes.
Table 3 summarizes three versions of the degree-based local centrality in-

dex. Column 2 and column 3 report the values of the centrality indexes based 
on the sum of the incoming (indegree) and outgoing (outdegree) links, both 
weighted with respect to the number of possible links for each node in the 
network: n-1. For instance, being n -
dents from 31 countries, has an indegree
receives students from 33 countries, has the highest value for the indegree. 

In the case of outdegree and indegree, the countries with higher central-
ity do not systematically coincide, showing the presence of countries more 
active in welcoming foreign students and countries relatively more active in 
sending local students abroad. In addition to the countries mentioned above, 
the centrality measures highlight the central role of the Netherlands, Sweden, 

-

Columns 3 and 4 show the centrality indexes based on the degree weight-
ed with respect to the volume of incoming (instrength) and outgoing (out-
strength
by the number of incoming or outgoing Erasmus students. The measures are 
then normalized by dividing by the maximum value of instrength and out-
strength. These indexes highlight the predominant position of large countries 

outstrength 
twice the value of instrength, while the latter shows an opposite relationship 
between outstrength and instrength. 
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outstrength values with the total num-
ber of university students in the country and the instrength values with the 
total number of university students in the countries from which the host 
country receives Erasmus students. These are the same measures indicated in 
brackets in Table 2, again normalized to the maximum value. As noted in the 
lower panel of Figure 4, countries that manage to include a relatively high 
number of higher education students within the Erasmus programme are the 

With its 33 years of experience, the Erasmus programme has become a 
growing European cultural phenomenon, which has proven to have a pos-
itive impact on the employability of European students and has become a 
substantial requirement for entry into the labour market. 

phenomenon that can easily be analysed with a network analysis approach, 
where the participating countries represent the nodes of the network and 

analysis and some network statistics, this work analyses the phenomenon of 
Erasmus for the academic year 2013/2014, providing a more recent evidence 
with respect to the research of Derzsi et al. 
which respectively analyse the Erasmus students mobility network in 2003 
and 2011. Unlike Restaino et al. (2020), who also study the mobility for in-
ternships, the network studied in this work only considers mobility for study 
reason.

The chosen methodology allows to highlight possible asymmetries in the 

et al. (2020). The study reveals some 

Among these, the cluster of countries with the highest level of incoming and 
-

terized by a strong bilateral connection with Spain, represents the second 

while Turkey plays a sender role. 

education, the impact of the Erasmus programme is striking in small coun-
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outgoing students with respect to their university students. 
-

the active role of other countries in terms of hosting students from abroad, as 
in the case of the Netherlands, Sweden, Finland and the Czech Republic, and 

Finland, and the Czech Republic.
Asymmetries are also observed in terms of disciplines of study, with a 

preference for Art and humanities, Social sciences, Engineering and Ad-

stronger female participation in the mobility.
The growth of Erasmus in terms of student participation suggests that 

the programme will grow further, also considering the increasing EU fund-

European Union raises doubts about possible consequences for the Erasmus 
programme, which necessarily requires stability of agreements between uni-
versities to allow study abroad without incurring in the payment of tuition 

are still uncertain today. 
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