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EXPLORING INEQUALITIES IN CO-AUTHORSHIP NETWORKS
AMONG ITALIAN SCHOLARS!

Gianpaolo Caprino, Viviana Amati

Abstract. Social capital refers to the resources individuals can access through their network
of relationships to achieve their goals or navigate challenges. This study examines the
structure of collaboration networks in which Italian academics are embedded. Specifically,
we analyze inequalities in co-authorship networks among Italian scholars in the fields of
Statistics, Management, and General and Applied Sociology. We compiled a list of scholars
and their attributes as of 2022 using data from the Ministry of University and Research. By
linking each scholar to their Scopus ID, we collected co-authorship data from Scopus
publications covering the period from 2012 to 2022. We utilize an egocentric network
approach to build personal co-authorship networks. We calculate various structural and
compositional indices—such as component ratios, network density, and diversity—to
categorize these personal networks and conduct network clustering to identify different
network typologies. Our results reveal variations in personal networks across the four
disciplines, reflecting the specific academic norms and roles associated with each field.

1. Social capital in Academia

Over the past four decades, the concept of social capital has received significant
attention across various disciplines, including economics, sociology, and psychology. A
variety of definitions and typologies of social capital have been proposed (see, e.g.,
Bhandari and Yasunobu, 2009, for a review) since the foundational work of Coleman
(1988).

Despite the diversity of definitions, a common theme emerges: social capital is
recognized as a resource embedded in the networks and groups to which individuals
belong rather than as a personal trait or individual characteristic. Portes (1998, p.6)
described social capital as “the ability of actors to secure benefits by virtue of their
membership in social networks or other social structures,” emphasizing that while
“economic capital is in people’s bank accounts and human capital is inside their heads,
social capital resides in the structure of their relationships” (p. 7). Similarly, Lin et al.
(2001, p. 24) defined social capital as “resources embedded in a network, accessed and
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used by actors for actions.” The concept highlights social capital's role in maintaining
and enhancing social positions through the conversion of resources into other forms of
capital, such as economic or cultural capital (Bourdieu, 1986; Coleman, 1988; Durlauf
et al., 2005; Veenstra and Abel, 2019). We adopt Lin’s definition and regard social
capital as the resources and benefits individuals gain from their social networks, which
can impact success and perpetuate outcomes.

Understanding social capital is crucial for analyzing how social structures and
networks can affect opportunities and inequalities in various contexts, including
academic research. In the academic sector, social capital is fostered by collaborative ties
between academics and other entities—including fellow scholars, industry, and
institutions—and social capital resources can be converted into human capital defined as
“the sum of scientific, technical and social knowledge, skills and resources embodied in
a particular individual” (Bozeban and Corley, 2004, p. 601).

Numerous studies have explored how social and human capital derived from
collaboration between industry and polytechnic universities facilitates the diffusion of
innovations and technology transfer, which can enhance academic productivity (Al
Tabbaa and Ankrah, 2019; Bikard et al., 2019).

Another area of research has examined how collaboration among scholars influences
performance and advancement in academic careers at the individual level. In these
studies, collaboration is often measured through co-authorship—the joint publication of
scientific manuscripts—which serves as a proxy and indicator of academic collaboration
(Abbasi et al., 2011; Abramo et al., 2015, Iglic et al., 2017).

This study aligns with the latter area of research. Based on information collected from
the Scopus repository and scholar characteristics provided by the Ministry of University
and Research, we construct co-authorship networks of Italian scholars and describe
differences in network structures that provide social capital. We focus on four academic
fields (Statistics, Management, General Sociology, and Applied Sociology) and compare
results both within and between these fields.

The paper is organized as follows: In Section 2, we define ego-networks and review
their role in explaining social capital. In Section 3, we introduce the data, and in Section
4, we present the results. We conclude with a discussion of the findings, the limitations
of the study, and directions for future research.

2. Social capital and academic networks

The reason why networks are often found interesting is tied to the relevance of
networks and their characteristics—such as size and composition—for understanding
individual outcomes, including well-being, health, and performance (Vacca, 2020;
Amati et al., 2018). Numerous studies have shown that collaboration among scientists
influences productivity, evaluation, and research quality.
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Research collaboration can take various forms (Katz and Martin, 1997), including
informal discussions, student supervision, data sharing, project participation, and co-
authorship. Among these, co-authorship is considered the most prominent and easily
traceable form of collaboration, thanks to the availability of databases such as Scopus,
Web of Science, OpenAlex, and Google Scholar. In collaboration networks, the entities
are the authors of scientific manuscripts, and the connections between them are
represented by joint publications.

In academic settings, a well-structured network can significantly influence
opportunities such as research funding, impactful collaborations, career advancement
(Lu et al., 2021; Bellotti et al., 2016), and scientific performance (De Stefano and
Zaccarin, 2016). For example, an analysis of Italian physicists over a decade of grant
data found that network position strongly predicted funding success (Bellotti, 2012).
Notably, what mattered most for a scholar was not merely being highly connected—
what Bellotti (2012, p.225) refers to as being a “big fish”—or belonging to a large,
prestigious university—a “big pond” (Bellotti, 2012, p.217)—but rather occupying a
brokerage position that bridges different research groups. Scholars who acted as
connectors between otherwise unlinked teams secured more grant funding, highlighting
that diverse and spanning connections provide greater access to resources than sheer
network size or institutional prestige.

Additionally, bibliometric studies have linked network structure to research impact.
Sparse ego networks—where the scholar serves as a hub between disconnected
collaborators—achieved higher citation rates per publication than dense, tightly knit
networks (Ortega, 2014). In these networks, the central researcher exercises more control
and selectivity in collaborations, leading to greater impact.

Finally, networks can also influence scientific evaluation. A study of career
advancements at Italian universities revealed that connections with members of
evaluation committees are strong predictors of a candidate’s career success, while
nepotism plays only a marginal role (Abramo et al., 2015). In the Spanish academic
context, Zinovyeva and Bagues (2015) found similar results. They demonstrated that
personal and professional connections—such as PhD advisor-advisee relationships,
collegial ties, or co-authorship—between candidates for full professorships and
members of promotion committees significantly influenced evaluation outcomes.

All these studies illustrate how the characteristics of collaboration networks in
which a scholar is embedded provide social and human capital and determine access to
different resources. Based on this, we aim to identify the collaboration behavior of Italian
academics and investigate differences across disciplines.
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3. Data and methods
3.1. Data Collection and ego-network construction

The dataset includes information on gender, roles, academic sectors, universities, and
departments. The population consists of 803 scholars in Statistics, 611 in Management,
571 in general Sociology, and 163 in Applied Sociology. Table 1 presents descriptive
statistics regarding the scholars' gender, roles, and disciplinary sectors.

Table 1 - Descriptive statistics of the scholars working in academia as of 2022 by discipline.

Discipline Statistics Management SGe_neraI Ap.pI'Ed
ociology Sociology
N. academics 803 611 571 163
Gender
Men 53% (424) 51% (312) 51% (293) 55% (89)
Role
Researchers 27% (217) 28% (169) 30% (172) 31% (50)
Associates 41% (332) 40% (248) 47% (269) 51% (83)
Full 32% (254) 32% (194) 23% (130) 18% (30)
S.S.D.
SECS-S/01 (60%) SECS-P/08 (100%)  SPS/07 (49%), SPS/09 (67%)
SECS-S/02 (2%) SPS/08 (40%), SPS/10 (33%)
SECS-S/03 (20%) SPS/11  (6%)
SECS-S/04 (8%) SPS/12  (5%)

SECS-S/05 (10%)

Each scholar was linked to its Scopus ID, allowing us to retrieve all of its publications
indexed in Scopus from 2012 to 2022. We excluded single-authored manuscripts, as they
do not provide insights into collaboration, and also excluded publications with more than
20 authors, based on the understanding that meaningful collaboration typically involves
a limited number of authors. The dataset includes a total of 28,605 published papers:
11,374 in Statistics, 10,783 in Management, 4,885 in Sociology, and 1,563 in Applied
Sociology.

Using this data, we constructed the egocentric network of co-authorship ties for each
scholar. An egocentric network is a network seen from the perspective of a focal actor,
referred to as “Ego.” It includes Ego and the set of alters to whom it is connected. We
distinguish between an egocentric network, which reports only the ties between Ego and
the alters, and a personal network, which also incorporates the relationships among the
alters (Perry et al., 2018).

Figure 1 illustrates the personal network of an Italian scholar with nine alters. In this
representation, Italian academics and their co-authors are represented by nodes, and there
is a tie between two nodes if they wrote at least one paper together. Different node shapes
and colors indicate the characteristics of the alters.
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We analyze the personal networks of Italian academics using compositional and
structural indices, as outlined by Perry et al. (2018).

Compositional indices describe the characteristics of the alters and the nature of the
relationships between Ego (the individual) and its alters. These indices are expressed as
percentages and illustrate the distribution of alter attributes in the personal network.

Figure 1 - Example of a personal network. Italian academics and their co-authors are
represented by nodes. There is a tie between two nodes if they co-authored at
least one paper. Different node shapes and colors indicate the characteristics of
the alters.
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3.2. Network measures & Clustering

Compositional indices describe the characteristics of the alters and the nature of the
relationships between Ego (the individual) and its alters. These indices are expressed as
percentages and illustrate the distribution of alter attributes in the personal network.

Structural indices focus on the relationships within the network, examining how the
Ego is connected to its alters as well as the connections among the alters themselves.
These measures reveal the overall organization of the network, such as how
interconnected the alters are, how centralized Ego is within the network, and the degree
of fragmentation present.

The ego network size refers to the number of co-authors (alters) with whom the ego
has collaborated. The network density, also known as the availability index, captures the
proportion of actual ties among alters compared to all possible connections. This index
provides insight into the level of cohesion within each network and is calculated as the
ratio of the number of actual ties to the maximum possible ties, incorporating both Ego-
alter and alter-alter ties:

(N. actual ties) o)
(N.max of possible ties)

The Diversity/El Index evaluates how likely the ego is to collaborate with similar
individuals based on specific attributes. The El Index focuses solely on Ego-alter ties.

density =
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Let E be the number of external ties (connections between Ego and alters with different
attribute values) and | the number of internal ties (connections between Ego and alters
with the same attribute value).

The EI Index is computed as:

(E-1D)
TE+D @)

It ranges from -1 to 1: a value of 1 indicates perfect heterophily (all external ties),
while -1 indicates perfect homophily (all internal ties).

We computed both compositional and structural indices for each personal network
and used them as variables to identify personal network typologies among Italian
academics. This analysis aims to study inequalities in ties providing social capital
resources across different disciplines.

Following Amati et al. (2018) and Pelle and Pappada (2021), we applied hierarchical
clustering using Euclidean distance, determined group numbers via dendrogram and
silhouette score, and characterized typologies through standardized mean proportions.

EI

4. Results

The following analysis was performed on a subset of Italian scholars. We excluded
from the initial population those who have published only solo-papers (Statistics: 3%,
24 individuals; Management: 12%, 81 individuals; General Sociology: 31%, 252
individuals; Applied Sociology: 26%, 59 individuals) and those having all co-authors
not affiliated to an Italian university (Statistics: 8%, 68 individuals; Management: 15%,
90 individuals; General Sociology: 47%, 267 individuals; Applied Sociology: 45%, 74
individuals). We made this decision due to the lack of information on the alters.
Information on gender, role, and disciplinary sectors are only available for Italian
scholars given that the source is MUR.

4.1. Personal network descriptives

Table 2 summarizes the descriptive statistics about the compositional and structural
indices for the personal networks of Italian scholars having at least one Italian academic
co-author by discipline.

Men dominate in Statistics (55%), Management (55%), and Applied Sociology
(57%), while General Sociology is more balanced (51% men). International
collaboration is highest in Statistics (71% non-Italian co-authors) and Applied Sociology
(62%), followed by Management (57%) and General Sociology (54%).

The analysis of academic roles uncovers two distinct patterns. Statistics and
Management scholars collaborate primarily with associate and full professors (~40%
each), while Sociologists work mainly with associate professors (~50%), followed by
researchers and full professors (~25% each).
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Table 2 - Compositional and structural indices of the personal networks of Italian scholars
having at least one Italian academic co-author by discipline.

Discipline Statistics Management S((;Jsir:)elgag:y Sﬁgizlllggy
N. Egos 735 521 304 89
Compositional network indices

Gender
Men 55% (404) 55% (287) 51% (123) 57% (51)
Affiliation
Non-Italian scholars 71% (522) 57% (297) 54% (131) 62% (55)
Role
Researcher 19% (140) 19% (99) 29% (70) 27% (24)
Associates 40% (294) 40% (208) 44% (106) 50% (45)
Full 51% (301) 41% (214) 27% (65) 23% (20)
Academic sector

SECS-S/01 (61%) SECS-P/08 (100%) S(F;Sg/% SPS/09 (67%),

SECS-S/02 (2%) 5&%{% SPS/10 (33%)
SECS-S/03 (18%) SPS/11 (6%)
SECS-S/04 (10%) SPS/12 (5%)
SECS-S/05 (9%)
Structural network indices

pverage network 10.81 10.1 5.81 2.28
Average density 0.22 0.33 0.31 0.24
Average gender EI -0.12 -0.09 -0.12 -0.06
Average role El 0.33 0.31 0.53 0.35
Average S.S.D. El -0.45 - -0.47 -0.72

When examining the composition of academic roles, we find variability across
disciplines. Statistics and Management scholars maintain larger networks (~10 co-
authors vs. 2-5 for Sociologists), while General Sociology and Management show higher
density (0.30 vs. 0.23). El indices reveal minimal gender homophily (near 0), role
heterophily (positive values, highest in General Sociology at 0.53), and strong
disciplinary homophily among Applied Sociologists (-0.72).
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4.2. Personal network typologies

Clustering results reveal significant disciplinary variation in co-authorship patterns,
reflecting differences in academic norms and collaboration (Table 3).

Table 3 - Personal network typologies by discipline.

Group .

(count) Interpretation

1(260) Outside Italian academia; large network; prevalence of men; role balance; focus on
SECS-S/01; S.S.D. homophily

2 (183) Outside Italian academia; large network; prevalence of men; role balance; focus on

SECS-S/01
3(78)  Outside Italian academia; prevalence of women; role balance; focus on SECS-S/04
Outside Italian academia; prevalence of women; prevalence of associate professors;

g 4®2 fo0us on SECS-S/01
% 5 (6) Outside Italian academia; small network; prevalence of men; prevalence of associate
&N and full professors; focus on SECS-S/02; role heterophily
6 (99) Outside Italian academia; large network; prevalence of men; role balance; focus on
SECS-S/03; S.S.D. homophily
7(23) Outside Italian academia; prevalence of women; prevalence of associate and full
professors; focus on SECS-S/05
8 (24) Within Italian academia; dense network; prevalence of women; prevalence of

associates and full professors; focus on SECS-S/01; S.S.D. homophily

Statistics (8 clusters) and Management (9 clusters) scholars exhibited larger, more
structured networks, while General and Applied Sociology (5 clusters each) displayed
smaller, more fragmented networks. Role-based disparities emerged, with role
heterophily particularly evident among full professors in certain clusters, suggesting
network structure influences career progression and visibility.

Regarding institutional affiliation, Statistics and Sociology showed greater
international collaboration, whereas Management and Applied Sociology favored
domestic partnerships. Gender dynamics varied considerably: Statistics and Sociology
exhibited strong disciplinary closure with women-centered clusters emerging within
Italian academia; Management demonstrated lower gender homophily and a pronounced
domestic-international divide; Applied Sociology displayed the highest levels of male
dominance, disciplinary homophily, and role heterophily.
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Table 3 (cont.) - Personal network typologies by discipline.

Group .
(count) Interpretation
1(104) Within Italian academia; large network; prevalence of men; prevalence of associates
and full professors
2 (34) Outside Italian academia; prevalence of women; prevalence of full professors; gender
homophily; role heterophily
3 (61) Outside Italian academia; prevalence of men; prevalence of full professors; gender
homophily
4 (41) Within Italian academia; dense network; prevalence of men; prevalence of associate
£ and full professors
é 5 (114) Outside Italian academia; large network; prevalence of women; prevalence of
< associate; associate and full professors
[~
= 6 (87)  Outside Italian academia; prevalence of women; prevalence of researchers
7 (24) Outside Italian academia; prevalence of women; prevalence of associate professors;
role homophily
8 (25)  Outside Italian academia; prevalence of men; role balance
9 (31) Outside Italian academia; dense network; prevalence of men; prevalence of full
professors; gender and role heterophily
1(10) Outside Italian academia; gender balance; prevalence of associate and full professors;
focus on SPS-12; S.S.D. homophily
3 2 (21) Outside Italian academia; dense network; prevalence of men; prevalence associate
% professors and researchers; focus on SPS-11; role heterophily
(§ 3 (114) Outside Italian academia; large network; prevalence of women; prevalence of
= associate professors and researchers; focus on SPS-07; role heterophily
% 4 (64) Outside Italian academia; prevalence of men; focus on SPS/09; role and S.S.D.
O heterophily
5 (95) Large and dense network; prevalence of women; prevalence of associate professors;
focus on SPS-08; role heterophily; S.S.D. homophily
1(18) Outside Italian academia; prevalence of men; prevalence of full professors; focus on
o SPS/Q9; role heterophily
g 2 (28) Large and dense network; prevalence of men; prevalence of associate professors;
2 focus on SPS-09; S.S.D. homophily
) 3 (19) Large and dense network; prevalence of men; prevalence of associate professors;
E focus on SPS-10; gender and S.S.D. homophily
§ 4 (13)  Outside Italian academia; prevalence of men; focus on SPS/09; and S.S.D. heterophily
5 (11) Outside Italian academia; prevalence of women; prevalence of researchers; focus on

SPS-09; role heterophily; S.S.D. homophily
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5. Conclusions

This paper investigated personal network structures and composition among scholars
in Statistics, Management, General Sociology, and Applied Sociology using hierarchical
clustering, with results validated through k-means.

Our findings reveal discipline-specific network structures that influence academic
social and human capital. Disparities in social capital—reflected in variations in gender,
academic roles, disciplinary sectors, university affiliations, network density, diversity,
and size—translate into inequalities in human capital, affecting productivity, research
quality, and career advancement of Italian academics. Women's smaller or less
international networks may reflect structural barriers and gendered gatekeeping practices
in academia (Van den Brink and Benschop, 2012), as informal networks and mentoring
opportunities are often less accessible to women, affecting visibility and collaboration
opportunities (Bozeman and Gaughan, 2011). Role-based differences, particularly the
greater brokerage position of full professors compared to researchers, reflect the
hierarchical organization of academic careers in Italy, where seniority strongly
influences access to resources and collaborations (Musselin, 2013). Disciplinary
variations—larger networks in Statistics compared to more fragmented ones in
Sociology—may stem from different "academic tribes and territories” (Becher and
Trowler, 2001), as quantitative disciplines privilege multi-authored journal articles,
while interpretive fields often value books and small, cohesive collaboration groups
(Kyvik, 2003).

This study has important limitations. We used co-authorship as a collaboration proxy,
though other cooperation forms exist. Scopus-based data systematically favors
bibliometric fields and underrepresents social sciences where monographs and edited
volumes are central (Hammarfelt, 2016), making cross-disciplinary comparisons reflect
publishing norms alongside collaboration strategies. We constructed networks using
binary ties, disregarding collaboration strength indicated by co-authored paper counts.
Future work will analyze weighted networks and examine how network typologies
impact academic performance.
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