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Abstract

A stream of research on co-authorship, used as a proxy of scholars’ collaborative behavior, focuses on mem-
bers of a given scientific community defined at discipline and/or national basis for which co-authorship
data have to be retrieved. Recent literature pointed out that international digital libraries provide partial
coverage of the entire scholar scientific production as well as under-coverage of the scholars in the com-
munity. Bias in retrieving co-authorship data of the community of interest can affect network construction
and network measures in several ways, providing a partial picture of the real collaboration in writing papers
among scholars. In this contribution, we collected bibliographic records of Italian academic statisticians
from an online platform (IRIS) available at most universities. Even if it guarantees a high coverage rate of
our population and its scientific production, it is necessary to deal with some data quality issues. Thus, a
web scraping procedure based on a semi-automatic tool to retrieve publication metadata, as well as data
management tools to detect duplicate records and to reconcile authors, is proposed. As a result of our pro-
cedure, it emerged that collaboration is an active and increasing practice for Italian academic statisticians
with some differences according to the gender, the academic ranking, and the university location of schol-
ars. The heuristic procedure to accomplish data quality issues in the IRIS platform can represent a working
case report to adapt to other bibliographic archives with similar characteristics.

Keywords: bibliographic archives; IRIS; web scraping; data management; data quality; Italian statisticians

1. Introduction

Over the last decades, scientific collaboration has been considered an important driver of research
progress that supports researchers in the generation of novel ideas (Beaver, 2001; Glanzel &
Schubert, 2005). The role of scientific collaboration was emphasized in recent government policies
and international exchange programs aimed at stimulating the mobility of researchers and collab-
orative research (Wuchty et al., 2007; Defazio et al., 2009). Scientific collaboration has been also
recognized as a key factor in measuring and evaluating scholars’ scientific performance (Ferligoj
et al., 2015; De Stefano & Zaccarin, 2016).

Most of the empirical studies on scientific collaboration mainly refer to the analysis of co-
authorship, used as a proxy of scholars’ collaborative behavior (Ponomariov & Boardman, 2016),
especially in the wide variety of studies adopting the network perspective to analyze collaboration
ties (Moody, 2004; Newman, 2004; Goyal et al., 2006). Co-authorship is receiving attention not
only because bibliometric data are increasingly available but also because this type of relationship
often is a tangible output of research collaboration. It seems quite reasonable that—particularly in
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social sciences—scholars who co-authored a publication must have collaborated in some informal
way by sharing ideas, data collection, and analysis, writing, etc. (Laudel, 2002).

Co-authorship networks, enriched with information on authors and publications that can
be extracted by bibliographic databases, represent a good example of complex networks (Savi¢
et al, 2019) and can help in the understanding of the structure and the evolution of research
collaboration over time (Yan & Guns, 2014).

Two main broad types of co-authorship networks can be distinguished (Savi¢ et al., 2019):
(1) field co-authorship networks, representing collaboration among scholars working in a scientific
field or discipline, such as Physics (Newman, 2004), Economics (Goyal et al., 2006), Sociology
(Moody, 2004); and (2) specific scientific community (or target population) co-authorship net-
works, representing collaboration among scholars affiliated with institutions from one country,
also referred as national or domestic co-authorship networks (Kronegger et al., 2012; Bellotti et al.,
2016), or among scholars tied to a given field within institutions in one country (Digiampietri
et al.,, 2017; Sciabolazza et al., 2017).

In this context, it is well recognized that the most convenient way to obtain a co-authorship
networKk is to retrieve information on publications provided by bibliographic databases or digital
libraries. The advantages of using such data sources are that, usually, they are relatively inex-
pensive and do not impose a burden on informants to provide information (De Stefano et al,,
2013).

However, mostly in co-authorship networks on a target population, it was pointed out (Hicks,
1999) that international digital libraries provide partial coverage of all scholar scientific produc-
tion, as well as under-coverage of authors in the target population. In particular, selection bias in
retrieving co-authorship relationships in the community of interest increases as the specificity of
the group increases, such as the interdisciplinarity of the research topics that is not easily classi-
fied in well-defined subject categories, publications in one’s native language—usually restricted in
a country—and/or publications in books or book chapters (Abel et al., 2019). Bias in retrieving
co-authorship data of the community of interest can affect network construction and network
measures in several ways, providing a partial picture of the real collaboration in writing papers
among scholars.

For instance, in the Web of Science (WoS) or Scopus, the two bibliographic databases most
used in such studies, products other than articles in international journals (books, book chapters,
and papers in national journals) are not indexed to the same extent, resulting in a not satisfac-
tory coverage of output, especially in the humanities and the social sciences (Abramo et al., 2019,
p. 409; Aksnes et al., 2019, p. 748). Moreover, the selection policies of the products included in
these archives can make the choice of a bibliographic data source a challenging task to obtain
the completeness and accuracy of the publication data (Visser et al., 2021), since resulting co-
authorship patterns can mirror data source characteristics. As shown in De Stefano et al. (2013),
an interdisciplinary co-authorship behavior can emerge by the kind of products in WoS while
internationalization openness by research topics and publication style can better captured by a
thematic archive.

In order to have a thorough coverage of the overall scientific production of a target popula-
tion, the ideal situation would be to retrieve data from the individual scholars scientific curricula,
which are difficult to collect by direct interviews to the scholars and often are not available or not
regularly updated on the Internet.

The integration between high-impact journal databases with specialized and local bibliographic
archives could be a good compromise to retrieve a large proportion of all the research products of
the community under study.

In dealing with bibliographic archives, several issues must be addressed, such as the identi-
fication of duplicate publication records, the treatment of scholar synonyms and homonymies,
and the author name disambiguation of co-authors external to the target population.! These
issues affect the data quality and thus the derived co-authorship network in several ways and are
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exacerbated if different and heterogeneous archives are combined. As reported in several studies
(e.g., Fegley & Torvik, 2013; Kim & Diesner, 2016), network measures were found to be biased
by the merging or splitting of ambiguous author names. In particular, Fuccella et al. (2016) high-
lighted that the splitting identities of the adopted disambiguation procedure reduced network
connectivity and affected statistics like the average degree, while the merging reduced the size
of network structures, in terms of number of nodes and links. At the author level, splitting and
merging mainly affected network measures based on geodesic distance.

In this contribution, we aim at discussing data quality issues in defining the collaboration style
and the co-authorship ties among scholars of a specific scientific community. We focus on the
group of Italian academic statisticians, as recorded in the Ministry of University and Research
(MUR) in 2017. This case study is mainly proposed as a working example on the kind of issues to
consider in the construction of co-authorship networks of a target community, even in a small size
group, from available archives. For the community of Italian academic statisticians, we collected
bibliographic records from an online platform, the Institutional Research Information System
(IRIS), recently available at most Italian universities and in a few foreign universities, and includ-
ing international and national publications. In each university, the IRIS platform is organized
as a people-article-centered bibliographic database (Savi¢ et al., 2019), with unique identifiers for
publications and internal authors within institution.

The extraction of co-authorship networks from this type of bibliographic database poses dif-
ficulties in the identification of both authors and publications. In particular, we notice that the
platform presents the pros and cons common to digital libraries. Even if it guarantees a high
coverage rate of the target population and its scientific production, to retrieve co-authorship ties
among scholars, it is necessary to combine the data contained in different platform deployments
available at each university. In addition, especially for co-authors external to the target popula-
tion, data quality is affected by the manual data entry by the authors and with duplicate records
of publications that are co-authored by scholars hired at different universities. It is worth to note
that similar difficulties have to be managed also in case of a simpler study at intra-institutional
level.

To deal with the issues described above, we propose a strategy based on a web scraping pro-
cedure with a semi-automatic tool to retrieve publication metadata from this online platform.
Then, we adopt data management processes, exploiting useful information about publications to
deal with the data quality issues described above (e.g., duplicate records, disambiguation, authors
external to the target population).

Finally, we report the main findings to describe the collaboration style among scholars using
co-authored scientific products® with a focus on differences by gender, academic ranking, and
geographic location of the university with which scholars are affiliated to highlight similarities
and differences with comparable scientific communities in line with related literature (Abramo
etal., 2013, 2019; Aksnes et al., 2019).

The remainder of the paper is organized as follows: Section 2 presents the IRIS platform and
the related data quality issues. Web scraping techniques for extracting bibliographic data and the
adopted data management tools are described in detail. In Section 3, the main results of the anal-
ysis are reported by presenting the characteristics of the target population, the author coverage
rate, and the publication data management findings. The main characteristics of the resulting
database are provided in Section 4, with a discussion of the co-authorship behavior of the target
community. Section 5 reports final remarks.

2. Dataretrieval from the online platform
2.1 Institutional Research Information System (IRIS)

The increasing availability of online, either public or private, bibliographic sources is “extremely
important in scientific communities since they give scholars ability to search and discover
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publications relevant for their work, p. 193” (Savi¢ et al., 2019). These so-called current research
information systems (CRISs) can offer the main data sources for a detailed study of co-authorship
styles and their characteristics.

The TRIS® recently introduced in Italy seems to provide a unique platform for managing
and supporting research in Italian academic and research institutions. Within this system, the
Institutional Repository/Open Archive Module (IR/OA) is available as the repository of research
products, allowing “the storage, consultation and enhancement of publication outputs reflecting the
various activities of a university, p. 739” (Bollini et al., 2016). Thanks to this device, universities can
access a system able to communicate with the MUR database and international databases for the
management and dissemination of scholars’ scientific publications. The need for the development
of IRIS in Italy can be traced back to the 2009 act by the MUR (Law n.1, January 2009, art. 3-bis)
requiring the creation of a national registry of scholars (full and associate professors, and lectur-
ers) containing a list of their scientific publications updated annually. Unfortunately, to date, the
registry is not available and renewed attention emerged in the last years. In the meantime, based
on CRISs developed in other countries,* Italian experts on managing digital libraries agree on
the general characteristics the registry must have: openness, accessibility, connection with inter-
national databases, flexibility of research product definition, and high data quality standards with
respect to duplicate records, missing data, and errors, as well as certified data validation. Further,
experts also agree on the potential of the IRIS platform to be used as the registry base (Galimberti,
2019).

In the list of institutions affiliated with the IRIS, 66 Italian universities out of 97 adopted this
platform for publication data storage in 2018. At the university level, the IRIS platform is orga-
nized as a people-article-centered bibliographic database (Savi¢ et al., 2019), with unique identifiers
for each publication and each internal author to the institution. For each author affiliated with a
given Italian university, people-article-centered organization assures complete longitudinal bib-
liographic data updated by scholars—the publication coverage is close to individual scientific
CV—allowing, in principle, the extraction of all kinds of publications for the university level
as well as selected target academic staff. In particular, personal and bibliographic information
Italian scholars inserted in their IRIS are directly transferred to the individual scholars’ web pages
(“sito docente”) managed by the MUR to rule the employment relationships (career progression,
national funded projects participation, phd boards, etc.) of academic scholars. Unfortunately, the
information on scholars’ scientific production in the “sito docente” is not freely available, due to
privacy policies.

The availability of this archive, in use since the end of 2015, is therefore a promising tool for
co-authorship studies of the Italian academic community, as well specific academic groups. IRIS,
as similar archives, represents an interesting case report for network science community, partic-
ularly when co-authorship networks are extracted by digital libraries accounting for a wide range
of scientific production, not limited to the international indexed journals’ repositories (e.g., WoS
Scopus). Such a wide range production is especially relevant if the interest is to study the collabora-
tion behavior in disciplines where co-authorship is still an emerging practice or where publishing
in international journals is not the major goal (e.g., humanities, law). Nevertheless, several issues
must be managed in merging data after the collection process from each university-based source
to obtain a national-level archive.

Each university institution hosts its own IRIS operating deployment, where only some bib-
liographic data are fixed and mandatory, with no standard rules for inserting information. For
example, manual data insertion affects the names of co-authors not affiliated with the univer-
sity. Unfortunately, the platform does not provide a procedure for systematic download. Thus, to
obtain bibliographic information at national level, web scraping techniques are needed to extract
bibliographic data, and careful data management procedures have to be adopted to reconcile
publication records and to detect duplicates.
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2.2 Web scraping techniques

Starting from scraping data techniques (Mitchell, 2015), a semi-automated tool is used to retrieve
the bibliographic metadata of the target population from the IRIS platform. Each author has
an IRIS page from which it is possible to access data about his or her publications. Therefore,
bibliographic data are retrieved individually for each member of the target population.

The tool is implemented in Java. In addition to standard Java libraries from which download
webpages, the Tagsoup library® is used for parsing well-formed or even unstructured and mal-
formed HTML. This tool is programmed with the aim of automatically extracting the data from
the system, obtaining good coverage of the author publications and reducing the manual adjust-
ments to manage errors or uncertainty conditions. The input information is a table containing
references (first name, surname, and academic institution) of all authors.

First, the URL of the IRIS page is retrieved for each author. Each institution hosts a different
deployment of the system; thus, each author is linked to the index page of the IRIS deployment of
his or her institution. Then, a query is launched on a specific search by the author interface avail-
able in the system. The interface responds by outputting a webpage containing a list of authors
indicated by first name and surname, each associated with a link to the author’s page. The last
name of the author is used as a query string, and the author’s first name and surname are consid-
ered to match an item in the list. As a result of the query, a complete database of the publication
records for each author is available. The author’s page contains the list of publications of which
the member is a co-author. Each publication in the list is associated with a link to a new page
containing the details of the publication.

2.3 Data management issues

The IR/OA module implemented in the IRIS platform provides several fields for each publica-
tion record, in particular, the title, list of all authors, publication venue, year of publication, type
of product (e.g., article, book chapter, or conference proceedings), and various standard unique
identifiers (URL, ISSN/ISBN, DOI, WoS§, and/or Scopus codes, and so on).

Among the several characteristics of the IR/OA module, those of interest for our purpose are
the following: (1) the IRIS and its IR/OA module were created to be maintained and managed
by the individual university library without any restriction of the customization of IRIS function-
alities, with the only aim of promoting open access to the university’s publications; (2) the focus of
the whole platform is on management of the individual scientific activities; therefore, data entry is
left to the individual author who manually inserts mandatory as well as optional information for
each publication.®

These characteristics can affect data quality and the consequent co-authorship network
construction in several ways. First, each university library can heavily customize the IR/OA
module content and freely choose which bibliographic data—except for the few fixed for every
repository—are mandatory. For instance, publication standard unique identifiers are not always
set as mandatory and, thus, cannot be used to reconcile different publication records. Given this
heavy customization, publication records, and—even more importantly for data management—
the available metadata of a publication, co-authored by authors at different universities, can vary
for the same scientific product. Unfortunately, there is no automatic and reliable procedure that
allows to match the same publication co-authored by authors at different institutions. Therefore,
for each co-authored publication, there may be many duplicates of the same work according to
the number of co-authors belonging to several universities.

Second, due to the manual data entry, the authors’ names—in particular, those who are rec-
ognized as not belonging to the university—may be spelled in different ways or even typed
incorrectly. Errors of this sort need to be identified and corrected to properly associate network
authors with each identity.
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To cope with these issues, an additional data management step is necessary, in which the
records corresponding to the same publication are (possibly) automatically reconciled with iden-
tities as well as authors’ identities. To solve these data quality issues, the following tasks are
performed.

2.3.1 Identification of duplicate publication records
There may be several instances of the same publication, each differing even for many fields,
because of the manual entry required by the local deployment of the IRIS platform.

In general, we can distinguish two cases of possible duplications: (1) true duplicates, obtained
when 7 scholars from different universities co-authored the same publication. In such a case, we
expect to have up to n publications with identical or similar titles (to account for typing errors
or misspellings due to manual entry) and same publication year, and (2) apparent duplicates,
observed when authors developed an early-stage publication (typically, conference proceedings)
into journal article leaving the publication title unchanged. In case of identical publication years
but with different unique identifiers (e.g., ISBN) we retain the different occurrences in the dataset.

To recover and reconcile duplicate publications, we compute the edit distance (EDT) between
all publication titles for the retrieved data. The edit distance is a measure of similarity between
two strings and is calculated as the minimum number of operations required to transform one
string into the other. Operations can be of three types: removal, insertion, or substitution of a
character. Then, we identify h different n-tuples (n > 2) of titles for which EDy <k (with k a
specified threshold), obtaining h sets of potential duplicate publications. This simple heuristic
allows us to reconcile even records affected by a few misspellings in the title. Finally, we identify as
duplicate publications the ones included in the same sets with identical publication years and/or
(if available) the same identifier. After this automatic identification procedure, we remove the
duplicate publication if the author list is identical. It is possible that the author list may differ. To
keep the maximum information about the author names, we select the publication whose author
string contains the full first name and surname of the authors.

2.3.2 Detection and reconciliation of internal authors
In a given IRIS deployment, each internal author is marked with several unique identifiers
(ORCID and e-mail). However, when an author appears as a co-author in a publication uploaded
in another IRIS, we do not have a unique identifier attached to that identity. To reconcile internal
authors when they appear as co-authors, we can match only the author name occurrences. In par-
ticular, we performed the internal author name disambiguation by matching surnames and names
as described in Fuccella et al. (2016, pp. 171-176). In detail, firstly we create candidate identities
merging all authors with “similar” surnames and at least the same initial letter of their names.
Potentially, these merged identities are shrunk into a single node in the final co-authorship net-
work. In particular, starting from the list of names internal to some IRIS deployment, we decided
to consider differences in only one character as the most frequent misspellings in our data involve
this case (except for the first letter of the surname).” Once these surnames are merged, we form
a set of candidate identities, and we manually check if occurrences in the such sets belong to the
same identity by means of their IRIS identifiers. We then split and merge identities accordingly to
Fuccella et al. (2016).

That procedure showed good performance on a noiser dataset (0.83 and 0.81 precision and
recall® values, respectively). For a review of some recent author name disambiguation techniques,
see the contribution of Hussain & Asghar (2017).

2.3.3 Reconciliation of authors external to the IRIS system
External authors are all the scholars that do not belong to the IRIS system. They can be for-
eign authors, scientists working in the private sector, retired Italian academics, or belonging to
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Table 1. Distribution of the 421 Italian academic statisticians in 2017. Source: MUR

Gender % Academic ranking % University location %

Female 49.4 Researcher 33.7 North 46.3

Male 50.6 Associate professor 39.2 Center 24.0
Full professor 27.1 South 29.7

universities not adopting IRIS. When an author is external to the system, it means that we do
not have any unique identifiers for her or his identity. The reconciliation of these authors can be
performed only if we have identities with their full first names and surnames. Thus, for authors
external to the platform, we assume that they belong to the same identity only if they have the
same first name and surname. All the other occurrences are treated as different identities. It is
worth noting that we use external authors only to measure some characteristics of the internal
authors (e.g., propensity toward co-authored publications); however if one is interested in recon-
structing the overall co-authorship networks, the role of external authors becomes crucial since
they considerably shape the network topology.

3. The target population

The target population under analysis is composed of the 421 academic statisticians who have a
position as researcher or associate or full professor at Italian universities as recorded in the MUR
database in 2017 and is classified as belonging to the Statistics disciplinary sector.”

Table 1 reports the composition of the statisticians by gender, academic ranking, and uni-
versity location as reported in the MUR database. With respect to the gender composition, the
distribution is balanced, a result in line with other contributions (Abramo et al., 2013). The
same is noted for academic ranking. More than 40% of statisticians are affiliated with universi-
ties located in northern Italy. The proposed web scraping techniques and data management tools
were performed to extract publication data for this national community as described below.

3.1 Data extraction and management

The publications were extracted from IRIS at the beginning of 2018. To set up a suitable time
frame during which all Italian scholars started to manage the inclusion of their research products
in online bibliographic archives following the lines established since 1999 in Italian university
evaluation processes, we consider only products stored in the IRIS with a publication year from
2000 to 2017. Thus, the 1,900 papers published before 2000 were not taken into account in the
further analysis.

Out of 421 statisticians, 349 were found, resulting in around an 83% author coverage rate.
This value is in line with the rate (85.1%) resulting in 2010 from the no longer updated Current
Index to Statistics (CIS) (p. 374) (De Stefano et al., 2013), a thematic database collecting worldwide
publications on Statistics, sometimes also not in the English language. However, the value is higher
than those obtained for the same Statistics subfield using WoS and a national archive (PRIN) based
on publications attached to the national funded grants (71.3% and 72.7%, respectively). This first
finding confirms the potentiality of the IRIS.

The implemented web scraping tool failed to trace 72 scholars: 59 scholars were affiliated to
three universities with IRIS platform but with restricted access, and 13 scholars were affiliated to
universities without IRIS archive. Despite the missing scholars, the resulting gender and academic
rank distributions are in line with distributions from MUR database.

The average number of all publications found for statisticians in the platform is around 52
(St.Dev. 33.2), with a difference of around 10 publications in favor of male (55.4, with St.Dev. 37.3
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for male and 46.6, with St.Dev. 27.4 for female), probably due to the gender differences in the
academic ranking distribution.

These values are extremely high if compared with those found in 2010 (Table 3, p. 375) (De
Stefano et al., 2013). They are similar to the value reported for Physics (52.5) in the COBISS
database (Kronegger et al., 2011). This finding provides further evidence of the selection bias
affecting the scientific production of target groups of scholars in international digital libraries,
pointing out the usefulness of the IRIS for Italian scholars.

The kernel density plots in Figure 1 show the distribution of publications per author by gender,
academic ranking, and university location of the statisticians found. Women, researchers, and
scholars affiliated at a university located in southern Italy have a relatively smaller average. Positive
skewness (presence of a few authors with a high number of publications) mainly characterizes
men, full professors, and scholars affiliated with a university located in northern Italy.

The total number of retrieved publications is 14,514 (with duplicates). As described in the pro-
posed data management procedure, to identify duplicates, we construct the edit distance (EDr)
matrix among all the retrieved publication titles. The distribution of the number of titles hav-
ing EDr up to 21 is shown in Figure 2. We assume that publications having ED <3 (4,172
publications) and presenting the same publication year (and when available, the same publica-
tion identifiers) can be considered the same record. This threshold was established based on
the authors’ previous experience with publication data record linkage (Fuccella et al., 2016). By
this criterion, we found 2,016 true duplicates. Most of the publications (904) are repeated twice,
and only one publication is repeated five times. To test the effectiveness of our procedure and
parameters, we performed a manual analysis of 500 random pairs of titles differing of 1 to 8 char-
acters (included). We detected no false positives (no false duplicates were mistakenly detected).
We instead detected 12 false negatives (duplicates not identified). These were mainly substan-
tial misspellings in the titles due to very poor data entry by the authors. Duplications give also a
rough estimate of the frequency and the size of inter-institutional collaborations among academic
statisticians in the target population. In particular, about 14% of the total scientific production
is derived from an inter-institutional collaboration, involving statisticians hired mainly at two
Italian universities. For the detected duplicate publications, the one with the most informative
author list (the full first name/surname of each co-author) is maintained if available; otherwise,
it is randomly chosen from the set of duplicates. After the publication data management process,
the number of publications retained without duplicates is 13,403 of the 2,016 duplicates we kept
in our dataset one instance of the publications with at least two occurrences.

4. Publication characteristics and co-authorship behavior

To store a publication in the IRIS, in addition to the mandatory fields (type of publication, pub-
lication year, title, string of authors, journal venue), the authors may fill in several other types
of information, such as the number of authors, language of product, various unique identifiers
(ISSN, ISBN, DOI, ISI-WoS or Scopus). As most could not be mandatory in the specific IRIS uni-
versity customization, they can provide, if any, useful insights into archive data quality, as well as
on author behavior and style of publication.

By considering the 13,403 publications we retrieved after the data management process, we
observed the following results.

The type of publication was missing in 26.3% of the records. Although this field was filled
in, the content was not usable in another 13% of publications. The missing data in this manda-
tory field are due to the migration from previous research archives used by universities before
the IRIS was installed where these metadata were not available or not yet correctly recovered
at the time of our extraction. We expect that in the future, such missing data will be recovered
mainly because both internal and external research evaluation exercises retrieve publication from
the IRIS platform and such evaluation is crucial for career progression, national-funded projects
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Figure 1. Kernel density plot of the distribution of IRIS publications per statisticians by gender (panel a), academic rank
(panel b), and university location (panel c).
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Figure 2. Distribution of the edit distance (EDr) up to 21 among IRIS publication titles.

participation, phd boards, and so on. In the remaining publications (representing about 60% of
the products), it appears that 38.3% of papers is published as articles in international and national
journals, 22.9% as conference proceedings, 19.6% as chapters in books, 3.4% as monographs, and
15.7% as “other” kind of publications (e.g., conference abstracts, patents, posters, technical papers,
teaching materials).

The language of the publication, a non-mandatory field, was missing in 15.8% of cases. If
present, this information revealed a high tendency to internationalization in the writing style,
with a percentage of 82.6% of the papers written in English (0.5% in other languages), and only
16.9% in Italian.

Only 23.7% and 29.7% of publications reported identifier codes of the WoS and Scopus
databases of, respectively, the two main academic literature collections, including high-quality
peer-reviewed scientific production (Aghaei Chadegani et al., 2013). It is worth to note that such
international repository identifiers, although not mandatory in several IRIS installations, can be
used in the online filling. In this case, the user does not manually insert the publication metadata
but they are directly retrieved from the external—WoS or Scopus—source.

Looking at co-authorship, the percentage of co-authored publications was around 83%. The
percentage is in line with values (about 85% on average) found in 2010 from publications in the
WosS for the same population and at national level for scholars in the scientific area of Economics
and Statistics (Abramo et al., 2013). This was likely due to the statisticians’ attitude toward working
with external co-authors involved in other disciplines in which the practice of collaboration is well
established. The average number of authors per publication was around 3 (St.Dev. 4.4), as reported
for the CIS and PRIN databases in 2010 for the same target population. This value was in line with
the findings discussed by other groups of scientists. For instance, Kronegger et al. (2011) reported
similar values for Slovenian mathematicians (2.8) and sociologists (3.7), whereas physicists and
biotechnologists show a higher value (both 4.6) in the COBISS database for Slovenian scholars.
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Figure 3. Trend of IRIS publications per statisticians, years 2000-2017.

The number of co-authored publications by Italian academic statisticians was growing faster
than the number of single-authored publications, as observed in other scientific disciplines
(Moody, 2004). We observed a significant increase in the proportion of co-authored publications
especially from 2000 to 2007 (results are provided in Figure 3). This finding confirmed the ten-
dency shown in the literature related to the global increase in collaboration as from the early 1990s
(Kronegger et al., 2011). Specifically, in the target population, the mid-2000s were crucial years for
scientific collaboration, probably in view of the increasing awareness of the central role played by
statistics in all sciences, and in everyday applications.

This general trend was confirmed across the three main characteristics available for the target
population, gender, academic ranking, and university location, with the percentage of co-authored
publications always higher than that of single-authored publications (see Figure 4). Despite these
trends in co-authorship style, a low but stable propensity in all groups to publish some publi-
cations as single authors was noted. This tendency was revealed as Italian statisticians need to
construct their academic reputation through independent scientific production, as shown in other
studies (MCDowell et al., 2006).

5. Conclusions

The present contribution discusses issues in the bibliographic data collection process when pub-
lications for a specific community are retrieved by using online platforms. To reconstruct the
scientific collaboration style of Italian academic statisticians, the IRIS archive available at most
Italian universities was adopted. Although it has guaranteed a high coverage rate of the target
population and its scientific production with respect to other digital sources, many aspects under-
mining data quality were managed during the process of collecting data from this bibliographic
source.

After the web scraping step to retrieve publication information, data management tools were
used to detect duplicate records and to reconcile authors. Given that each institution hosts its
own IRIS deployment, the systems are heterogeneous, with only a few fields fixed and manda-
tory, and with no standard rules for inserting information. As a result, many missing data were
obtained, even for expected mandatory fields such as the type of publication. Product and author
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(panel ), years 2000-2017.
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name duplications should be addressed before the co-authorship network is constructed. After
data cleaning to reconcile publication records detecting duplicates, as proposed, the recognition
of internal and external authors of the same publications must be considered by author disam-
biguation tools, to obtain good co-authorship data quality among scholars affiliated with different
universities and with other institutions in Italy or abroad.

Nevertheless, interesting insights into the publication and collaboration style of Italian aca-
demic statisticians are derived. Collaboration is an active and increasing practice among scholars
in this specific group, although the number of single-authored publications remains low but stable.
Beyond the valuable production published with other authors (sometimes from different scien-
tific fields given the wide interdisciplinarity of statistical methods and their applications), this can
be motivated by the need to show one’s own academic reputation, perhaps fairly appreciated in
career progression. Most of the publications were written in English, allowing the access of results
of Italian research for the international scientific community. With respect to the total number
of products, as shown in other scientific fields and countries, women as a whole produce less
publications than men. Although limited to a small group of Italian scientists, these results pro-
vide evidence of the high potential of the IRIS to become the bibliographic source for scientific
production and co-authorship analyses in Italy. With respect to very recent results on the same
population observed at the end of 2020 and composed by 455 statisticians, Bacci et al. (2021) were
able to trace the 97.8% with at least one publication in the Scopus database. Despite this high cov-
erage, they retrieved an average number of around 27 publications against the average number of
around 52 publications found in IRIS. The number of Universities affiliated to IRIS is increasing
(they were 77 at June 2020), and currently no Universities are limiting the access to their data.
Therefore, the IRIS platform - accounting for the complete author production - allows a deeper
analysis of research collaboration of Italian academic scholars than international databases, (e.g.,
international vs national collaboration, disciplinary vs interdisciplinary collaboration, different
co-authors related to different types of production, etc.). Moreover, since IRIS automatically links
WoS and Scopus publication identifiers, it is possible to recognize the different types of production
and compare results.

Furthermore, the data quality issues affecting IRIS data source are common to similar studies
where the purpose is to account for the complete co-authorship ties of a target population, using or
combining the available digital archives. To adequately fulfill CRIS requirements of national-level
archives, the drawbacks of the university-based source must be managed. To this aim, common
insertion rules of the author name must be defined, and, of particular importance for the study of
scientific collaboration, both authors and their affiliations must be indexed, including the coun-
try as a validated record. To guarantee complete and comparable coverage of all (scientific and
scholarly) publication output (papers, books, edited volumes, conference series, etc.), publication
information must be mandatory. To reduce the manual author burden, the system could automat-
ically link the available data on editor and conference websites, in the same way of the current link
to the WoS and Scopus databases. If reaching conditions are achieved, the IRIS platform could
ensure complete, verifiable, and structured data for bibliometric and co-authorship analysis in
Italy, as guaranteed in similar repositories active in European and non-European countries.

We would like to outline that the considerations on data quality are made at the overall two-
mode network level which is the standard starting point of a co-authorship network analysis. In
particular, we highlighted the issues that an online bibliographic retrieval can influence the struc-
ture of the two sets, authors by papers. The inconsistencies and the measurement errors at the
level of author and paper sets also affect dyadic-dependent measures of the one-mode projection
network, author-by-author. For instance, the node splitting or merging because of name inconsis-
tencies can artificially alter substructures count (likewise dyadic and triadic motifs) thus obtaining
misleading network results.
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Notes

1 A useful example of data integration and data quality issues from different archives to reconstruct publication histories of
Nobel prize winners, exploiting both manual inspection and algorithmic disambiguation procedures, is provided in Li et al.
(2019).

2 We note that it could be also of interest to analyze collaboration by considering team works (Contractor, 2013; Jones et al.,
2008) and participation in research projects (Bellotti et al., 2016).

3 The platform was developed by the Cineca consortium https://wiki.u-gov.it/confluence/pages/releaseview.action?pageld=
51810588.

4 For instance, see the Brasilian Plataforma Lattes, http://lattes.cnpq.br/ currently in use since 1999; the US StarMetrics,
https://www.starmetrics.nih.gov/; the European CERIE http://www.eurocris.org/Index.php?page=featuresCERIF; the
Norvegian CRISTIN https://www.cristin.no/english/, or the Slovenian COBISS, https://www.cobiss.si/en/.

5 For details, see https://hackage.haskell.org/package/tagsoup.

6 In the case of papers published on indexed journals, a new feature of the platform was recently introduced that consists of
retrieving bibliographic information from international databases (WoS or Scopus).

7 As reported in Fuccella et al. (2016), the procedure uses compatibility “transitively,” allowing the detection of misspellings
of more than one character. An example is that of the surname “Mendoly," “Mendol” and “Mendola” were merged at one
step; “Mendola” and “Mendiola” at a second step. As a result, also “Mendol” and “yMendiola” were merged, even though
they differ of two characters.

8 In the context of author disambiguation, precision is the fraction of correctly disambiguated author instances among all
disambiguated instances, while recall is the fraction of correctly disambiguated author instances among all author instances
in the dataset.

9 For research and teaching reasons, at Italian universities each scholar is classified in one, and only one, of the 370 academic
fields named “scientific disciplinary sectors,” https://www.cun.it/uploads/storico/settori_scientifico_disciplinari_english.pdf.
Academic scholars in the Statistics discipline are subdivided in five scientific disciplinary sectors: Statistics with 421 schol-
ars in 2017, Statistics or Experimental and Technological Research with 20 scholars, Economic Statistics with 145 scholars,
Demography with 70 scholars, and Social Statistics with 65 scholars.
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