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Abstract The present paper aims at describing the scientific collaboration patterns
of the Italian academic statisticians by exploiting the information retrieved through
different bibliographic archives (ISI-WoS, Current Index to Statistics), and the bib-
liographic information of the database of nationally funded research projects. A
data merging procedure is adopted to obtain a unified dataset containing both top-
international as well as nationally oriented production. The unified dataset will be
used as basis for network analysis.
Abstract Obiettivo del presente lavoro è descrivere la struttura della collabo-
razione scientifica tra gli statistici accademici italiani attraverso l’utilizzo di di-
versi archivi bibliografici (ISI-WoS, Current Index to Statistics) e le informazioni
bibliografiche presentate nei progetti PRIN finanziati. Una procedura di fusione è
adottata al fine di ottenere un’unica base dati contenente la produzione scientifica
sia internazionale che nazionale. La rete di collaborazione cosı̀ derivata è studiata
mediante le tecniche di analisi di rete.
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1 Introduction

Among the widespread applications of Social Network Analysis (SNA), the study
of scientific collaboration within disciplines is one of the topic that most benefited
from this approach in the last decades. It is straightforward to think about collabo-
ration among scientists as a network, in which the actors are scholars and ties may
be represented by various forms of collaboration among them. The interest in col-
laboration networks lies in the fact that long-term trends in scientific work as well
as scientist’s productivity might closely depend on the topological features of dis-
ciplinary networks. Mainly thanks to the availability of international bibliographic
databases, several seminal studies in various fields focused on co-authorships as a
proxy of scholars’ collaborative skills (e.g. [2] for Physics, Mathematics and Neu-
rosciences).

The present paper aims at analyzing co-authorship patterns in Statistics, focus-
ing on Italian academic statisticians belonging to one of the five Statistics subfields,
as recorded in the Italian Ministry of University and Research (MIUR) database in
March 2010. Attention to this community derives from several motivations. Unlike
other disciplines, co-authorship behaviour in Statistics has not yet been investigated.
The field of Statistics presents some characteristics common to natural sciences as
well as social sciences. Even if it is usually considered in the stream of social sci-
ences - especially in the Italian academic tradition - it plays a central role in all
sciences in view of the importance of statistical methods in everyday applications
[5]. Therefore, it is of interest to examine what emerging pattern describes the dif-
fusion of statistical knowledge –although limited to a country level community.

To the best of our knowledge, only few studies have been specifically devoted
to the Statistics field. Baccini et al. [1] explore the structural properties of the net-
work generated by the interlocking editorships of editorial boards around the 81
statistical journals included in the category “Statistics & Probability” of Web of
Science (WoS). Evidences of a very compact network are found. This is interpreted
as the result of a common perspective about the appropriate methods for investi-
gating the problems and constructing the theories in the domain of Statistics. De
Battisti and Salini [6] investigate the publication style of Italian academic statisti-
cians from several data sources (WoS, Scopus, Current Index to Statistics –CIS–,
and Google Scholar) through robust clustering techniques. The authors recognize
that the use of a single data source can led to biased and partial results. Lastly, co-
authorship networks of Italian statisticians derived from three bibliographic archives
(WoS, CIS, and bibliographic information retrieved from the database of nationally
funded research projects, PRIN) were extensively analysed in [7] with the specific
aim to explore the effect of different data sources on the resulting network patterns.
Results provide evidence of distinct collaboration patterns among statisticians, as
well as distinct effects of scientist network positions on scientific performance, by
both Statistics subfield and data source.

Because each data source presents peculiar characteristics affecting network re-
sults, in this study we aim at merging bibliographic data of the three databases to
obtain a complete unified archive containing both top-international as well as nation-
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ally oriented scientific production and to use it as a new basis for network analysis.
Specifically, two main challenges are managed to obtain a single co-authorship net-
work: how to combine information from heterogeneous sources by identifying and
linking duplicate records (i.e. record linkage), and how to deal with issues related to
authors synonyms and homonimies issues (i.e. name disambiguation).

2 Co-authorship networks from different bibliographic archives

In the previous study [7], the aim was to analyze the scientific collaboration of
Italian academic statisticians by comparing network results obtained using three
bibliographic archives in the definition of co-authorship relations. Before obtaining
co-authorship data, a data cleansing step was carried out within the bibliographic
data gathered through the data sources in order to identify clean publication data set
for each statistician in the target population. Specifically, the removal of publica-
tion records erroneously attributed to authors due to the homonymy problem, was
especially present in WoS.

Formally, for each data source the co-authorship network was derived from the
matrix product Y = AA′, where A is a n× p affiliation matrix, with elements aik
assuming the value 1 if i ∈N (the set of n authors) authored the publication k ∈
P (the set of p scientific publications observed on the n authors), 0 otherwise.
The matrix Y is the undirected and valued n×n adjacency matrix with element yi j
greater than 0 if i, j ∈N co-authored one or more publications in P , 0 otherwise.
The binary version of Y, setting all entries in the valued adjacency matrix greater
than zero to 1, was used in the analysis.

The collaboration patterns of Italian statisticians were influenced to some extent
by the features of each data source. First, a different authors coverage rate was ob-
tained for all statisticians, and in particular for some subfields and by considering the
academic ranking. The lowest value is observed in the international database WoS
(61.0%), especially for the subfields of Demography (40.0%), Economic Statistics
(42.5%) and Social Statistics (50.0%). The full professor coverage rate is also lower
in WoS database (65.0%) with respect to the other two sources (respectively 90.0%
in CIS and 83.0% in PRIN).

WoS appeared as the data source in which the average number of co-authors for
each statistician is extremely high, being affected by the presence of few statisticians
with a large number of co-authors.

Patterns consistent with well-established network structures are found out in CIS
database. CIS captured internationalisation openness by research topics and publi-
cation style, while WoS mainly captured the tendency towards an interdisciplinary
behavior. Finally, PRIN combined some of CIS and WoS characteristics, although
referred only to the selected publications by project’s managers and members.

In summary, the choice of bibliographic archives to be considered in order to
study scientific collaboration through co-authorship relations must be carefully ex-
amined according to the aims of the analysis.
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3 Towards a combined co-authorship network

To get a co-authorship network by exploiting the usefulness of the three data
sources, two main challenges have to be addressed: 1) how to combine informa-
tion from heterogeneous sources by identifying and linking duplicate records (i.e.
record linkage), and 2) how to deal with issues related to authors synonyms and
homonimies (i.e. name disambiguation). To this aim, we first adopt a record linkage
procedure to merge the three bibliographic archives in one unique database then we
cope with authors disambiguation to guarantee the quality of the data for network
analysis.

3.1 Data sources linkage

The record linkage of metadata in Digital Libraries (DLs) is a very sensitive issue.
It refers to “the task of identifying records from disparate data sources that refer to
the same entity” [10, p. 245], often used to define integrated information systems in
statistical setting [13]. In recent years computer-oriented record linkages methods,
which ensure a high efficiency and scalability on large data sets, are reported in the
literature [8, 9, 17, 4].

Given the relatively small number of records in the three data sources, we opted
for a semi-automatic method, which requires human intervention to resolve situa-
tions of uncertainty. We adopted this procedure because of the presence of errors
and omissions in the original datasets (e.g., misspellings in the names of authors
and titles, discrepancies in the name of the venue, lack or inaccuracy in the year of
publication), especially in PRIN.

In order to perform the linkage of the three sources, we proceeded with the com-
monly used approach of matching the sources in pairs and then perform a reconcil-
iation of possible discrepancies [14]. In particular, we used the following distance
functions on each of the key fields:

• Co-authors: Jaccard distance between the set of surnames of the authors of the
two records (dA).

• Title: error rate measure derived from the edit distance between the two com-
pared strings. In particular, we defined the distance as:

dT = Ld(t1, t2)/max(|t1|, |t2|)

where the numerator is the Levenshtein distance between t1 and t2 and the de-
nominator is the maximum length of the two compared titles.

• Year: absolute value of the difference between the years of publication (dY ).

All strings were lower-cased before any comparison. The overall distance is de-
fined as a 3-tuple (dA,dT ,dY ), where each element is the distance calculated as de-
scribed above on the three key fields. We established a threshold for the distance
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on each element and automatically linked the pairs whose distances were below the
following thresholds: the couples having dT < 10%, dA = 0 and dY = 0. The cou-
ples having dT < 20% and dA ≤ 1 (except those already automatically linked) were
manually inspected to establish whether to link them. The resulting unified archive
contains 8735 publications, and its composition is shown in Fig.1.

Fig. 1 Number of publications in the unified archive after record linkage by data sources (circle’s
size proportional to the number of publications in each data source).

3.2 Author disambiguation

Once the unique database is defined, the problem of author’s disambiguation should
be addressed by different methods. It “occurs when one author can be correctly re-
ferred to by multiple name variations (synonyms) or when multiple authors have
exactly the same name or share the same name variation (polysems)” [16, p. 680].
More formally [3, 16], given the set of citations C = {c1,c2, . . . ,ck}, where each
citation ci contains some author’s attributes (such as author names, affiliation, work
title and publication venue title), the name disambiguation task is to define a func-
tion to partition the set of citations into n sets {a1,a2, . . . ,an}, where each partition
ai contains the citations of i-th author.

A myriad of recent studies are devoted to name disambiguation methods in bib-
liographic DLs (for a recent survey see [11]) in computer science, sociological and
linguistic setting by covering supervised, unsupervised or semi-supervised tech-
niques. Here due to the lack of training data, we opt for an unsupervised method
and in particular for the techniques described in [12, 15]. These methods have the
advantage of operating directly on a collaboration network and of requiring a re-
stricted set of data attributes (co-author names, work title, and publication venue).
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Therefore, they are very well suited to our needs given the information available in
the unified archive. Basically, we follow a two phase procedure. In the first phase, a
clustering step is executed: the method identifies the set of name occurrences which
are likely to refer to a single individual; in the second phase, the method uses col-
laboration links to further merge names belonging to connected components into
single identities.

The combined co-authorship network will then be used to analyse collaborative
behaviour among Italian statisticians in a comparative way with respect to the find-
ings in [7] referred to the three data sources.
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