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In the  context  of  research  collaboration  and  co-authorship,  we studied  scholars’  scientific
achievements  and  success,  based  on  their collection  of shared  publications.  By means  of a
novel regression  model,  which  exploits  the  two-mode  structure  of co-authorship,  we  trans-
lated  paper  scientific  impact  into  author  professional  achievement,  to  simultaneously  account
for the  effect  of paper  properties  (access  status,  funding  bodies,  etc.)  as  well  as  author
demographic  and  behavioral  characteristics  (gender,  nationality)  on  academic  success  and
impact.  After  a detailed  analysis  of  the  proposed  statistical  procedure,  we  illustrated  our
approach  with  an  empirical  analysis  of a co-authorship  network  based  on 1007  scientific
articles.

© 2017  Elsevier  Ltd.  All  rights  reserved.

. Introduction

The high specialization of scientific research, the interdisciplinary character of most projects and the increased funding
f cross-institutional initiatives have made researchers take part in scientific collaboration (Haeussler & Sauermann, 2013;
eixeira, 2011; Wuchty, Jones, & Uzzi, 2007).

Co-authorship networks are among the most tangible forms of collaboration structures (De Stefano, Giordano, & Vitale,
011; Glänzel & Schubert, 2005; Liu & Xia, 2015; Newman, 2004). They can be seen as two-mode networks, where two
ypes of “nodes” (authors and papers) are connected. Studies on co-authorship networks have mostly focused on structural
haracteristics, both at the global network level (Newman, 2004) and local node level (Leem & Chun, 2015; Uddin, Hossain,

 Rasmussen, 2013). The first one considers global properties of the network, such as the density, the transitivity, or the
verage path length (Castro & Nasini, 2015). In contrast, the local node level focuses on the analysis of individual nodes and
heir local neighbors.

To put it into context, local properties of papers and authors serve as indicators of research quality and can jointly be
sed to account for the paper scientific impact and the author professional achievement in the two-mode network of shared
ublications. In fact, the fundamental dynamics of modern research communities is based on the periodic generation of
apers by joint groups of authors (Li, Liao, & Yen, 2013; Ortega, 2014; Yan & Ding, 2009). The research impact or scientific

utcome of a paper is reflected by the quality (rank and prestige) of the journal it is published in and by the number of
itations it receives after publication. From a co-authorship viewpoint, such a scientific outcome directly translates into
n achievement for each author and provides a way  to measure authors’ scientific productivity and research quality. This
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duality between paper scientific impact and author professional achievement encodes the very fundamental dynamics of
modern research communities.

Various metrics have been proposed to evaluate and predict research quality at both author and paper levels. A widely
used measure of scientific impact at paper level is citations, with a growing body of literature trying to discover their
determinant factors (Annalingam, Damayanthi, Jayawardena, & Ranasinghe, 2014; Bornmann & Daniel, 2008; Didegah &
Thelwall, 2013; Dong, Johnson, & Chawla, 2015; Tahamtan, Safipour Afshar, & Ahamdzadeh, 2016). Some of the factors that
have been mentioned in these studies are: reputation of the author and the research group (Leimu & Koricheva, 2005; Yu,
Gu, Zhou, & Han, 2012), the publication venue (conference/journal) (Larivière & Gingras, 2010; Yu et al., 2012), language of
the paper (Diekhoff, Schlattmann, & Dewey, 2013; Hurley, Ogier, & Torvik, 2013), the number of co-authors (Vanclay, 2013;
Vieira & Gomes, 2010), professional age (Hurley et al., 2013), gender (Lariviere, Ni, Gingras, Cronin, & Sugimoto, 2013; Rigg,
McCarragher, & Krmenec, 2012), international collaboration (Low, Ng, Kabir, Koh, & Sinnasamy, 2014; Sooryamoorthy, 2009;
Tahamtan et al., 2016) and open access (Eysenbach, 2006; McCabe & Snyder, 2014), amongst others.

Journal impact factor (IF) is another recognized measure of scientific impact, which has acquired a major role in the
evaluations of the output of scholars, departments and whole institutions. Typically, papers appearing in journals with a
higher IF, receive more citations (Didegah & Thelwall, 2013; van der Pol, McInnes, Petrcich, Tunis, & Hanna, 2015; van Eck,
Waltman, van Raan, Klautz, & Peul, 2013) and a high weight in such evaluations (Pan & Fortunato, 2014).

At author level, in the literature, there are several metrics of individual impact, with the h-index being the most popular
measure by far. The main advantage of the h-index is that it combines a measure of quantity and impact in a single indicator
(Costas & Bordons, 2007). However, a list of disadvantages of this index have been pointed out by Glänzel (2006), Bornmann
and Daniel (2007b) and Jin, Liang, Rousseau, and Egghe (2007). Author Impact Factor (AIF) is another proxy of the authors’
professional achievements, which is the extension of the IF to authors (Pan & Fortunato, 2014; Petersen et al., 2014).

Both author and paper level metrics play an important role in how individuals, research groups, journals, academic
departments, institutions and countries are evaluated and ranked (Ding, Rousseau, & Wolfram, 2014). These bibliometric
indicators are also used as one criterion in the evaluation of grant proposals and research institutes or in hiring committees
for faculty positions.

The goal of this work is to provide a unified approach for the analysis of research impact and quality in co-authorship
structures. By means of a novel regression model, which exploits the two-mode network of co-authorship, we translate paper
scientific impact (number of citations and rank of the corresponding journal) into author professional achievement (average
number of citations and average rank of the corresponding journals). This provides a comprehensive statistical approach
that uses paper and author information in a predictive bibliometric analysis. The underlying assumption is that the expected
impact of a paper depends not only on the characteristics of a paper (such as access status, funding bodies, etc.), but also on
the characteristics of the authors (such as genders and nationalities). Similarly, the expected professional achievement of the
author depends on their demographic and behavioral properties, as well as on the characteristics of the papers they coauthor,
projected into the author dimension through the two-mode structure. This two-mode regression allows to simultaneously
account for the effect of paper properties as well as author demographic and behavioral characteristics on academic impact
and success.

From a statistical viewpoint, the proposed methodology can be included in the list of regression-like modeling approaches
for networked data, i.e. regression models which internalize the cross-section dependencies between statistical unites based
on a specified structure of network proximity. In this respect, an early settlement of the problem has been addressed by
Doreian (1982), who presented it as a generalization of the spatial effects linear model and the linear model with spatial error
terms. In the same year Dow, Burton, and White (1982) provided a simulation study of the consequences of ignoring the
network autocorrelated disturbance. Robins, Pattison, and Elliott (2001) designed one of the first modeling approaches in the
context of the Exponential Random Graph Models for individual properties and network structure, which has been recently
extended by Nasini, de Albeniz, and Dehdarirad (2017). Likewise, Giordano and Vitale (2011) and Giordano and Scepi (2012)
proposed a statistical framework in the context of Conjoint Analysis which allows the inclusion of social network data as
relational constraints. As an alternative made necessary by our specific data setting, the two-mode regression is based on the
projected information of both layers into a common author and paper dimension, rather than on the inclusion of network
autocorrelated error terms.

After a detailed analysis of the proposed statistical methods, we illustrate our approach with an empirical study of the
co-authorship network based on 1007 scientific articles.

The paper is organized as follows. Section 2 introduces the statistical methodology used for the analysis. The co-authorship
data set is described in Section 3. The empirical results, corresponding to the descriptive and the predictive analysis, are
presented in Section 4. Section 5 provides a detailed discussion about the bibliometrics insights and conclusions. All the
mathematical proofs of propositions are reported in Appendix A.

2. Methodology
The statistical methodology for the analysis of the research impact in co-authorship structures is presented in this section.
Let P be a set of papers with m = |P| and A  a set of authors with n = |A|. A two-mode network is defined as a set of

connections between a primary and a secondary layer, P and A, which we also refer to as individual and item dimension,
respectively. These connections are represented in matrix form W ∈ {0, 1}n×m. There are different approaches to project
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ne layer into the other to obtain both one-mode structures: a paper–paper network (articles sharing authors), which is
ssociated to the set of connections between papers, EP ⊆ P × P, and an author–author network (co-authorship), which is
ssociated to a set of connections between authors, EA ⊆ A  × A. Let DP ∈ R

m×m and DA ∈ R
n×n be the diagonal matrices

hose components correspond to the number of authors per paper and the number of papers per author, respectively. We
efine WA = D−1

A W ,  WP = WD−1
P and both projections of the two–mode structure into the one–mode paper–paper network

AP = WAWP and author–author network WPA = WT
P WA. The (i, j) component of WAP is a real number between zero and one,

enoting the strength of the relation between paper i and j (it is equal to one when i and j have the same authors and zero
hen both articles share no author). The (i, j) component of WPA can be interpreted in the same way. Additional one–mode

tructures which can be derived from W are WAA = WT
A WA and WPP = WT

P WP . Matrices WAP and WPA are row-stochastic,
hereas matrices WAA and WPP are not.

Finally, for each node in either layer, the following collections of variables are defined: O  is the set of nodal outcomes (in
ur application O  = {citations, impact factor}); KP is the set of paper characteristics (access status, funding bodies, etc.); KA

s the set of author characteristics (gender, nationality, etc.).1 In the rest of the paper, the collection of nodal characteristics
P and KA are considered as exogenous co-variates, whereas the observed nodal outcomes O  are regarded as endogenous

esponse variables in our modeling framework. Precisely, for i ∈ P and o ∈ O, variable y(P,o
i

∈ R  denotes the oth outcome
f the ith item. Similarly, the quantity xP

ih
∈ R  corresponds to the hth nodal characteristics of the ith item. The vector

otation y(P,o = [y(P,o
1 . . .y(P,o

m ] and xP
h

= [xP
1h

. . .xP
mh

] is used, for each h ∈ KP . Based on the two-mode structure, item outcomes
(P,o can be projected into the secondary layer, resulting in the corresponding individual outcomes y(A,o, for each o ∈ O,
.e. y(A,o = (D−1

A W)y(P,o. In other words, the scientific impact in the individual dimension is computed by averaging the
orresponding impact in the item dimension. Thus, authors’ professional achievements are measured in terms of the average
itations and the average impact factors of the corresponding journals, allowing to directly translate paper citations and
mpact factors into authors average citations and average impact factors.2

Two levels of statistical analysis of the research impact in co-authorship structures are presented in this section.

.1. Descriptive analysis: assortative patterns in co-authorship

This level of analysis provides an exploratory description of the associations between nodal properties (either paper and
uthor characteristics XP and XA or paper and author scientific outputs y(P,o and y(A,o) in both structures of connections EP and
A. Network assortativity was first studied by Newman (2001), who proposed a measure which describes how nodes tend
o connect with similar others. Generally, the assortativity of a network is determined in terms of the degree (number of
irect neighbors) of nodes. However, it may  be extended to other nodal characteristics, such as the measures of transitivity
nd centrality.3

In our context, the interest is in the assortative pattern, given by the association between paper and author characteristics,
P and XA on the one hand, and paper and author scientific outputs, y(P,o and y(A,o, on the other. Thus, our interest is in
ssortativity indexes of the form

Assortativity ≡ Sim(z, Az) ∈ R
q

or specified vector of properties z ∈ R
q, an adjacency matrix A ∈ R

q×q, and a given specification of the similarity measure
im(). Different similarities measures can be considered, such as the absolute difference, Pearson-correlation coefficient, or
he inner-product. When multiple variables are taken into account a matrix of cross-similarities can be defined, based on
he inner-product specification. The following are inner-product matrix similarities between author characteristics and paper
haracteristics respectively:

Sim(XP, WPPXP) = XT
P WPPXP ∈ R

m×m and Sim(XA, WAAXA) = XT
AWAAXA ∈ R

n×n.
 global assortativity in the paper–paper network and author–author network is obtained as the traces of Sim(XP, WPPXP)
nd Sim(XA, WAAXA) respectively.

Sometimes, assortativity measures are calculated with respect to network properties, such as nodal centralities and
ransitivities. In the co-authorship context, a particular attention is given to the role played by network centrality in both

1 These paper and author properties have been selected based both on their relevance in the recent literature concerning their effect on citations (see
ection 5) and on an exploratory statistical analysis which have been preliminarily conducted to enlighten their association and impact on paper and author
utcomes.
2 Due to its intrinsic dynamic character, the average impact factor is capable to capture trends and variations of the impact of the scientific output of

cholars in time, unlike the h-index, which is a growing measure taking into account the whole career path. Furthermore, cumulative measures such as the
-index consider only the best publications and do not penalize low quality work. Given the above-mentioned advantages of average impact factor over
-index and the disadvantages and inconsistencies in the way in which scientists are ranked by the h-index as indicated in as also indicated in Glänzel
2006), Bornmann and Daniel (2007b), Jin et al. (2007) and Waltman and Van Eck (2012), in this paper the average impact factor was preferred over the
-index.
3 Recently, there have been different attempts to address alternative assortativity measures (Abramson et al., 2014; Piraveenan, Prokopenko, & Zomaya,

008), which aim to quantify the assortative mixing for individual nodes at a local level.
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structures of connections EP and EA. Centrality measures are typically adopted to identify important nodes within a network,
based on different definition of the term importance. We focus on four measures – degree, eigenvector, betweenness and
closenness4 – and study their pattern of association with other characteristics. The joint bibliometric interpretation of these
analysis provides a deeper understanding about how the distribution network centrality translates into paper and author
scientific prominence.

2.2. Predictive analysis: two-mode regression

The second level of analysis requires the use of two bivariate linear models, one for each network layer. The idea is
to combine the explanatory power of both item and individual characteristics, KP and KA, when modeling the scientific
outcome of either dimensions. These properties were chosen because they have been significant and effective determinants
of citations in many previous studies, as indicated in Tahamtan et al. (2016) comprehensive review of factors affecting
number of citations.

Precisely, this regression approach aims to explain scientific impact of either dimensions in their probabilistic relations
with item and individual characteristics, i.e.

E[y(P] = ˇP
TXP + WA(ˇA

TXA) and E[y(A] = ˇA
TXA + WT

P (ˇP
TXP), (1)

where y(P, y(A are vectors of papers and authors overall outcomes (citations and impact factor), E[ · ] is the expectation
operator, and ˇP and ˇA are corresponding regression coefficients.

Both expectations rely on paper and author properties through their two-mode projection, W.  In the first case, the
assumption is that the expected paper scientific impact E

[
y(P

]
depends not only on papers characteristics (such as the

access status and the number of authors), i.e. ˇP
TXP, but also on characteristics of the their corresponding authors (such

as genders and nationalities), projected into the paper dimension through a two-mode structure, i.e. WA(ˇA
TXA). Similarly,

in the second case, the expected author professional achievement E

[
y(P

]
depends on their demographic and behavioral

properties, ˇA
TXA, as well as on the characteristics of the papers they coauthor, projected into the author dimension through

the two-mode structure, i.e. WT
P (ˇP

TXP).
Our estimates of ˇP and ˇA are based on minimizing the sum of squared residuals, resulting in the following error functions

associated to the paper and author level regressions respectively5:

e(P(ˇP, ˇA) = (y(P − ˇP
TXP − WA(ˇA

TXA))
T
(y(P − ˇP

TXP − WA(ˇA
TXA))

e(A(ˇP, ˇA) = (y(A − ˇA
TXA − WT

P (ˇP
TXP))

T
(y(A − ˇA

TXA − WT
P (ˇP

TXP))

where y(P, y(A, XP and XA are treated as observed response variables and co-variates respectively. The first order conditions
entails[

ˇP

ˇA

]
=

[
(XT

P XP)
−1

XT
P (y(P − WAXAˇA)

(XT
AWT

A WAXA)
−1

XT
AWT

A (y(P − XPˇP)

]
(2)

and [
ˇP

ˇA

]
=

[
(XT

P WT
P WPXP)

−1
XT

P WT
P (y(A − XAˇA)

(XT
AXA)

−1
XT

A(y(A − WPXPˇP)

]
(3)

correspondingly for e(P(ˇP, ˇA) and e(A(ˇP, ˇA). It results that the two  estimations of ˇP and ˇA might not necessarily coincide
under the paper and author layout y(P and y(A.

To characterize the behavior of ˇP and ˇA under the two aforementioned layouts, four projection operators are

playing an important role: HWA = WAXA(XT
AWT

A WAXA)
−1

XT
AWT

A , HP = XP(XT
P XP)

−1
XT

P , HWP = WPXP(XT
P WT

P WPXP)
−1

XT
P WT

P , and

HA = XA(XT
AXA)

−1
XT

A .
The two straightforward conditions to guarantee the uniqueness of the estimation under the two  different layouts are:
(i) papers exogenous characteristics KP having no effect on the scientific impact in both dimensions, i.e. ˇP = 0; (ii) authors
exogenous characteristics KA having no effect on the scientific impact in both dimensions, i.e. ˇA = 0. In the first case, E[y(P] =
WT

A (ˇT
AXA) and E[y(A] = XAˇA, so that from (2) and (3) we respectively deduce that E[y(P] = HWAE[y(P] and E[y(A] = HAE[y(A].

4 The nodal degree was  the first used index of centrality, defined as the number of links incident upon a node (i.e. the number of ties that a node has).
The  eigenvector centrality assigns relative scores to all nodes incident upon a node, so that high-scoring nodes contribute more to the score of the node in
question than equal connections to low-scoring nodes. By contrast, betweenness and closeness centrality indexes are both based on the idea of proximity
and  inclusion of a node within large collections of others.

5 Note that the ordinary least square estimator coincides with the corresponding maximum likelihood estimators when the error term is normally
distributed.
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his implies that ˇP is unique in both dimensions if the paper outcomes E[y(P] belong to the columns space of XT
AWT

A – that
s to say, they are generated by the projected author characteristics – and the author outcomes E[y(A] belong to the columns
pace of XT

A – that is to say, they are generated by the author characteristics.

A similar reasoning is valid for the second case, where E[y(P] = XPˇP and E[y(A] = WT
P (ˇT

PXP). This entails E[y(A] =
HPE[y(A] – that is to say, authors outcomes are generated by the projected paper characteristics – and E[y(P] = HPE[y(P] –

hat is to say, papers outcomes are generated by the paper characteristics.
The following proposition provides a weaker condition for the consistency of both estimations, based on spectral prop-

rties of the co-authorship structure.

roposition 1. We claim that the author co-variates XA and the estimated author effects ˇA are consistent with the two-mode

rojections of scientific outcomes E[y(A] = Ŵ
T
PE[y(P] if and only if (ˇT

AXA) is the eigenvector centrality measure in the author–author
etwork.

This is in line with the idea that the author centrality entirely depends on its demographic and structural properties KA.6

roposition 2. Consider a Gaussian error on the paper and author outcomes, with respective expectations �P = bT
PXP +

A(bT
AXA) and �A = bT

AXA + WT
P (bT

PXP), and variances �2
P and �2

A , where bP and bA are the true values of the regression coefficients
nder the two models. Based on the paper layout y(P, the ordinary least square estimators (2) are

ˆ̌
P∼N

(
BWA�P, �2

P BWABT
WA

)
and ˆ̌

A∼N
(

BP�P, �2
P BPBT

P

)
.

here BWA = (I − (XT
P XP)

−1
XT

P HWAXT
P )

−1
(XT

P XP)
−1

XT
P (I − HWA) and BP = (I − (XT

AWT
A WAXA)

−1
XT

AWT
A HPXAWA)

−1
(XT

AWT
A WAXA)

−1

T
AWT

A (I − HP). Similarly, based on the author layout (3), we claim that

ˆ̌
P∼N(BA�A, �2

ABABT
A) and ˆ̌

A∼N(BWP�A, �2
ABWPBT

WP).

here BA = (I − (XT
P WT

P WPXP)
−1

XT
P WT

P HAXPWP)
−1

(XT
P WT

P WPXP)
−1

XT
P WT

P (I − HA), and BWP = (I − (XT
AXA)

−1
XT

AHWPXT
A)

−1
(XT

AXA)
−1

T
A(I − HWP).

The main consequence of Proposition 2 is the degeneracy of the sampling distributions of ˆ̌
P and ˆ̌

A under the paper layout
(P, when the paper properties XT

P are collinear to the projected author properties XAWA. By analogy, the same degeneracy

appens to the sampling distributions of ˆ̌
P and ˆ̌

A under the author layout y(A, when the author properties XT
A are collinear

o the projected paper properties XPWP. An immediate implication of this fact is a new level of multicollinearity which might
ppear in the two-mode regression (see Section 4.2).

A complementary result is the behavior of the sampling distributions of ˆ̌
P and ˆ̌

A when paper and author information are
ully independent. Under the paper layout y(P, when the paper properties XT

P are orthogonal to the projected author properties
AWA, the variance of the estimators reduce to

V[ ˆ̌
P] = �2

P (XP, XT
P )

−1
and V[ ˆ̌

A] = �2
P (Sim(XA, WAAXA))−1 (4)

imilarly, under the author layout y(A, when the author properties XT
A are orthogonal to the projected paper properties XPWP,

he variance of the estimators reduce to

V[ ˆ̌
P] = �2

A(Sim(XP, WPPXP))−1 and V[ ˆ̌
A] = �2

A(XA, XT
A)

−1
(5)

oth cases coincide to the well known variance structure of a multiple linear regression (XA, XT
A)

−1
and (XP, XT

P )
−1

when the
o-authorship structure is trivially disconnected (each paper is published by a unique author, and each author publishes a
nique paper).

This modeling framework will be used in Section 4.2 to predict citation and impact factors at both layers based on the
ombined item and individual characteristics.

. Data selection and processing

The data set used in this study contains the scientific publications indexed in the WOS  database between 2009 and 2013
n Neuroscience (as a field of subject category WC). A collection of 153.182 research papers were retrieved and a stratified

andom sampling has been conducted to re-sample from the retrieved set of papers – a 3% sampling error and 95% of level of
onfidence have been used to determine the sample size. Table 1 shows the total number of publications and the stratified
ample size per year in the studied field.

6 A penalized regression approach can also be conceived based on the proximity between ˇ
T
AXA and (WTD−1

P
)
T
(D−1

A
W)(ˇT

AXA). This would allow for a
tronger consistency of the two levels of estimations in the individual and item dimensions.
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Table 1
The total number of publications and the stratified sample size, 2009–2013.

Year # publications (%) Stratified sample size

2009 28,819 (18.81%) 199
2010  30,154(19.69%) 208
2011 31,030 (20.26%) 214
2012 31,265 (20.41%) 218
2013 31,914 (20.83%) 221

Total 153,182 1060

Table 2
Number of authors per gender and nationality in the stratified sample of Table 1.

# authors (%)

Genders
Male 3499 (64.96%)
Female 1886 (35.04%)

Nationalities
USA 1740 (34.31%)
Japan 450 (8.35%)
China 372 (6.96%)
Italy 353 (6.50%)
Germany 344 (6.39%)
UK 265 (4.94%)

Table 3
Number of papers associated with type of access (open access/non-open access) and collaboration (national/international) in the stratified sample of Table 1.

# papers (%)

Type of access
Open access 462 (45.87%)
Non-open access 545 (54.12%)

Type of collaboration
National 788 (78.25%)
International 219 (21.74%)

Table 4
Number of connected components and densities of the two  projections of the author–paper bipartite network.

One-mode network First largest component Second largest component Total
Paper–paper 8 (0.25) 5 (0.5) 1007 (0.000)
Author–author 55 (0.34) 53 (0.17) 5385 (0.001)

Authors have been assigned to a gender – using a procedure based on their first names – and to a nationality – based on
the authors’ country of affiliation. The gender of 5261 (91.80%) authors was directly assigned from either their first names or
by checking internet directories or authors’ websites. The gender of 124 (2.16%) authors was  assigned by contacting them.
The gender of 346 (6.04%) authors remained unspecified. They correspond to 53 (5%) papers, which have been eliminated
from the sample, resulting in a data set comprising 1007 (95%) of the 1060 papers. These 1007 papers were used as our data
set for further analysis. A summarizing description of the distribution of gender and nationality7 is reported in Table 2.

Similarly, for each paper, the following characteristics were obtained: the number of authors, the number of funding
bodies8 the type of collaboration (national/international) and the type of access (open access/non-open access). In order to
check if a paper was published as open access/non-access article, we manually verified internet access to the full text. A
summary of the distribution of the type of access and type of collaboration is reported in Table 3.

The two-mode author–paper network was projected into two  one-mode networks: author–author network (co-
authorship) and paper–paper network (articles sharing authors). By the first projection, a network structure of scientific
collaboration between authors was generated by connecting those authors whose names jointly appear in one or more of
the 1007 articles. Similarly, by the second projection, a connection structure between papers was  generated, where two

papers are connected if and only if they share at least a common author. The two resulting one-mode networks comprised
207 and 492 disconnected components, respectively. The size and density of the two largest components are reported in
Table 4.

7 The data set contains 47 nationalities. To save space, Table 2 reports the ones which appear more frequently.
8 Funding acknowledgment information was extracted from papers and standardized, as the proper standardization of the names of funding bodies is

still  a problem in WOS.
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Table  5
Assortativity coefficient with respect to centrality measures in paper and author dimension.

One-mode network First largest component Second largest component Global network

Degree
Paper–paper −0.586 −0.805 0.136
Author–author 0.196 0.220 0.846

Eigenvector
Paper–paper 0.210 0.251 0.818
Author–author 0.445 0.875 0.868

Betweenness
Paper–paper −0.592 −0.667 0.152
Author–author −0.052 0.068 0.117
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Closeness
Paper–paper −0.322 −0.462 0.999
Author–author −0.261 −0.436 0.999

A description of the two largest components of both network structures have been reported in Appendix B, while a com-
rehensive statistical analysis of this data set is carried out in the next section, in accordance with the modeling framework
escribed in Section 2.

. Statistical analysis and results

.1. Descriptive analysis: assortative patterns in co-authorship

As previously introduced in Section 2, the descriptive analysis focuses on the associations between nodal properties
either paper and author characteristics KP and KA or scientific outputs O).9

Building on the assortative pattern in both structures of connections EP and EA, we  focus on the association between
etwork centrality measures of connected nodes, and the association between exogenous nodal characteristics.

To quantify the importance of a node in a network, four centrality measures are considered: degree,  eigenvector,  between-
ess and closennes. Table 5 reports the corresponding assortativity coefficients for the first two largest components and the
lobal networks in paper and author dimension. Each coefficient represents the Pearson correlation between the levels of
entrality of adjacent nodes.

As can be seen from Table 5, globally at author level, there is a high correlation between connected nodes in terms of the
egree and eigenvector centralities. However, poor assortativity is observed with respect to betweenness centralities. Due
o the low connectivity of both author and paper networks, the correlations between the closeness centrality of connected
odes reaches remarkably high levels, which do not match with the ones computed with respect to each single connected
omponent.10

In the paper dimension, the observed similarity between the centrality measures of papers sharing common authors (con-
ected papers) have different possible interpretations: (i) the assortative behavior of papers varies when different measures
f centrality are adopted; (ii) connected papers have similar eigenvector centrality but different degrees (correspondingly
.818 and 0.136 assortativity coefficient at the global network), which suggests that authors are heterogeneous in terms
f their collaboration strategies (some of them are systematically taking part in tightly-knit and highly productive teams,
hile the remaining follow a more sparse collaboration strategy).

An analogous story can be inferred in author dimension and with regard to largest components. However, in this case, the
ssortative patterns corresponding to the degree and the eigenvector centralities are both positive. This means that highly
entral authors (in terms of eigenvector and degree) tend to connect in common research projects (papers).

The presence of frequent connections between central nodes has possible implication for network transitivity and com-
unity structure. In fact, 0.821, 0.830, and 0.411 clustering coefficients have been found in the first largest component,

econd largest component and the global network respectively at the author–author one-mode structure.
The above mentioned finding is also supported by the assortative pattern gained by the exogenous nodal character-

stics. This reveals the tendency (bias) of papers and authors to be connected with others with similar exogenous nodal
haracteristics, such as the ones in KA and KP .

Table 6 suggests a positive propensity of authors to cooperate within the same national scientific community (assorta-
ivity coefficients of 0.25, 0.62 and 0.44, for the first largest component, second largest component and the global network
espectively). By contrast, both female and male neuroscientists showed a similar propensity to take part in mixed-gender

ollaborative projects.

From the paper viewpoint, international papers (articles co-authored by scholars from the different nationalities) more
requently share authors with other international ones, while national papers more frequently share authors with other

9 Due to the poor connectedness of the one-mode paper–paper projection, the main results of this subsection refer to the one-mode author–author
rojection.
10 In highly disconnected networks, the closeness centrality score of most of nodes would be approximately 1/(n − 1)2.
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Table 6
Assortativity coefficient to measure the similarity between connected authors (in the author–author network) and the similarity between connected papers
(in  the paper–paper network), with respect to four exogenous nodal properties.

First largest component Second largest component Global network

Paper–paper network
Type of access −0.17 −0.25 0.17
Type  of collaboration 0.16 0.43 0.34

Author–author network
Gender −0.02 0.06 0.06
Nationality 0.25 0.62 0.44

Fig. 1. Assortativity with respect to the number of citations.

Table 7
Assortativity coefficient with respect to the scientific outcomes in paper and author dimension.

Citations Impact factors

Author–author network 0.9188 0.912

Paper–paper network 0.0150 0.961

national ones (assortativity coefficients of 0.16, 0.43 and 0.34, for the first largest component, second largest component and
the global network respectively).

We expect this conservative pattern of network self-similarity to give rise to extensive associations between the scien-
tific outcomes of papers and authors at a short network distance. The graphical illustration in Fig. 1 shows these type of
associations: each point in the scatter-plots correspond to the scientific outcome (either citations or impact factor) of a node
(either paper or author) and the average outcomes of its neighbors.

As trivially expected the scientific impact of an author is strongly associated to the ones of his/her co-authors, as shown
in the plot (a) of Fig. 1. However, plot (b) of Fig. 1 reveals that citations of a paper are not related to the ones of other papers
sharing the same authors (i.e. highly cited papers might be authored by scholars who  also published other less cited ones).
Connected papers are published in journals with similar impact factors (or possibly the same journal) (see plot (d) in Fig. 1).

The graphical illustration of Fig. 1 can again be summarized by the assortative patterns of citations and impact factors at
both network layers, as reported in Table 7.

In the next subsection, the observed dependency of author and paper properties on each other will be entirely attributed to

other levels of association: assortativity with respect to the nodal centrality and exogenous paper and author characteristics.
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Table  8
Two multiple regressions of paper and author citations. This is based on the paper and author information introduced separately in each regression model.

Paper outcome Author outcome

Estimate p-Value Estimate p-Value

Paper characteristics KP

Access status 1.070 0.175 – –
Number of funding 0.013 0.946 – –
Number of authors 0.252 0.0166* – –
National status −3.223 7.98e−07*** – –
Impact  factor 2.170 <2e−16*** – –

Author  characteristics KA

Gender – – −0.801 0.057
Number of papers – – 1.380 0.275
Centrality – – −1.488 0.739

Argentina – – 3.207 0.437
Australia – – 6.688 4.9e−04***
Italy  – – 6.078 1.3e−04***
Japan  – – 6.205 7.0e−05***
Russia  – – 1.940 0.684
UK  – – 11.371 7.8e−12***

*

4

i
v

c

s
T
t

m

(
T
m

p
t

b

f

a
m
i

i
i

r

t

USA  – – 10.858 1.9e−15***

 a p-value smaller than 0.05; ** a p-value smaller than 0.01; *** a p-value smaller than 0.001.

.2. Predictive analysis: two-mode regression

Scientific outcomes are studied in this section from the dual perspective of the two-mode regression model (1), which is
ndependently applied to citations and impact factors. This is based on the same specification of the collections of explanatory
ariables KP and KA.

To empirically assess the advantages of including paper and author information through their two-mode projection, we
ompare the proposed modeling approach with two  separated regressions at paper and author level.

As already mentioned in the previous subsection, an underlying assumption in this regression analysis is that the observed
imilarity between scientific outcomes of connected nodes can be attributed to paper and author exogenous characteristics.
his entails that all systemic similarities (as the ones between connected nodes observed in Fig. 1) should be explained by
hese collections of co-variates.

The two scientific outcomes are not assumed to be independent, i.e. given the collection of co-variates, papers citations
ight depends on the impact factors of the corresponding journal.11

Focusing on citations, Table 8 reports the estimated coefficients and corresponding p-values, for the two  separated models
multiple linear regression) based on paper and author information (without their simultaneous inclusion). In contrast,
able 9 is based on the simultaneous inclusion of the paper and author information (two-mode regression). Both regression
odels are carried out at both dimensions, corresponding to (1).
Similarly, when analyzing impact factor, Tables 10 and 11 report the respective estimated coefficients and corresponding

-values, without the simultaneous inclusion of the paper–author information (multiple linear regression). In other words,
hey are based on the simultaneous inclusion of the paper–author information (two-mode regression).

With a few exceptions the four model specifications in Tables 8–10 and 11 are consistent in terms of coefficient signs,
ut different in terms of significance. The number of stars of the p-values refers to the significance level.12

All regression models support the positive effect of open-access on the number of received citations and the impact
actors.

The co-variates ‘number of authors’ and ‘number of papers’ refer to the number of authors of the corresponding paper
nd the number of papers of the corresponding author, respectively (calculated as row and column sum of the two-mode
atrix W).  The number of author per paper has a small effect on the number of citations and a slightly larger impact on

mpact factors.
By contrast, the number of funding bodies has different effects on citation and impact factor. In the first case it has no

mpact, whereas in the latter case it plays a significantly positive role (i.e. papers with several funding bodies are often found

n high impact factor journals).

As relevant demographic features, special attention should be given to the impact of gender and nationality.13

11 As widely argued by Didegah and Thelwall (2013), van Eck et al. (2013), and van der Pol et al. (2015), papers appearing in journals with a higher IF,
eceive more citations. Specifically, the expected number of citations is assumed to be linear with respect to the impact factor of the corresponding journal.
12 One star means “a p-value smaller than 0.05”; two  stars means “a p-value smaller than 0.01”; three stars means “a p-value smaller than 0.001”.
13 The reason why we picked these seven nationalities as representative of the rest of the collection is the intriguing mismatch between their effect in
erms of citations and impact factor (i.e. while Australia has a big effect on citations, it has a smaller one on impact factor).
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Table 9
Two-mode regressions of paper and author citations. This is based on the paper and author information introduced jointly thought their connection.

Paper outcome Author outcome

Estimate p-Value Estimate p-Value

Paper characteristics KP

Access status 0.249 <2e−16*** 0.764 <2e−16***
Number of funding −0.131 0.552 0.085 0.348
Number of authors 0.049 2.01e−04** −0.093 0.077
National status −6.151 <2e−16*** −7.097 <2e−16***
Impact factor 1.993 <2e−16*** 2.074 <2e−16

Author characteristics KA

Gender −2.298 <2e−16*** −0.714 0.007**
Number of papers 2.325 <2e−16*** 1.975 <2e−16***
Centrality −31.291 <2e−16*** −28.970 <2e−16***

Argentina 2.387 2.38e−08*** 2.804 <2e−16***
Australia 9.291 <2e−16*** 7.251 <2e−16***
Italy  7.142 <2e−16*** 6.534 <2e−16***
Japan  7.295 <2e−16*** 1.217 <2e−16***
Russia  7.160 <2e−16*** 6.332 <2e−16***
UK  7.032 <2e−16*** 6.119 <2e−16***
USA  8.718 <2e−16*** 7.668 <2e−16***

* a p-value smaller than 0.05; ** a p-value smaller than 0.01; *** a p-value smaller than 0.001.

Table 10
Two  multiple regressions of paper and author impact factor. This is based on the paper and author information introduced separately in each regression
model.

Paper outcome Author outcome

Estimate p-Value Estimate p-Value

Paper characteristics KP

Access status 1.339 <2e−16*** – –
Number of funding 0.298 5.16e−15*** – –
Number of authors 0.211 <2e−16*** – –
National status 1.105 <2e−16*** – –

Author  characteristics KA

Gender – – 0.013 0.881
Number of papers – – −0.379 0.148
Centrality – – 11.129 <2e−16***

Argentina – – 4.071 2.1e−06***
Australia – – 4.333 <2e−16***
Italy  – – 3.984 <2e−16***
Japan  – – 3.574 <2e−16***
Russia  – – 1.550 0.118
UK  – – 5.630 <2e−16***

USA  – – 5.742 <2e−16***

* a p-value smaller than 0.05; ** a p-value smaller than 0.01; *** a p-value smaller than 0.001.

The last rows of each table correspond to seven selected nationalities. We  noticed that nationalities that publish papers
in high impact factor journals are not necessarily those that publish highly cited papers. This disagreement supports the
substantial heterogeneity of scientific production.

To support the consistency of the different model specifications, Fig. 2 reports the pairwise comparisons between the
estimated nationalities coefficients of Tables 8 and 9, for the citation analysis, and Tables 10 and 11, for the impact factor
analysis.14

The national/international status also has different effects on citation and impact factor. On the one hand, the estimated
parameters in Tables 8 and 9 indicate that national collaborations receive less citations than their international counterparts.
On the other hand, Tables 10 and 11 show that national collaboration tends to have a slightly higher chance to appear in
journals with high impact factors.

As far as the gender is concerned we observe a negative propensity of women neuroscientists to receive citations, com-

pared to men. However, when it comes to the quality of the journals, women do not exhibit any significant tendency to
publish articles in journals with higher or lower impact factors.

14 Bulgaria is associated to the unique outlier which appears with a large nationality coefficient in the six plots in Fig. 2. This is due to the fact that Bulgaria
has  a unique paper in the data set, which resulted to be highly cited.
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Table  11
Two-mode regressions of paper and author impact factors. This is based on the paper and author information introduced jointly thought their connection.

Paper outcome Author outcome

Estimate p-Value Estimate p-Value

Paper characteristics KP

Access status 1.036 3.1e−12*** 1.071 <2e−16***
Number of funding 0.263 <2e−16*** 0.219 0.157
Number of authors 0.134 0.001** 0.186 0.002*
National status 0.433 7.9e−04** 0.555 0.003*

Author  characteristics KA

Gender 0.096 0.237 0.001 0.499
Number of papers −0.742 4.1e−05*** −0.585 2.3e−06***
Centrality 6.696 0.060 6.630 <2e−16***

Argentina 5.233 <2e−16*** 4.500 <2e−16***
Australia 4.319 <2e−16*** 4.017 <2e−16***
Italy  4.528 <2e−16*** 3.753 <2e−16***
Japan  3.739 <2e−16*** 3.117 <2e−16***
Russia  2.471 5.0e−04** 2.856 <2e−16***
UK  4.897 <2e−16*** 4.610 <2e−16***
USA  4.826 <2e−16*** 4.353 <2e−16***

* a p-value smaller than 0.05; ** a p-value smaller than 0.01; *** a p-value smaller than 0.001.
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ig. 2. The nationalities coefficients of the estimated regression models are graphically compared to asses consistency. The scatter-plots provide a collection
f  pairwise comparisons between the 47 nationalities coefficients for each pair of model specifications.

.3. Model fit and diagnostics

A collection of regression diagnostics have been taken into account to assess the adequacy of the model specification,
nd also to compare the proposed two-mode regression with the two separated multiple linear regressions. In particular
he multicollinearity issue and the residual distribution are monitored for each model specification.
As discussed in Section 2, the main consequence of Proposition 2 is the degeneracy of the sampling distributions of ˆ̌
P and

ˆ
A when paper and author information are fully dependent through the co-authorship structure. The immediate implication
f this fact is a new level of multicollinearity which might appear in the two-mode regression.
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Table 12
Correlations between co-variates.

Min. 1st Qu. Median Mean 3rd Qu. Max.

Paper layout −0.452 −0.009 −0.004 −0.007 −0.002 0.292
Author  layout −0.372 −0.014 −0.006 −0.009 −0.002 0.349

Table 13
Goodness of fit of the estimated number of citations.

Paper outcome Author outcome

Linear regr. (Table 8) Two-mode regr. (Table 9) Linear regr. (Table 8) Two-mode regr. (Table 9)

R2 0.523 0.539 0.233 0.580
MAPE 0.510 0.499 0.488 0.486

Table 14
Goodness of fit of the estimated impact factors.

Paper outcome Author outcome

Linear regr. (Table 10) Two-mode regr. (Table 11) Linear regr. (Table 10) Two-mode regr. (Table 11)
R2 0.650 0.653 0.360 0.683
MAPE 0.224 0.213 0.247 0.218

Table 12 summarizes the information of the correlation coefficients between every pair of co-variates in terms of paper
and author characteristics. This supports the independence of co-variates from each other and the correctness with respect
to the multicollinearity issue.

As measures of goodness of fit we consider the coefficient of determination (R2) and the mean absolute proportion error
(MAPE). They can both be interpreted as the amount of the variation in paper and author outcomes that are predictable based
on KP and KA. For the citation analysis, Table 13 reports the corresponding values of R2 and MAPE for the multiple linear
regression and the two-mode regression results of Tables 8 and 9, respectively. Likewise, Table 14 reports an analogous
goodness of fit for impact factor analysis, as resulting from the multiple linear regression and the two-mode regression
results of Tables 10 and 11 respectively.

We  observe an improvement in the fitted models for all regressions, when paper and author information is jointly included
in the model. The results indicate a slight improvement at the paper level, whereas the two-mode regression appears to
out-perform the linear regression at the author level. This can be partially explained by the initial lack of fit of the linear
regression models at the author level, which magnify the impact of the inclusion of paper properties.

Fig. 3 provides a comparison between the observed citations and impact factors, and the one predicted by the model,
for Tables 9 and 11 respectively. The prediction is reported on the vertical axis, while the observation is reported on the
horizontal axis.

Although a quite accurate prediction is observed for the impact factors at both paper and author levels, the number of
citations seem to be difficult to characterize in relation to the aforementioned co-variates KP and KA (see Fig. 3).

5. Discussion

The paper provides an insight into the research impact of scholars involved in scientific collaborations, based on the
number of citations and the impact factor of published papers.

To do this, we first described the neuroscience community, based on the assortativity of network structural properties,
exogenous nodal characteristics and nodal outcomes (scientific impact). Then, a novel regression approach which exploits
the information associated to both layers of the two-mode co-authorship structure has been described and applied to the
analyzed data set.

Regarding assortative patterns in co-authorship, three relevant conclusions can be inferred: first, high assortative pattern
of nodal centrality for both paper–paper network and author–author network, second, transitive co-authorship structures
and attachment to similar others (homophily), and finally, heterogeneous scientific outcomes at paper and author level (the
distribution of scientific outcomes presents high variability).

Regarding the structural properties, the results revealed that authors in the neuroscience community are heterogeneous
in terms of their collaboration strategies. That is to say, while some of them are systematically taking part in tightly-knit
group collaboration, others follow a more sparse collaboration strategy. Furthermore, highly central authors (in terms of
their co-authorship connection pattern) tend to collaborate within same projects.
Similarly, when studying nodal exogenous properties (nationality and type of collaboration), it has been observed that
authors tend to collaborate in small densely connected national communities, with very few international relations.The
presence of frequent connections between central nodes in paper and author dimensions, suggests possible implications
for the network transitivity and community structure. This finding is in agreement with a study conducted by Nasini et al.
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ig. 3. Estimation versus observation for the four estimated models. The red line is the identity line x = y. (For interpretation of the references to color in
his  figure legend, the reader is referred to the web  version of the article.)

2017). Similar results are also reported by Cummings and Kiesler (2005) in their study on multidisciplinary collaborations.
hey argued that dispersed forms of collaboration might be obstructed by physical distance between scientists, which not
nly reduce the likelihood of collaboration, but also have a negative impact on success.

What can be globally suggested from the assortative pattern of author centralities and the appearance of these small
ensely connected communities, is the existence of a so-called conservative collaboration strategy (Gilbert, Ahrweiler, &
yka, 2014) in the neuroscience community, which limits the inclusion and incorporation of researchers in collaborative
rojects.

From another point of view, it represents a scientific community in which a few authors are involved in a very spe-
ific research topic (Velden, Haque, & Lagoze, 2010). Due to the high level of expertise and specialization, the number of
esearchers collaborating on a specific research problem is often very limited. Therefore authors in neuroscience authorship
ommunity might have lower selection choice of collaborators (Ghiasi, Larivière, & Sugimoto, 2015).

Regarding nodal outcomes at author level, it was observed that neuroscientists tend to collaborate with those who  have
imilar research impact. Additionally, the research impact of an author is strongly associated to those of its co-authors.
his homophily of authors to collaborate with authors with higher level of similarity in terms of research impact can be
xplained by selectivity of researchers and Mathew effect i.e. that advantage tends to beget further advantage. Thus, in our
ase, accomplished authors (i.e. those with higher number of citation and impact factor) might prefer to collaborate with
imilar others to produce high-impact work. As also indicated in Guimera, Uzzi, Spiro, and Amaral (2005) study, collaborations
etween experienced authors is more likely to result in a publication in a high impact journal than in collaborations between
nseasoned authors.

At paper level, an interesting insight was that the citations of a paper are not related to the ones of other papers sharing
he same authors. This suggests that authors in neuroscience community might have signed papers with different number
f citations (i.e. highly cited papers might have been authored by scholars who also published other less cited ones). By
ontrast, connected papers are published in journals with similar impact factors (or possibly the same journal). This might
ave three possible explanations: i) scholars might be conservative in the choice of the target journal, ii) editors might be
onservative in the acceptance of papers by already known scholars, iii) a combination of both.

As a consequence, the global picture suggests that sharing authors might results in different scientific impact and visibility,
hen analyzed in terms of citations, but it certainly entails similar outcomes in terms of journal rankings.

In the next step, by using a two-mode regression model we  were able to simultaneously account for the effect of paper
roperties (access status, number of funding bodies, number of authors, type of collaboration, centrality) and author charac-

eristics (gender, nationality, number of papers, centrality, transitivity) on research success at both paper and author levels.

With regard to the two-mode regression analysis, different factors and paper properties appear to be responsible for
oosting and increasing the number of received citations.
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The open access status shows to increase the number of received citations at both paper and author dimensions. It is
completely in line with the existing literature (Antelman, 2004; Eysenbach, 2006; Hajjem, Harnad, & Gingras, 2005; Lawrence,
2001). For instance, Lawrence (2001) found that openly accessible computer science articles were cited more. Hajjem et al.
(2005) replicated the same analysis in ten disciplines (Biology, Psychology, Sociology, Health, Political Science, Economics,
Education, Law, Business, Management), by testing 1,307,038 articles published across 12 years 1992–2003.

The number of funding sources has a controversial effect on the number of received citations and the quality of the journal
in which the paper is published. Rigby (2011) claimed that the number of funding sources which a paper cites is not invariably
a reliable predictor of increased impact, and where such an impact can be found, the strength of the effect is very small. This
finding is however contradicted by successive works of Wang and Shapira (2015) on nanotechnology publications. Their
study showed that sponsored research exhibits higher impacts in terms of both journal ranking and citation. Rigby (2013)
suggested the reason for such a link is the fact that research supported by more funding bodies undergoes more peer review.
This then leads to higher quality in terms of a greater number of citations received by publications. However, this argument
cannot be extended to the neuroscience community as analyzed in our work, where we found a non-significant effect of
funding bodies on citations.

The number of authors has previously been found to be correlated with the paper’s impact and the number of received
citations (Biscaro & Giupponi, 2014; Frosch et al., 2010; Gazni & Didegah, 2011; Tahamtan et al., 2016). In our study, we
also found the same results with regard to paper and author impact factors as well as the number of citations received at
paper level. However, at author level, authors number shows to have a negative impact on the number of received citations.
This finding is in accordance with some other studies that found no such a relationship (Bornmann & Daniel, 2007a; Collet,
Robertson, & Lup, 2014; Ruano-Ravina & Álvarez-Dardet, 2012).

The negative effect of national status on the number of citations received should be interpreted in accordance with
the previously discussed tendency of authors to collaborate in small densely connected national communities, with lit-
tle international collaboration. This reveals a clear consistency between the heterogeneity of paper scientific impacts
and the disperse presence of international collaborations (Cummings & Kiesler, 2005). By contrast, paper resulting
from international collaborations appear significantly more often in high impact factor journals, than their national
counterparts.

From the author viewpoint, other factors are responsible for boosting the number of citations received and journal quality.
As far as gender is concerned, we observe a negative propensity of women  neuroscientists to receive citations, compared

to men. However, there is no significant difference between their journals quality compared to men. This was  previously
found by Ghiasi et al. (2015), in the context of engineering, a highly male-dominated field. The authors showed that women
engineers publish their papers in journals with similar citations rates, while their work receives fewer citations from the
engineering community. This allows for an extensive interpretation within the framework of the Matilda effect (Rossiter,
1993), by which women’s publications receive less recognition than what is expected (in this case, expected from the
journal in which their discoveries were published). Regarding nationality, our results suggested that the countries that
publish in lower-ranked journals tend to over-perform in terms of the number of citations they receive. This result is
in accordance with (Smith, Weinberger, Bruna, & Allesina, 2014). Smith et al. (2014) referred to academic culture (i.e.,
the “biased author” effect) as a potential reason for this finding. If the academic environment of a country is such that
submission to top-tier journals is discouraged or is not associated with professional advancement, then papers that could
potentially be published in top journals may  frequently be submitted to lower-tier ones, resulting in a mismatch between
placement and performance. It could also be due to a negative bias at the peer-review stage (Opthof, Coronel, & Janse,
2002).

The proposed methodology and bibliometric application allow for different streams of future research.
From a statistical viewpoint, Proposition 1 motivates the use of a penalized regression approach, based on the proximity

between the author characteristics of authors ˇT
AXA and their one step propagation though network (WTD−1

P )
T
(D−1

A W)(ˇT
AXA).

This would allow for a stronger consistency at both author and paper level. The two-mode regression analysis might be
generalized to allows for exponential probabilistic models, as described by Nasini et al. (2017). A similar statistical framework
would allow for the joint inference and prediction of scientific impact and collaborations. The time dimension might also be
included in this generalized modeling framework, with the aim of assessing the dynamic change of research impact across
paper and author scientific life cycles.

From a bibliometric viewpoint, this analysis might be replicated using data from other fields. This would require the
definition of an automatized sampling approach, in particular for the selection of author genders and nationalities. Substantial
insights might result from applying an analogous two-mode regression approach to the data presented by Lawrence (2001)
and by Hajjem et al. (2005). This would help to provide a comparative analysis and a comprehensive picture of the role
played by co-authorship and the role played by papers and authors characteristics on research impact.
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ppendix A. Proofs

Proposition 1.

roof. From (1) we see that E[y(A] = (WTD−1
P )

T
E[y(P] is verified if and only if

ˇT
AXA = (WTD−1

P )
T
(D−1

A W)(ˇT
AXA) (A.1)

ote that (WTD−1
P )

T
(D−1

A W)  is a row stochastic matrix, so that its largest eigenvalue is one. This means that (ˇT
AXA) is the

igenvector centrality measure in the author–author network. �

Proposition 2.

roof. From the first order condition (2) we have

ˇP = (XT
P XP)

−1
XT

P (y(P − WAXA(XT
AWT

A WAXA)
−1

XT
AWT

A (y(P − XPˇP))

ˇA = (XT
AWT

A WAXA)
−1

XT
AWT

A (y(P − XP(XT
P XP)

−1
XT

P (y(P − WAXAˇA))

y replacing HWA and HP with few algebraical operations we  we  find

ˇP = (I − (XT
P XP)

−1
XT

P XT
P HWAXT

P )
−1

(XT
P XP)

−1
XT

P (I − HWA)y(P

ˇA = (I − (XT
AWT

A WAXA)
−1

XT
AWT

A HPXAWA)
−1

(XT
AWT

A WAXA)
−1

XT
AWT

A (I − HP)y(P

imilarly, from the first order condition (3) we have

ˇP = (XT
P WT

P WPXP)
−1

XT
P WT

P (y(A − XA(XT
AXA)

−1
XT

A(y(A − WPXPˇP))

ˇA = (XT
AXA)

−1
XT

A(y(A − WPXP(XT
P WT

P WPXP)
−1

XT
P WT

P (y(A − XAˇA))
(A.2)

y replacing HWP and HA with few algebraical operations we  we  find

ˇP = (I − (XT
P WT

P WPXP)
−1

XT
P WT

P HAXPWP)
−1

(XT
P WT

P WPXP)
−1

XT
P WT
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ˇA = (I − (XT
AXA)

−1
XT

AHWPXT
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−1
(XT

AXA)
−1

XT
A(I − HWP)y(A

(A.3)

ppendix B. Largest components of both one-mode projections
Figs. 4 and 5 show the network plots of the two largest components of the paper–paper network, associated with two
odal characteristics: type of access (open access, non-open access) and type of collaboration (national, international).

Figs. 6 and 7 show the network plots of the two largest components of the author–author network, associated with nodal
haracteristics of gender and nationality.

As previously mentioned, both network layers are associated with nodal outcomes, which can be measured in terms of
itations and impact factor in the context of bibliometric analysis. They are originally measured at item level (paper) and

hen projected to the individual level (author), based on the two mode structure, i.e., y(A,o = (WTD−1
P )

T
y(P,o, for each o ∈ O.

hus, authors’ number of citations and impact factor is calculated with respect to their papers in the stratified sample.
Table 15 reports the mean and standard deviation of the number of citations and impact factor corresponding to both

etwork layers.
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Fig. 4. The two largest components of the paper–paper network with the type of access (red for open, black for non-open access). (For interpretation of
the  references to color in this figure legend, the reader is referred to the web version of the article.)

Fig. 5. The two largest components of the paper–paper network with the type of collaboration (blue for national, green for international). (For interpretation
of  the references to color in this figure legend, the reader is referred to the web  version of the article.)

Fig. 6. The three largest components with nodal genders (blue for men, pink for women). (For interpretation of the references to color in this figure legend,
the  reader is referred to the web version of the article.)
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Fig. 7. The three largest components with nodal nationalities.

Table 15
Mean and standard deviation of the two  nodal outcomes in both paper and author dimension.

Network layer Average citations (sd) Average impact factor (sd)

R

A

A

A
B
B

B

B
C

C

C

C
D
D

D

D
D

D

D

E
F

G

G
G
G

G
G

Paper 4.14 (2.96) 4.13 (2.95)
Author 4.63 (3.41) 4.63 (3.41)
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