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Abstract

Despite the progress made in terms of equality, there is still significant underrepresenta-
tion of women in higher education institutions, particularly in science and technology-ori-
ented universities. The aim of this paper is to measure the efficiency of the research activity
undertaken in a Spanish technological university, with a focus on the distribution by gender
in the different disciplines. First, a non-concave metafrontier is estimated, which allows the
introduction of different researcher profiles, by major scientific fields, and can be used to
identify not only the areas that demonstrate better management of their research, develop-
ment and innovation activity, but also the relative position of women scientists. Second, the
cross-efficiency method is employed to construct a synthetic index, which in turn is used
to establish a ranking of each of the knowledge areas that make up the analysed fields. The
results show that women slightly outperform men in terms of research efficiency. Univer-
sity research support policies that apply efficiency criteria as the key to the distribution of
grants rather than performance measured in terms of the volume of research output would
improve the situation of women scientists and the incentives provided.

Keywords Research efficiency - Gender - Higher education institutions - Metafrontier -
Cross efficiency

Introduction

Higher education institutions (HEIs) undergo a continuous process of adaptation in order
to create a population capable of adjusting to new advances, with the ultimate goal of
building a sustainable society. Their mission to spread knowledge combined with the trans-
fer of research and technology comprise the fundamental pillars of HEIs (Berghaeuser
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& Hoelscher, 2020). Innovation capability at the national level is linked to the research
potential of universities (Kang & Liu, 2021), as they are a cornerstone of companies’ trans-
formative process (Liu et al., 2023). In Europe, the aspiration is to create a joint European
education and research space to promote the excellence of HEIs while guaranteeing gender
equality, inclusion and equity (European Council, 2021).

More than a decade ago, some authors still argued that men produced a greater volume
and higher quality of research (Abramo et al., 2009; Lariviére et al., 2013; van Arensber-
gen et al., 2012), in some cases without considering that the unequal presence of men and
women in the academic world could condition the results (Nygaard et al., 2022). More
recently, authors such as Sa et al. (2020) or Haghani et al. (2022) continue to report such
evidence, demonstrating the persistence of the pattern of productivity and recognition
based on gender. In this respect, Abramo et al. (2021) have contended that the major dif-
ferences are found in the top 10% of scientists, where men predominate; in the other 90%
there is greater homogeneity, with a certain reduction in the research gender gap being
observed. Others such as Huang et al. (2020) claim that the disparities do not lie in the
number of publications and their impact, but in the length of professional careers and
the dropout rate of women in academia. According to Thelwall (2020), when it comes to
citation impact, the inequality is imperceptible; indeed, women’s citation impact is even
slightly higher in countries such as Australia, Canada, Ireland, Jamaica, New Zealand and
the United Kingdom.

The need for an evaluation of HEI performance has prompted a proliferation of rank-
ings that seek to offer a comprehensive overview of the activities carried out, with research
playing a decisive part in a university’s prestige. However, the marked heterogeneity of
these institutions somewhat complicates the task (Miotto et al., 2020). The scientific com-
munity has thus produced a substantial body of literature aimed at identifying the factors
associated with universities’ research performance (Fox & Nikivincze, 2021; Hermanu
et al., 2022). Some of the most commonly used parameters include the volume of publi-
cations and citations, the number of doctoral students or the monetary amount of grants
(Szuwarzynski, 2019; Xia et al., 2021). Authors such as Aboagye et al. (2021) and Mohd
Rasdi et al. (2022) have found evidence that organizational culture, individual effort and
transformational leadership are potential predictors of research performance. Gonzélez
Ramos et al. (2015), in a study of Spanish researchers, identify an absence of gender dif-
ferences in the pattern of performance, revealing that the lower presence of women in the
most relevant studies is due to their priorities and work style. Santos et al. (2021) support
this conclusion, demonstrating that the disparity lies in the way of working; women are
risk averse and focus their work on fields that offer greater certainty of success, valuing
more the autonomy offered by HEIs.

The 2030 Agenda promotes women’s equality and empowerment (Sustainable Develop-
ment Goal 5, SDG5) as a way to achieve the sustainable development of society. However,
the university world still has a long way to go to correct the underrepresentation of women
among academic research staff (ARS) (European Commission, 2019). There has tradition-
ally been a wide gender gap in disciplines related to science and technology, otherwise
known as STEM (Science, Technology, Engineering and Mathematics). In Latin American
countries, specific national programmes have been developed aimed at attracting, improv-
ing access, orienting and retaining women in STEM (Garcia-Holgado & Garcia-Pefialvo,
2022). In the same vein, the European Commission is allocating substantial resources to
boost the participation of women in STEM, passing regulations and approving research
frameworks, agencies, and funding systems to encourage their presence (Fatourou et al.,
2019). Verdugo-Castro et al. (2022), after conducting a systematic review of the literature,

@ Springer



Scientometrics (2023) 128:6611-6632 6613

confirm that gender stereotypes are the drivers of female underrepresentation in the STEM
field, with women not even reaching 30% of the total. The authors propose targeting action
at modifying family influences, the educational environment and even the culture, foster-
ing self-confidence so that the choice of studies is based only on the objectives pursued. In
Spain, Dos Santos et al. (2022) advise activities aimed at society as a whole, with special
attention paid to the students and their families, to bring about a shift in the culture that has
kept women away from STEM.

The present study seeks to evaluate whether there is a gender gap in the Research and
Development and Innovation (R&D&I) results—understood in terms of efficiency—of a
technological university, where the presence of women accounts for just over 30% of the
total, in line with the trend pointed out by Verdugo-Castro et al. (2022). One problem lies
in the question of how to measure productivity and performance when in many cases it
relates to unequal academic positions that reflect a lingering situation inherited from the
past, when the gender gap was more obvious. If the impact indicators of the scientific out-
put produced by men are still higher in absolute terms than those of women (Morgan et al.,
2021; Squazzoni et al., 2021), is this due to greater performance or is it a temporary gap
that will close in a few years? In this paper, we propose the use of the term “efficiency”
instead of "performance", analysing the gender gap by measuring the research efficiency at
a Spanish university included in the Shanghai ranking, Universitat Politecnica de Valéncia
(UPV). In short, our aim is to replace the traditional assessment of research—where the
parameters used focus on measurements of volume (number of articles, citations, patents,
projects, etc.)—with an efficiency-based assessment, which accounts for the relationship
between the available resources and the results obtained. This article analyses the possible
gender gap in research efficiency, and by so doing seeks to provide answers to the follow-
ing questions:

QI. Are there gender differences in research efficiency depending on the different disci-
plines?
Q2. Who achieves the best results in the knowledge areas that make up each discipline?

The approach used is useful for several reasons. First of all, it provides HEIs with a
methodological tool to be able to determine women’s position in terms of efficiency. This
study does not seek to estimate the historical evolution but rather to define a baseline that
can be updated periodically in years to come. Second, it incorporates the gender dimension
in the answer to the question about the efficiency of research units. In this respect, what is
relevant is the comparison of the efficiency of different units at the time of the analysis,
thus addressing the question of the gender dimension within a university organization. We
analyse the four disciplines of the UPV: sciences; engineering and architecture; social sci-
ences and law; and arts and humanities. Each of them consists of different knowledge areas
with widely differing proportions of men and women, an issue that must be taken into
account to avoid any distortion in the results. To answer the first question, we use a vari-
ant of data envelopment analysis (DEA), a non-concave metafrontier. This model allows
us to measure the efficiency of comparable scientists corresponding to the research pro-
file of each discipline, and then evaluate them with the rest of the sample. For the second
question, we use the cross-efficiency method to produce a synthetic index that allows us to
establish a ranking of the knowledge areas. There are virtually no studies in the literature
that have analysed this gender issue from the perspective of efficiency. The results will help
to encourage debate on equality in HEIs, where research productivity is sometimes over-
shadowed by scientists’ higher professional category.
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The paper is structured as follows: in "Results and discussion" Section, a literature
review is carried out to identify the conceptual framework within which the study is devel-
oped; in "Conclusions” Section, the methods and variables used are presented; in "Results
and discussion" section, the results of the empirical analysis are analysed, and the applica-
ble paradigm is discussed; and, finally, the conclusions, contribution and limitations of the
study are summarized in "Conclusions” section.

Literature review

Universities must become instruments that drive the response to the social challenges we
are currently facing; they can do so by calling on members of the university community to
be more engaged in technology and research efforts. While women’s participation in this
type of activity is increasing (Huang et al, 2020), gender gaps persist in this environment,
and universities—wellsprings of knowledge—are no exception. The most prestigious aca-
demic positions are still mainly held by men (Regner et al., 2019), despite numerous diver-
sity policies (Khan et al., 2019). According to the report published by the European Com-
mission (2019), only 22% of HEI directors are women and 24% of full professors, a figure
that drops to 15% when it comes to STEM. In countries such as Italy and Norway, the
volume of scientific output produced by men is still more than 30 percentage points higher,
although the differences are smaller when other parameters such as citations received or
the scientific category of the journal are considered (Abramo et al., 2021). However, while
this gap has started to narrow, there remains much to be done. There is a need to change
deeply-rooted social roles where family responsibilities limit female scientists’ dedication
to their work.

Sometimes the solution lies in collaboration between genders. Authors such as De Saa-
Perez et al. (2017) or Maddi and Gingras (2021) confirm that research teams perform bet-
ter when there is more representative participation of the two sexes. Once again, however,
not all researchers agree on this conclusion. According to Nielsen and Borjeson (2019), in
no case does gender diversity improve the indicators of research productivity. Shen et al.
(2022) even find evidence that collaboration between genders reduces the performance of
female academics and improves that of their male counterparts. As can be seen, contradic-
tory conclusions have been drawn from recent studies assessing the productivity of men
and women (Table 1).

The scientific community has not been able to reach a unanimous conclusion regard-
ing the possible link between research performance and gender. Reasons for this lack of
clarity could include bias in the indicators used, the lesser presence of women in the aca-
demic world, the length of their research careers, or an analytical focus on a particular
discipline. For example, although Finland has the highest proportion of high-level female
scientists, the figure barely exceeds 20%, with Saudi Arabia registering the lowest repre-
sentation (2.08%); furthermore, in terms of the most cited scholars in mathematics & sta-
tistics, engineering, and physics & astrophysics, women account for slightly more than 5%
(Chan & Torgler, 2020). Women'’s underrepresentation can also be perceived in illustrious
events such as the Nobel Prizes (Lunnemann et al., 2019; Modgil et al., 2018). According
to Agarwal (2018), the cause of this gap lies in the age of the laureates; therefore, women’s
lesser presence in academia in those later decades means a lack of equality in the possibil-
ity of being selected.

@ Springer



6615

Scientometrics (2023) 128:6611-6632

sour[drosIp orwapeoe [[e ur ssof ysrqnd
pue pIjuasardariopun aIe $ISHHUIOS I[BUI,]

uow Surssedans
UJAQ USWIOM [IIM ‘STRIA Y] J9A0 PAJeSIIW ST
9NSSI STY) JOAMOY ‘USWIOM JO JUSWILIOP Y}
0} de3 e s1 219y} ‘T93IBD JTWIPLOL JIAY) Ul A[Ieyq
UQWIOM IOJ onij Jou
S owes 9y ], ‘Jurpuny Jo sjunowre 133Ie[ ojul
desuen douewIofIad YoIeasal 19119q pue uon
-eyndar [euonMINSUI JOYSIY ‘SISHUIDS B J0]
QoueuLiojrad yoreasar
uo Joedur 9[qI31[3ou & Sey AJISIOAIP JI9puan)

doueuriojrad yoreasar uo

1993J9 aaneInuenb ou sey 11 1nq ‘101199 A[9AD)

-ej1i[enb are sjpnsar yoreasar ‘Kyfenba 1opua3d
SpIeM0) 9pmIIe 2ANISOd B 9ARY SISTIUIOS USYA

USWIOM URY) JOUI[9IXD

Sururene jo Aiqeqoad 1oySIy € ALY USJA
uonedronted o[ewa) 10)39q SUIMOYS SIOUIIIS
[e1o0s pue [edrpaw ul Suizieroads suonninsur
YIM ‘9 /,€ PIIIXD JIAD JoU S0P Inq ‘saurdo

-SIp 03 Surp1odooe s1yIp uonedronied Jrewa

SISTIUQIOS J[RWRJ JO AOUBW
-10312d 9y saaoxdwr UONBIOGR[[0D [BUOTBUIU]

Jje1oqe][od 03 Aysuadoid 10jea13
B MOUS USW IYM ‘SUONBIOGR[[0d ANSTWYD
PUE SONRWAYEW [RUOTIRUIUI JO ISED )
ur 1dooXa ‘UOI)BIOQR[[0D UT SIOUIIP OU
are o1oy) souT[dIOSIp 9[3UIS JO [9AI] A} 1Y

uononpoid dYHULIDS JO SULIS) UT USWIOM PUE
uow ueIssny Jo uonejuasaidar ay) surwuexa o,

suon
-eorqnd yoreasar jo Kypenb pue Anuenb ayy
ur S90UIOYIp Jopuad a[qissod oy asA[eue o,

Surpuny
[OIB3saI Uo I9puad Jo joedwil ay) surwexa oJ,

yoreasar juawainodoid jo diys
-10YINE-09 ) Ul AJSISAIP Jopuas asA[eue of,

Qouewiojrod yoreasar joaye Afenbs 1op
-ua3 Jnoqe sepmMIe SISNUAOS Moy Apmis O,

ndino oynuards

I19Y) JO suiId) ur douewIoyrad  syuapnis
[2I01O0P UT SQJUIJIP Iopuas o) AJLIed o],

[oreasal
0] uonnqgrLniuod S uauom 9ZLIdjoeIeyd O,

SUOT)BIOQE[[0D [BUOT)BUIUL UT JUT
-3e3uo $ISPUALS JO $S00NS A} 2JBJ1ISIAUI O],

S)ISTIUQIOS
19130 pue s)snuaros doy Surredwoos ‘ropua3d
Kq uoneioqe[[oo jo surened Aynuapt oJ,

poyjow Sununod [[ng Ioyine
URISSITY QUO ISBI] JB Y)IM SI[ONIB €96 T ]

MITAI UOT)
-ewIoyur pafidwo)) ejep 9[qrssedoe Aorqng

1091J9 ofey pue mayneA ‘s1osfoxd ol
suorssa15al [erwourq ‘sjeuinol juow
-amooid da1y) ur paysiqnd vjep pue aInjeIaNr|

uoISSaI3aI Uos
-S10d PRIRPUI-0IZ "SISIUAIDS [ JO AAINS Y

[opou JIqoIq “SIUSPMIS [2I0)O0P G/

IdV Jopuan) 'suonmmnsur uerpuy
0§ WoIy £10Z-800T UI SOM UT paxapur sradeq

uorssaI3a1 sarenbs jsed AreurpiQ

'SOOURINS JO AWAPBIY JSAUIYD) 9Y) PUE S}
-ISIOATUN G 193[01] WOIJ SISTWAYD YT [°E

SISA[eUB [BUOT)O3S-SSOID)
's10ss9joxd G111 Jo suoneorqnd oynuardg

(TTOT) AOYEAOT pUE BUD[IJ

(2T07) ‘T8 10 [esueg

(2207) uery pue oery

(2202) 'Te 12 yoluagengy

(1200) T8 19 0

(0200) T8 19 [yepur]

(020?) ySurs pue uemseq

(0207) 'Te 32 Sueyz

(6100) 'Te 10 oweIqQy

(s)uorsn[ouo)

2090

SpoyIow pue eje(

Soueur1ojad Yoreasal pue A)SIOAIp I9puUan) | 3|qel

pringer

As



Scientometrics (2023) 128:6611-6632

6616

[oreasar ay) jo joedur
9} JO SIUBUTULIDNAP T8 SOIURIJIP [eImn))

Qouewioyrod Surddensjooq yirm
yoreasar ur deS 1opusd oy SUIULISIOP O], POYIOW O[1e)) JJUOA "SI[ONIE SUNSIEW ()86

(£200) 'Te 19 BN

(s)uorsnpouo)

EINSbE] e e) Spoyjew pue eje(

(ponunuod) | sjqer

et
)
o0
=
=
o,
7
N



Scientometrics (2023) 128:6611-6632 6617

Could it be the case that family responsibilities are the source of this divide? In
essence, one of the goals of liberal democracies is to achieve gender equality at all levels
of HEIs. Progress has been achieved in various countries through family-oriented work
programmes, incentives for retaining female scientists, and gender-balanced organizational
structures (Barron & Kattan, 2022; CohenMiller et al., 2022). Nevertheless, the reality is
that there is still much to be done to ensure that domestic responsibilities do not interfere
with the performance of female scientists (Chan & Torgler, 2020; Defazio et al., 2022).
It has recently been shown that in extreme situations such as that caused by the COVID-
19 lockdown, household obligations exacerbate the gender disparity in research activities;
specifically, women submitted proportionally fewer manuscripts than men (Squazzoni
et al., 2021; Caldarulo et al., 2022). However, according to Horta et al. (2022), in terms of
hours spent on research in science and higher education, the effect of the pandemic has not
led to changes by gender. All this highlights the need to encourage academia to account for
these aggravating factors when setting policy. By so doing, these factors can be taken into
consideration when establishing the performance assessment guidelines for the university
community, enhancing the focus on concepts such as efficiency rather than performance.

Methodology and data

The particular features of the analysed sample, where the observations (decision-making
units, DMUs) correspond to branches of science with very different research profiles,
require the use of the metafrontier. Although this paper focuses on R&D&I, the intention
is not to downplay teaching. It is important to use a broad approach that includes not only
research but also outputs in terms of the transfer and dissemination of knowledge, which
are considered increasingly vital for validating the functions of universities (Bornmann,
2013; Morgan-Jones et al. 2017; Kamenetzky & Hinrichs-Krapels, 2020). Recent evidence
suggests that the presence of research-oriented universities is valuable but not crucial for
building dynamic regional economies (Garcia-Alvarez-Coque et al., 2021). As such, the
proposed measurement recognizes the multifaceted nature of the university’s results, in
line with the proposals of a number of authors (Lindgreen et al., 2021; Davison & Bjorn-
Andersen, 2019; McKenna, 2020). The proposed methodology makes it possible to cal-
culate the efficiency of heterogeneous DMUs, thus avoiding the limitation inherent to tra-
ditional DEA, where only DMUs with similar features can be included in the analysis. In
addition, the cross-efficiency model will be used to construct a synthetic index and thereby
produce a ranking of the knowledge areas corresponding to each discipline and gender.
Both methods rely on information provided by the UPV, evaluating different items about
its ARS.

Methodology: non-concave metafrontier and cross-efficiency

DEA is a non-parametric linear programming method that provides a measure of efficiency
by comparing the inputs and outputs of each DMU with the rest of the observations that
make up the sample. Depending on the orientation chosen for the model, the efficient fron-
tier will be formed by the DMUs whose inputs enable them to obtain the maximum level
of outputs (output orientation) or, vice versa, by those that can achieve a certain volume
of outputs while using the minimum amount of resources (input orientation). The original
proposal by Charnes et al. (1978) was under the assumption of constant returns to scale, a
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Fig. 1 Concave and Non-concave metafrontier

restriction that was relaxed by Banker et al. (1984), who allowed inputs and outputs to vary
non-proportionally to one another through variable returns to scale (VRS). This method
has enjoyed broad acceptance in the literature, having been applied to a range of very dif-
ferent fields, from tourism (Puertas et al., 2022) to sustainability (de Castro-Pardo et al,
2022), irrigation systems (Garcia-Molla et al., 2021), and even comparative analyses of
regional policy (Bresciani et al., 2021), among others.

The metafrontier, developed in the works of Battese and Rao (2002) and Battese et al.
(2004), is used here because we need to analyse DMUs in which the relationships between
inputs and outputs follow different patterns. This entails constructing a global frontier, like
an umbrella, that encompasses the individual frontiers of each of the homogeneous groups
of DMUs that make up the sample. Each DMU is compared twice: once with the obser-
vations in its own discipline, calculating the technical efficiency in relation to the group
(TEX); and again with the rest of the sample, that is, its efficiency relative to the metafron-
tier (TE). Therefore, it is necessary to construct as many efficient frontiers as there are
disciplines, and then another that envelopes all of them—the metafrontier. However, con-
structing the latter frontier involves combinations of inputs and outputs that are not present
in the sample, referred to by Tiedemann et al. (2011) as infeasible input—output combina-
tions (Fig. 1). In an effort to solve this problem, Tiedemann et al. (2011) propose a vari-
ant called a non-concave metafrontier, where only DMUs from the sample are included,
avoiding combinations that are not feasible. The concave metafrontier is one that envelopes
Technology A and Technology B, where combinations of inputs and outputs not present in
the sample are considered (Fig. 1).

It is not possible for TEX to register a higher level of efficiency than TE, since all the
groups are enveloped in the metafrontier. The difference between the two distances indi-
cates the proximity of group k to the metafrontier, defined as the metatechnology ratio

(also known as the technology gap ratio), TGRX (Battese et al., 2004).
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TE

TGRX =
TEX

)]

TGRX shows the efficiency derived from the way group & is managed, TEX shows the local
efficiency of group k and TE the efficiency at the metafrontier. The group with the lowest TGR
K corresponds to the most efficient form of management. To summarize, the procedure for cal-
culating the non-concave metafrontier involves the following steps:

(1) Assess the heterogeneity of the observations that prevents the use of traditional DEA.

(2) Calculate the efficiency of each of the homogeneous groups that make up the sample
(TEX). TEX determines the level of inefficiency within each group due to inadequate
use of resources.

(3) Determine the metafrontier by calculating the efficiency of each homogeneous group
in comparison with the rest of the observations belonging to the other groups, avoid-
ing the infeasible input—output combinations (7E). TE determines the level of global
inefficiency, in other words, that caused by the inefficiency of the group (TEX) and by
not using the most appropriate technology (TGR).

(4) The technology gap ratio is calculated (TGRX). TGRX determines the level of inef-
ficiency derived from not using the appropriate technology.

In this research, the proposed model has been solved with an output orientation and VRS,
meaning that the resulting values are greater than or equal to 1, where the amount in excess
of unity represents the amount by which the outputs should increase when using the available
resources in order to achieve the maximum level of efficiency. The metafrontier approach has
been applied to the context of universities by authors such as Wongchai et al. (2012), Villano
and Tran (2019), Liu and Kuo (2020), and Agasisti et al. (2021), among others.

To construct the ranking, we apply the cross-efficiency method, which has been widely
used in the literature (Marti et al., 2022; Puertas & Marti, 2023; Calafat-Marzal et al., 2023).
This method enables a complete ranking of all the observations, avoiding the issue of equal
values, which typically occurs with traditional DEA when several DMUs achieve maximum
efficiency. It is carried out in two stages: in the first stage, self-evaluated efficiency is calcu-
lated for each DMU on the basis of its own set of optimal weights, while the second stage
involves the comparison of peer-evaluated efficiency scores calculated based on the optimal
weights of other DMUs (Liu et al., 2019). This yields a cross-efficiency matrix, in which each
of the elements is calculated using the following expression (Sexton et al., 1986):

Zizl urky .
Ekj: ———J/=L..mk=1,..,n )
st Vi
where m and s represent the number of input and output variables, respectively; y,; the
value of output r of the jth DMU; x;; the value of input i of the jth DMU; u,, the weight of

output r; v;, the weight of input i. The ranking is based on the average value of the scores
obtained in each column of the matrix,

R .
“%=;;Ek; j=L.n 3)

where E; is the average efficiency of the observation j. The deaR library implemented in
the free software Rstudio has been used for both methods (Coll-Serrano et al., 2018).
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Table 2 Evolution of the gender composition of academic positions at the UPV (%)

2017 2018 2019 2020

Women Men Women Men Women Men Women Men

Professor 17.9 82.1 18.5 81.5 19.8 80.2 204 79.6
Associate Professor (tenure) 31.3 68.7 333 66.7 33.5 66.5 34.1 65.9
Assistant Professor (tenure) 28.9 71.1  30.8 69.2 285 71.5 28.1 71.9

Associate Professor (tenure track) 44.6 554 41.7 58.3 427 573 434 56.6
Assistant Professor (tenure track) — 42.8 57.2 447 553 521 479 447 55.3
Associate lecturer 36.6 634 340 66.0 33.0 67.0 343 65.7
Total 31.3 68.7 319 68.1 32.1 689 326 67.4

The following US/UK academic positions have been taken as equivalents of the positions in the Spanish
system. Professor: Catedrdtico; Associate Professor (tenure): Profesor titular de universidad/catedrdtico
de escuela universitaria; Assistant Professor (tenure): Profesor titular de escuela universitaria; Associ-
ate Professor (tenure track): Profesor colaborador/contratado; Assistant Professor (tenure track): Profesor
ayudante doctor; Associate lecturer: Profesor asociado

Variables and data

The empirical analysis has been carried out on a sample of 3639 ARS from the UPV cor-
responding to the year 2020. All the detailed information for each observation has been
provided by the UPV management; these are data used internally to calculate the research
performance of each ARS. An agreement was signed with the university to ensure that
personal data could be anonymized. In addition, the data were treated by subdividing them
into four disciplines so that the information could be grouped, thereby maintaining the con-
fidentiality of individual observations. Each of these disciplines is made up of different
knowledge areas, as shown in Table 8 in the appendix. The selection of disciplines was
based on the classification used by the Spanish Ministry of Universities for the knowledge
areas to which teaching staff are assigned (Royal Decree 822/2021). The choice of the year
of study was determined by the availability of the detailed data provided by the university,
which have been filtered through a rigorous anonymization process. However, according
to the aggregate information, the gender composition of the UPV staff has not undergone
any substantial changes in recent years that could lead to substantial changes in efficiency
results (Table 2). The study provides a baseline for the evaluation of efficiency that could
be applicable to medium-term studies rather than to two consecutive years, where changes
tend not to be significant.

To standardize the initial profile of the four UPV disciplines, we first had to remove
all the staff who did not have a doctorate degree, leaving 2062 ARS; the breakdown by
gender is shown in Fig. 2. In order to ensure that this structure does not distort the results,
the scientists in each area have been replaced by the average values corresponding to both
genders, thus neutralizing the greater presence of male scientists. Women represent only
30% of the UPV researchers. When calculating efficiency on an individual basis, they are
compared with a group of mostly male scientists; hence, using the average values avoids
distortions due to the differences in quantity. The UPV is an institution of recognized pres-
tige as attested to by the Academic Ranking of World Universities (2022), where it ranks
as the only Spanish polytechnic among the top 500 universities in the world. For its part,
Times Higher Education (https://www.timeshighereducation.com) lists this HEI as one of
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UPV
I
[ [ I |
Sciences Engineering & Social sciences & Arts & humanities
architecture law
143 women 296 women 89 women 125 women
220 men 942 men 127 men 107 men

Fig.2 UPV disciplines and their gender distribution

Table 3 Inputs and outputs used in the efficiency models

Inputs
Academic position Professor; Associate Professor (tenure); Associate Professor (tenure track),
Assistant Professor (tenure), Assistant Professor (tenure track), Associate
lecturer
Experience Years since defending thesis
Recognized 6-year terms Quality certification for six-year research terms certified by peers from
NCESRA
Outputs
Technological develop-  Active projects, active contracts, licences/patents, consultancy support, patents
ment and innovation
Research outputs Published JCR articles

Knowledge dissemination National and international conferences and presentations, and editorial boards
of journals or books

the 300 universities with the greatest social and economic impact in the world, and also
includes it in the top 100 for educational quality, innovation and infrastructure, and respon-
sible production and consumption.

For the efficiency analysis, we have to define the variables identified as inputs and out-
puts (Table 3). The inputs constitute the available resources, that is, the capacity of the
ARS, while the outputs represent the results obtained during the year under study. The
inputs of the model, sourced from the database, include the academic position of the
doctoral-level professors (Academic position), the years of experience since the defence
of their doctoral thesis (Experience), and a quality indicator based on the external peer
accreditation of six-year terms of scientific or innovation activities (Recognized 6-year
terms) by the National Commission for the Evaluation of Spanish Research Activity
(NCESRA). NCESRA is a Spanish public body responsible for the promotion and quality
of HEIs, a function performed through processes of orientation, evaluation, certification
and accreditation of teaching work, study, knowledge transfer and research. As the func-
tions of the university are multifaceted, its production model can be understood as being
composed of several outputs that include academic production (Research outputs), transfer
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Table 4 Descriptive statistics of the variables (2020)

Mean SD Min Max

Women Men Women Men Women Men Women Men

Academic position (score) 6.35 7.11 297 293 1 1 10 10

Experience (years) 14.52 16.73  8.09 937 1 1 37 46

Recognized 6-year terms (number) 1.63 2,13 1.51 1.77 0 0 6 7

Technological development and 1.28 221 321 413 0 0 33 37
innovation (number)

Research outputs (number) 1.19 1.70 2.12 3.06 0 0 16 33

Knowledge dissemination (number)  2.68 249 401 477 0 0 32 61

and innovation (Technological development and innovation), and dissemination activities
(Knowledge dissemination).

Regarding the inputs, it should be clarified that the ARS categories have been converted
into numerical scores to indicate the differences between them. Recognized 6-year terms,
whether for knowledge transfer or for research, are recognition of the quality of the research
and projects carried out by the ARS over a six-year period. This recognition is granted by
NCESRA after an exhaustive evaluation of the six years chosen by the researcher, with the
determining factors in the assessment being the quality of the journals where the work has
been published and the volume of citations received. Furthermore, only articles published
in journals indexed in the Journal Citation Reports (JCR) are taken into consideration.
Table 4 shows the descriptive statistics of the variables

On average, male ARS have more resources than their female counterparts in terms
of the three inputs; in particular, they have longer research careers, with a differential of
more than two years. Similarly, men’s output is higher on average, except in Knowledge
dissemination, where women register slightly higher values. A similar pattern is repeated
in the rest of the descriptive statistics, where it can be seen that the volume of male ARS
drives the higher dispersion and maximum values of the sample. Therefore, in terms of
performance, the information provided in Table 4 places men in a predominant position.
Nevertheless, the objective of the proposed research goes beyond numerical data, instead
centring around the concept of efficiency; that is, it seeks to discern which gender best
maximizes its outputs using the available resources (inputs).

Results and discussion

Q1. Are there gender differences in research efficiency depending on the different
disciplines?

To apply the metafrontier, we first need to check for DMUs with different profiles in each
of the four disciplines at the UPV. The results of the Kruskal-Wallis test shown in Table 5
confirm the presence of such differences. Therefore, it is not possible to apply traditional
DEA to the sample as a whole, given the significant differences in the variables for each
discipline (p-value <0.05.
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Table 5 Kruskal-Wallis test to

check for differences between the Chi-squared p-value
four disciplines Input
Academic position 17.242 0.000
Experience 32.58 0.000
Recognized 6-year terms 38.317 0.000
Output
Technological development and 35.672 0.000
innovation
Research outputs 55.493 0.000
Knowledge dissemination 13.662 0.003
I::c'ieefw IIZI:;‘? J;:‘;ZS; t(};"eEK), TEX TE  TGRX EFF_TEK(%) EFF_TE (%)
the metafrontier (TE) and the Sciences
metatechnology ratio (TGRY)
All 1.314 1355 1.035 2143 14.29
Men 1.339  1.384 1.038 3.57 3.57
Women 1284 1.322 1.032 17.86 10.71
Engineering and architecture
All 1206 1.224 1.015 13.64 12.12
Men 1.194  1.220 1.022 4.55 3.03
Women 1.219 1.227 1.007 9.09 9.09
Social sciences and law
All 1.123  1.207 1.068 42.31 23.08
Men 1.165 1.287 1.096 15.38 7.69
Women 1.073 1.114 1.036 26.92 15.38
Arts and humanities
All 1.036 1.241 1.193 5556 16.70
Men 1.045 1.321 1.258 2222 6.25
Women 1.031 1.191 1.152 3333 12.50

After confirming that there are four different research categories corresponding to each of the
disciplines, an efficient production frontier has been constructed for each one as well as another
that encompasses them all, using the non-concave metafrontier to prevent infeasible combina-
tions. Table 6 shows the results separated into the following columns: TEX, technical efficiency
of group k; TE, technical efficiency with respect to the metafrontier; TGRX, distance between the
efficiency of group k and the metafrontier; EFF_TEX, percentage of efficient DMUs on the fron-
tier of group k; EFF_TE, percentage of efficient DMUs on the metafrontier. Furthermore, TGRX
represents the efficiency of the way of managing each of the analysed groups; the one registering
the lowest value has the most appropriate management.

The efficiency of the university staff of each discipline compared with that of their group
(TEX) reveals the noteworthy position of Arts & humanities with a global inefficiency level
of 3.6%,' followed by Social sciences & law (12.3%), Engineering & architecture (20.6%)

! The levels of inefficiency are indicated by the amount in excess of unity. For example, 1.036 corresponds
to a level of inefficiency of 3.6%.
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and Sciences (31.4%). These percentages measure how much the outputs need to increase
using the available resources in order to achieve complete efficiency. According to Agasisti
and Shibanova (2022), advanced staff management practices can help to increase publish-
ing activity and institutional efficiency in general. In addition, the superior efficiency of
women is noted in all cases except Engineering & architecture, a study traditionally under-
taken by men, at least in technological universities like the one in our case study. As estab-
lished by the theory, all disciplines show a higher level of inefficiency with respect to the
metafrontier (TE) than that found in the group; the increase is greater in disciplines where
the inefficiency of the group is lower (Arts & humanities and Social sciences & law).

The following column shows that Engineering & architecture followed by Sciences are
the disciplines showing the best management of their research (TGRX); they would only
have to improve by 1.5 and 3.5%, respectively, compared to 6.8% and 19.3% for Social
sciences & law and Arts & humanities, respectively. The UPV, as its name suggests, is a
fundamentally technical university, and the vast majority of its ARS are engineers whose
research projects receive substantial public and private grants, which could explain the
better performance of Engineering & architecture compared to the rest. The last columns
(EFF_TEX and EFF_TE) show the proportion of fully efficient DMUs both in group k and
relative to the metafrontier, with the highest percentage of fully efficient ARS found in
Social sciences & law (42.31 and 23.08%, respectively).

Another aspect worth highlighting is the greater inefficiency of men, except in engineer-
ing, where women register worse results for both the group (19.4% versus 21.9%) and the
metafrontier (22 versus 22.7%). However, their way of managing research in Engineering
& architecture is more appropriate (2.2% men compared to 0.7% women). In short, we can
confirm the better relative position of women in the UPV compared to men, both in the
level of efficiency and in the organization of research in all the disciplines analysed. These
results are difficult to compare with the literature due to the bias in gender studies, almost
all of which are focused on the humanities and social sciences (Silander et al., 2022). Some
have analysed the gender gap in research performance in STEM disciplines, with the scales
tipping in favour of male scientists (Cidlinsk4, 2019; Sarabi & Smith, 2023). The current
reality is that men publish more and receive a higher volume of citations. However, our
study confirms that this does not determine the efficiency of them all, because productivity
should be evaluated on the basis of similar resources—in our case measured by academic
position (internally recognized quality), years of experience, or six-year terms (externally
recognized quality).

The STEM disciplines are mainly populated by male ARS, whereas men have a much
smaller presence in social and political sciences. However, according to Abramo et al.
(2021), this does not determine their performance. Focusing on life sciences, Lerchenmu-
eller and Sorenson (2018) show that the gender gap emerges early in researchers’ career,
which turns out to be key for subsequent outcomes, where women become the principal
investigators on research projects at a 20% lower rate than men. For their part, Casad et al.
(2021) indicate that the lack of progress towards gender parity in STEM is due to discrimi-
nation in hiring and reduced opportunities for women’s career advancement.

Gender equality has begun to go beyond its intrinsic value and is acquiring a critical
instrumental value as a way to achieve other objectives (Silander, 2019). These days, the
struggle for the empowerment of women is a reality not only at the national level, but also
in the international objectives established to ensure global sustainability. Numerous stud-
ies confirm that the neoliberal university environment is having a negative effect on the
existing gap in HEIs (Rosa, 2022; Tzanakou & Pearce, 2019). Public policies should seek
to bolster and properly value the position of women in the academic world, granting direct
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Table 7 Ranking of the knowledge areas of each discipline

Sciences Engineering and architecture
1 Organic chemistry Men Fluid mechanics Women
2 Statistics and operational research ‘Women Fluid mechanics Men
3 Botany Women Telematics Women
4 Genetics ‘Women Electrical engineering Women
5 Cell biology Women Hydraulic engineering Women
6 Statistics and operational research Men Hydraulic engineering Men
7 Inorganic chemistry Men Food technology Men
8 Soil science and agricultural chemistry Women Electrical engineering Men
9 Genetics Men Nuclear engineering Men
10 Biochemistry and molecular biology ‘Women Agroforestry engineering Men
Social sciences & law Arts and humanities
1 Marketing and market research Men German Women
2 Applied economics Men English Men
3 Moral philosophy ‘Women English Women
4 Civil law ‘Women Italian Women
5 Business organization Men Painting Women
6 Sociology Women Drawing Women
7 Urban and spatial planning Men Drawing Men
8 Economics, sociology and agrarian policy Men History of art Women
9 Business organization Women French Women
10 Commercial law Men Spanish language Men

assistance to enhance their work and support their inclusion in an environment traditionally
hostile to female scientists.

Q2. Who achieves the best results in knowledge areas that make up each discipline?

To produce a ranking of the knowledge areas, the cross-efficiency method is applied to
each of the disciplines. The ranking lists these areas in order, noting the corresponding
most efficient gender, with the aim of identifying the position of women scientists in the
different fields analysed. Table 7 shows the top 10 positions of the resulting ranking.

The rankings obtained contradict the conclusions of Abramo et al. (2021), there is a
much higher proportion of men among the top 10% performing scientists. As can be seen
in Table 6, men and women appear in very similar proportions in the top positions. Even
in Engineering & architecture, where there is a much larger presence of male ARS, female
researchers still hold important positions. In short, it can be seen that the underrepresenta-
tion of women at university does not harm their results, once again contradicting the exist-
ing literature on performance. According to Casad et al. (2021) progress towards gender
equality in STEM is very slow, particularly when it comes to management positions in
universities. There are some fairly widespread negative stereotypes that hinder progress
towards parity. Even in the United Arab Emirates, where the position of women is prob-
lematic to say the least, Patterson et al. (2021) confirm a decreasing trend in gender dis-
crimination, although there are still very few articles published by women.
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This underrepresentation has its origins in the lower graduation rates of women in cer-
tain STEM disciplines. A study conducted in Australia revealed that learning preferences,
the masculine culture in these areas, and scientific identity could be behind these results
(Fisher et al., 2020). Spanish HEIs have promoted the introduction of various initiatives
aimed at raising the visibility of female scientists, thus seeking to prevent androcentrism
in various fields of science and engineering. These include summer schools on physics
and gender, asynchronous virtual courses on mathematical co-education, and certain pilot
projects, all of which have been developed at universities in Barcelona. The goal is to break
the power structures that have such a strong hold on the scientific community (Calvo-Igle-
sias et al., 2022). According to Greider et al. (2019), there are still a number of social and
cultural factors deeply rooted in society that hinder the advancement of women’s research
careers, with the distribution of domestic work being a prominent issue.

The results obtained reflect the better position of women in terms of efficiency, despite
their lesser presence in almost all the disciplines analysed. For decades they have had to
work doubly hard to make their way in this unforgiving terrain—simply because they are
women, not because of their proficiency.

Conclusions

Advances in science are happening continuously in response to the growing needs of soci-
ety, making the research carried out by HEIs particularly relevant. It is universities that
bring together the largest number of scientists, dedicated not only to the transmission of
knowledge, but also to scholarship and to providing results to a society that needs an inex-
haustible flow of innovation to meet the demands of a population thirsting for progress.
However, there is a blight that we have carried with us since humanity’s earliest days and
that has yet to be overcome: the gender gap in all social and scientific levels continues to be
a reality that limits the development of female researchers.

The scientific community has produced a body of literature aimed at measuring research
performance, providing a gender perspective to identify the source of differences, but
reporting contradictory results that prevent accurate conclusions. In this study, we replace
the term “performance” with “efficiency” in order to assess the capacity of women in
STEM disciplines—fields with a longstanding masculine tradition. The empirical analysis
conducted here reveals that, using the available resources, women scientists obtain slightly
better results than men, meaning they are able to manage their research more effectively.
The results on performance reported by other studies, in cases where men far outperform
women, could be corrected by granting more resources to female researchers, as such
resources are sometimes limited by the smaller volume of scientific output.

Female ARS are in a tight bind that they find it difficult to free themselves from without
help. They need support policies that allow them to break out and demonstrate their ability
to a world notoriously dominated by men. In this research, the efficiency of female scien-
tists is clearly demonstrated. However, their prestige is overshadowed by parameters that
cannot capture the existing reality. They need to have access to resources similar to those
received by male researchers; however, these resources are currently beyond their reach
due to the evaluation of certain items of scientific production that do not reflect the value
of their research work, a situation that prevents them from climbing up the scientific career
ladder.
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This paper suffers from the limitations typical of efficiency studies. (1) We do not have
access to individualized information on the hours spent teaching. We believe that the con-
clusions could be reinforced by including the teaching load of the evaluated ARS as an
“undesirable input”, as it limits their dedication to research projects. In Spanish universi-
ties, teaching is assigned according to one’s professional category; since men occupy the
most prestigious positions, women ARS have a higher volume of teaching work, adversely
affecting their research career. (2) The analysis refers to a single period, due to the proce-
dural demands and limitation posed by the anonymized information provided by the UPV.
We have checked that the gender composition did not undergo significant changes in previ-
ous years (2017-2019) that could have brought about changes in efficiency, as it would be
necessary to go back further in time. (3) It would be interesting to incorporate the funds
received by each researcher into the assessment. This is a very “sensitive" variable, and the
UPV management considers this to be private information. However, the perception is that
introducing this information would further strengthen the results obtained.

Appendix

See Table 8.

Table 8 Knowledge areas of the different disciplines

Disciplines Knowledge areas

Sciences Cell biology; Biochemistry and molecular biology; Botany; Ecology; Soil sci-
ence and agricultural chemistry; Statistics and operational research; Applied
physics; Genetics; Applied mathematics; Analytical chemistry; Physical
chemistry; Inorganic chemistry; Organic chemistry; Zoology

Engineering and archi- Architecture and computer technology; Materials science and metallurgical
tecture engineering; Computer science and artificial intelligence; Architectural

composition; Architectural constructions; Architectural graphic expression;
Graphic expression in engineering; Aerospace engineering; Agroforestry
engineering; Cartographic engineering, geodesy and photogrammetry;
Construction engineering; Manufacturing process engineering; Systems
engineering and automation; Landscape engineering; Transport engineering
and infrastructure; Electrical engineering; Hydraulic engineering; Mechani-
cal engineering; Nuclear engineering; Chemical engineering; Telematics;
Textile and paper engineering; Computer languages and systems; Heat
engines and machines; Fluid mechanics; Mechanics of continuous media
and theory of structure; Animal production; Plant production; Architectural
projects; Engineering projects; Food technology; Environmental technol-
ogy; Electronic technology; Signal theory and communications

Social sciences and law Urban and spatial planning; Library science and documentation; Marketing
and market research; Audiovisual communication and advertising; Adminis-
trative law; Civil law; Constitutional law; Labour and social security law;
Commercial law; Applied economics; Financial economics and accounting;
Economics, sociology and agrarian policy; Moral philosophy; Business
organization; Sociology

Art and humanities Drawing; Sculpture; German; Catalan; French; English; Italian; Physical
geography; History of art; Spanish language; Painting

@ Springer



6628 Scientometrics (2023) 128:6611-6632

Acknowledgements The authors are very grateful to the Vicerrectorate of Research at Universitat Politec-
nica de Valéncia, for supporting the building of the database and for following the Ethical protocol to keep
individual anonimty of data. In particular we acknowledge the collaboration of professors Jose-Esteban
Capilla-Roma and Luis Manuel Sanchez-Ruiz. Possible unexpected errors are full responsibility of this arti-
cle’s authors.

References

Aboagye, E., Jensen, 1., Bergstrom, G., Bramberg, E. B., Pico-Espinosa, O. J., & Bjorklund, C. (2021).
Investigating the association between publication performance and the work environment of university
research academics: A systematic review. Scientometrics, 126, 3283-3301. https://doi.org/10.1007/
$11192-020-03820-y

Abramo, G., D’Angelo, C. A., & Caprasecca, A. (2009). Gender differences in research productivity: A
bibliometric analysis of the Italian academic system. Scientometrics, 79(3), 517-539. https://doi.org/
10.1007/s11192-007-2046-8

Abramo, G., D’Angelo, C. A., & Di Costa, F. (2019). A gender analysis of top scientists’ collabo-
ration behavior: Evidence from Italy. Scientometrics, 120, 405-418. https://doi.org/10.1007/
s11192-019-03136-6

Abramo, G., Aksnes, D. W., & D’Angelo, C. A. (2021). Gender differences in research performance within
and between countries: Italy vs Norway. Journal of Informetrics, 15(2), 101144. https://doi.org/10.
1016/j.joi.2021.101144

Abutabenjeh, S., Dimand, A. M., Rodriguez-Plesa, E., & Ahmadu, A. (2022). The nexus between gender
diversity and research performance: The case of public procurement. International Journal of Public
Administration. https://doi.org/10.1080/01900692.2021.2013258

Academic Ranking of World Universities (2022). https://www.shanghairanking.com/rankings/arwu/2022.

Agarwal V (2018). The emerging trends of Nobel Prizes in science. Euroscientist. https://www.euroscient
ist.com/trends-nobel-prizes/

Agasisti, T., & Shibanova, E. (2022). Actual autonomy, efficiency and performance of Universities: Insights
from the Russian case. International Journal of Public Administration, 45(2), 121-134. https://doi.org/
10.1080/01900692.2021.1903496

Agasisti, T., Yang, Gl., Song, Yy., & Tran, C. T. T. D. (2021). Evaluating the higher education productiv-
ity of Chinese and European “elite” universities using a meta-frontier approach. Scientometrics, 126,
5819-5853. https://doi.org/10.1007/s11192-021-03978-z

Banker, R. D., Charnes, A., & Cooper, W. W. (1984). Some models for estimating technical and scale inef-
ficiencies in data envelopment analysis. Management Science, 30(9), 1078—1092. https://doi.org/10.
1287/mnsc.30.9.1078

Bansal, S., Viswanathan, B., & Meenakshi, J. V. (2022). Does research performance explain the “leaky
pipeline” in Indian academia? A study of agricultural and applied economics. Agricultural Economics.
https://doi.org/10.1111/agec.12744

Barron, M., & Kattan, R.B (2022). We need more girls and women in science. What are three ways in which
we can support them? Education for Global Development. World Bank Blogs. https://blogs.worldbank.
org/education/we-need-more-girls-and-women-science-what-are-three-ways-which-we-can-suppo
rt-them

Battese, G. E., & Rao, D. S. P. (2002). Technology gap, efficiency and a stochastic metafrontier function.
International Journal of Business and Economics, 1(2), 87-93.

Battese, G. E., Rao, D. S. P., & O’Donnell, C. J. (2004). A metafrontier production function for estimation
of technical efficiencies and technology gaps for firms operating under different technologies. Journal
of Productivity Analysis, 21, 91-103. https://doi.org/10.1023/B:PROD.0000012454.06094.29

Berghaeuser, H., & Hoelscher, M. (2020). Reinventing the third mission of higher education in Germany:
Political frameworks and universities’ reactions. Tertiary Education and Management, 26, 57-76.
https://doi.org/10.1007/s11233-019-09030-3

Bornmann, L. (2013). What is societal impact of research and how can it be assessed? A literature survey.
Journal of the American Society for Information Science and Technology, 64(2), 217-233. https://doi.
org/10.1002/asi.22803

Bresciani, S., Puertas, R., Ferraris, A., & Santoro, G. (2021). Innovation, environmental sustainability and
economic development: DEA-Bootstrap and multilevel analysis to compare two regions. Technological
Forecasting and Social Change, 172, 121040. https://doi.org/10.1016/j.techfore.2021.121040

@ Springer


https://doi.org/10.1007/s11192-020-03820-y
https://doi.org/10.1007/s11192-020-03820-y
https://doi.org/10.1007/s11192-007-2046-8
https://doi.org/10.1007/s11192-007-2046-8
https://doi.org/10.1007/s11192-019-03136-6
https://doi.org/10.1007/s11192-019-03136-6
https://doi.org/10.1016/j.joi.2021.101144
https://doi.org/10.1016/j.joi.2021.101144
https://doi.org/10.1080/01900692.2021.2013258
https://www.shanghairanking.com/rankings/arwu/2022
https://www.euroscientist.com/trends-nobel-prizes/
https://www.euroscientist.com/trends-nobel-prizes/
https://doi.org/10.1080/01900692.2021.1903496
https://doi.org/10.1080/01900692.2021.1903496
https://doi.org/10.1007/s11192-021-03978-z
https://doi.org/10.1287/mnsc.30.9.1078
https://doi.org/10.1287/mnsc.30.9.1078
https://doi.org/10.1111/agec.12744
https://blogs.worldbank.org/education/we-need-more-girls-and-women-science-what-are-three-ways-which-we-can-support-them
https://blogs.worldbank.org/education/we-need-more-girls-and-women-science-what-are-three-ways-which-we-can-support-them
https://blogs.worldbank.org/education/we-need-more-girls-and-women-science-what-are-three-ways-which-we-can-support-them
https://doi.org/10.1023/B:PROD.0000012454.06094.29
https://doi.org/10.1007/s11233-019-09030-3
https://doi.org/10.1002/asi.22803
https://doi.org/10.1002/asi.22803
https://doi.org/10.1016/j.techfore.2021.121040

Scientometrics (2023) 128:6611-6632 6629

Calafat-Marzal, C., Sanchez-Garcia, M., Marti, L., & Puertas, R. (2023). Agri-food 4.0: Drivers and links
to innovation and eco-innovation. Computers and Electronics in Agriculture, 207, 107700. https://doi.
org/10.1016/j.compag.2023.107700

Caldacuro, M., Olsen, J., Frandell, A., Islam, S., Johnson, T. P., Feeney, M. K., Michalegko, L., & Welch,
E. (2022). COVID-19 and gender inequity in science: Consistent harm over time. PLoS ONE, 17(7),
€0271089. https://doi.org/10.1371/journal.pone.0271089

Calvo-Iglesias, E., Epifanio, I., Estrade, S., & Mas de les Valls, E. (2022). Gender Perspective in STEM
Disciplines in Spain Universities. In F. J. Garcia-Pefialvo, A. Garcia-Holgado, A. Dominguez, & J.
Pascual (Eds.), Women in STEM in Higher Education. Good practices of attraction, access and retain-
ment in higher education. Springer.

Casad, B., Franks, J., Garasky, C. E., Kittleman, M. M., Roesler, A. C., Hall, D. Y., & Petzel, Z. W. (2021).
Gender inequality in academia: Problems and solutions for women faculty in STEM. Neuroscience
Research, 99(1), 13-23. https://doi.org/10.1002/jnr.2463 1

Chan, H. F., & Torgler, B. (2020). Gender differences in performance of top cited scientists by field and
country. Scientometrics, 125, 2421-2447. https://doi.org/10.1007/s11192-020-03733-w

Charnes, A., Cooper, W., & Rhodes, E. (1978). Measuring the efficiency of decision making units. Euro-
pean Journal of Operational Research, 2(6), 429—444. https://doi.org/10.1016/0377-2217(78)90138-8

Cidlinska, K. (2019). How not to scare off women: Different needs of female early-stage researchers in
STEM and SSH fields and the implications for support measures. Higher Education, 78, 365-388.
https://doi.org/10.1007/s10734-018-0347-x

CohenMiller, A. S., Denise Demers, D., Heidi Schnackenberg, H., & Izekenova, Z. (2022). “You are seen;
you matter:” Applying the theory of gendered organizations to equity and inclusion for mother scholars
in higher education. Journal of Women and Gender in Higher Education, 15(1), 87-109. https://doi.
org/10.1080/26379112.2022.2025816

Coll-Serrano, V., Benitez, R., & Bolés, V.J. (2018). Tutorial data envelopment analysis with deaR. Version
1.4. Facultat d’Economia. Universitat de Valéncia.

European Commission (2019). She figures 2018. https://data.europa.eu/doi/https://doi.org/10.2777/936

European Council (2021). Council conclusions on the European Universities initiative—Bridging higher
education, research, innovation and society: Paving the way for a new dimension in European higher
education 2021/C 221/03. https://eur-lex.europa.cu/legal-content/EN/TXT/?uri=CELEX%3A520
21XG0610%2802%29

Davison, R. M., & Bjgrn-Andersen, N. (2019). Do we care about the societal impact of our research? Infor-
mation Systems Journal, 29(5), 989-993. https://doi.org/10.1111/isj.12259

de Castro-Pardo, M., Fernandez-Martinez, P., & Pérez-Zabaleta, A. (2022). An initial assessment of water
security in Europe using a DEA approach. Sustainable Technology and Entrepreneurship, 1(1),
100002. https://doi.org/10.1016/j.stae.2022.100002

De Saa-Perez, P., Diaz-Diaz, N. L., Aguiar-Diaz, 1., & Ballesteros-Rodriguez, J. L. (2017). How diversity
contributes to academic research teams performance. R & D Management, 47(2), 165-179. https://doi.
org/10.1111/radm.12139

Real Decreto 822/2021, de 28 de septiembre, por el que se establece la organizacién de las ensefianzas
universitarias y del procedimiento de aseguramiento de su calidad. BOE nim. 233, de 29/09/2021.
Ministerio de Universidades. https://www.boe.es/eli/es/rd/2021/09/28/822/con

Defazio, D., Kolympiris, C., Perkmann, M., & Salter, A. (2022). Busy academics share less: The impact of
professional and family roles on academic withholding behaviour. Studies in Higher Education, 47(4),
731-750. https://doi.org/10.1080/03075079.2020.1793931

Dos Santos, E. D., Albahari, A., Diaz, S., & De Freitas, E. C. (2022). ‘Science and technology as feminine’:
Raising awareness about and reducing the gender gap in STEM careers. Journal of Gender Studies,
31(4), 505-518. https://doi.org/10.1080/09589236.2021.1922272

Fatourou, P., Papageorgiou, Y., & Petousi, V. (2019). Women are needed in STEM: European policies and
incentives. Communications of the ACM, 62(4), 52-57. https://doi.org/10.1145/3312565

Fisher, C. R., Thompson, C. D., & Brookes, R. H. (2020). Gender differences in the Australian undergradu-
ate STEM student experience: a systematic review. Higher Education Research & Development, 39(6),
1155-1168. https://doi.org/10.1080/07294360.2020.1721441

Fox, M. F., & Nikivincze, I. (2021). Being highly prolific in academic science: Characteristics of individuals
and their departments. Higher Education, 81, 1237-1255. https://doi.org/10.1007/s10734-020-00609-z

Garcia-Alvarez-Coque, J.-M., Mas-Verdd, F., & Roig-Tierno, N. (2021). Life below excellence: Exploring
the links between top-ranked universities and regional competitiveness. Studies in Higher Education,
46(2), 369-384. https://doi.org/10.1080/03075079.2019.1637843

Garcia-Holgado, A., & Garcia-Penalvo, F. J. (2022). A model for bridging the gender gap in STEM in
higher education institutions. In F. J. Garcia-Pefalvo, A. Garcia-Holgado, A. Dominguez, & J. Pascual

@ Springer


https://doi.org/10.1016/j.compag.2023.107700
https://doi.org/10.1016/j.compag.2023.107700
https://doi.org/10.1371/journal.pone.0271089
https://doi.org/10.1002/jnr.24631
https://doi.org/10.1007/s11192-020-03733-w
https://doi.org/10.1016/0377-2217(78)90138-8
https://doi.org/10.1007/s10734-018-0347-x
https://doi.org/10.1080/26379112.2022.2025816
https://doi.org/10.1080/26379112.2022.2025816
https://doi.org/10.2777/936
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021XG0610%2802%29
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021XG0610%2802%29
https://doi.org/10.1111/isj.12259
https://doi.org/10.1016/j.stae.2022.100002
https://doi.org/10.1111/radm.12139
https://doi.org/10.1111/radm.12139
https://www.boe.es/eli/es/rd/2021/09/28/822/con
https://doi.org/10.1080/03075079.2020.1793931
https://doi.org/10.1080/09589236.2021.1922272
https://doi.org/10.1145/3312565
https://doi.org/10.1080/07294360.2020.1721441
https://doi.org/10.1007/s10734-020-00609-z
https://doi.org/10.1080/03075079.2019.1637843

6630 Scientometrics (2023) 128:6611-6632

(Eds.), Women in STEM in higher education. Good practices of attraction, access and retainment in
higher education. Springer.

Garcia-Molla, M., Puertas, R., & Sanchis-Ibor, C. (2021). Application of data envelopment analysis to
evaluate investments in the modernization of collective management irrigation systems in Valencia
(Spain). Water Resources Management, 35, 5011-5027. https://doi.org/10.1007/s11269-021-02986-1

Gonzalez Ramos, A. M., Fernandez Palacin, F., & Mufioz Marquez, M. (2015). Do men and women per-
form academic work differently? Tertiary Education and Management, 21, 263-276. https://doi.org/
10.1080/13583883.2015.1065904

Greider, C. W., Sheltzer, J. M., Cantalupo, N. C., Copeland, W. B., Dasgupta, N., Hopkins, N., Jansen, J.
M., Joshua-Tor, L., Mcdowell, G. S., Metcalf, J. L., Mclaughlin, B., Olivarius, A., O’shea, E. K., Ray-
mond, J. L., Ruebain, D., Steitz, J. A., Stillman, B., Tilghman, S. M., Valian, V., ... Wong, J. Y. (2019).
Increasing gender diversity in the STEM research workforce. Policy Forum, 366(6466), 692—695.
https://doi.org/10.1126/science.aaz0649

Haghani, M., Abbasi, A., Zwack, C. C., Shahhoseini, Z., & Haslam, N. (2022). Trends of research produc-
tivity across author gender and research fields: A multidisciplinary and multi-country observational
study. PLoS ONE, 17(8), €0271998. https://doi.org/10.1371/journal.pone.0271998

Hermanu, A. I., Sondari, M. C., Dimyati, M., & Sari, D. (2022). Study on university research performance
based on systems theory: Systematic literature review. International Journal of Productivity and Qual-
ity Management, 35(4), 447-598. https://doi.org/10.1504/1JPQM.2022.122777

Horta, H., Panova, A., Santos, J., & Yudkevich, M. (2022). The adaptation of academics to the Covid-19
crisis in terms of work time allocation. PLoS ONE, 17(8), €0273246. https://doi.org/10.1371/journal.
pone.0273246

Huang, J., Gates, A. J., Sinatra, R., & Barabasi, A. L. (2020). Historical comparison of gender inequality in
scientific careers across countries and disciplines. Proceedings of the National Academy of Sciences,
117(9), 4609-4616. https://doi.org/10.1073/pnas.1914221117

Kamenetzky, A., & Hinrichs-Krapels, S. (2020). How do organisations implement research impact assess-
ment (RIA) principles and good practice? A narrative review and exploratory study of four interna-
tional research funding and administrative organisations. Health Research Policy and Systems. https://
doi.org/10.1186/s12961-019-0515-1

Kang, Y., & Liu, R. (2021). Does the merger of universities promote their scientific research performance?
Evidence from China. Research Policy, 50(1), 104098. https://doi.org/10.1016/j.respol.2020.104098

Khan, M. S., Lakha, F., Tan, M. M. J., Singh, S. R., Quek, R. Y. C,, Han, E., Tan, S. M., Haldane, V.,
Gea-Sanchez, M., & Legido-Quigley, H. (2019). More talk than action: Gender and ethnic diversity in
leading public health universities. The Lancet, 393(10171), 594-600. https://doi.org/10.1016/S0140-
6736(18)32609-6

Ko, Y., Ko, H., Chung, Y., & Woo, C. (2021). Do gender equality and work-life balance matter for innova-
tion performance? Technology Analysis & Strategic Management, 33(2), 148-161. https://doi.org/10.
1080/09537325.2020.1799971

Lariviere, V., Ni, C., Gingras, Y., Cronin, B., & Sugimoto, C. R. (2013). Bibliometrics: Global gender dis-
parities in science. Nature, 504, 211-213. https://doi.org/10.1038/504211a

Lerchenmueller, M. J., & Sorenson, O. (2018). The gender gap in early career transitions in the life sciences.
Research Policy, 47(6), 1007-1017. https://doi.org/10.1016/j.respol.2018.02.009

Liao, C. H., & Lian, J. W. (2022). Gender inequality in applying research project and funding. Journal of
Information Science. https://doi.org/10.1177/01655515221097861

Lindahl, J., Colliander, C., & Danell, R. (2020). Early career performance and its correlation with gender
and publication output during doctoral education. Scientometrics, 122, 309-330. https://doi.org/10.
1007/s11192-019-03262-1

Lindgreen, A., Di Benedetto, C. A., Clarke, A. H., Evald, M. R., Bjgrn-Andersen, N., & Lambert, D. M.
(2021). How to define, identify, and measure societal value. Industrial Marketing Management, 97,
1-13. https://doi.org/10.1016/j.indmarman.2020.05.013

Liu, H. H., & Kuo, F. H. (2020). Evaluation of the operational efficiency of selected senior and vocational
high schools in Taiwan with DEA meta-frontier approach: a managerial perspective. Journal of Busi-
ness and Management Sciences, 8(2), 67-76. https://doi.org/10.12691/jbms-8-2-5

Liu, H.,, Song, Y., & Yang, G. (2019). Cross-efficiency evaluation in data envelopment analysis based on
prospect theory. European Journal of Operational Research, 273, 364-375. https://doi.org/10.1016/j.
¢jor.2018.07.046

Liu, M., Shan, Y., & Li, Y. (2023). Heterogeneous Partners, R&D cooperation and corporate innovation
capability: Evidence from Chinese manufacturing firms. Technology in Society, 72, 102183. https://
doi.org/10.1016/j.techsoc.2022.102183

@ Springer


https://doi.org/10.1007/s11269-021-02986-1
https://doi.org/10.1080/13583883.2015.1065904
https://doi.org/10.1080/13583883.2015.1065904
https://doi.org/10.1126/science.aaz0649
https://doi.org/10.1371/journal.pone.0271998
https://doi.org/10.1504/IJPQM.2022.122777
https://doi.org/10.1371/journal.pone.0273246
https://doi.org/10.1371/journal.pone.0273246
https://doi.org/10.1073/pnas.1914221117
https://doi.org/10.1186/s12961-019-0515-1
https://doi.org/10.1186/s12961-019-0515-1
https://doi.org/10.1016/j.respol.2020.104098
https://doi.org/10.1016/S0140-6736(18)32609-6
https://doi.org/10.1016/S0140-6736(18)32609-6
https://doi.org/10.1080/09537325.2020.1799971
https://doi.org/10.1080/09537325.2020.1799971
https://doi.org/10.1038/504211a
https://doi.org/10.1016/j.respol.2018.02.009
https://doi.org/10.1177/01655515221097861
https://doi.org/10.1007/s11192-019-03262-1
https://doi.org/10.1007/s11192-019-03262-1
https://doi.org/10.1016/j.indmarman.2020.05.013
https://doi.org/10.12691/jbms-8-2-5
https://doi.org/10.1016/j.ejor.2018.07.046
https://doi.org/10.1016/j.ejor.2018.07.046
https://doi.org/10.1016/j.techsoc.2022.102183
https://doi.org/10.1016/j.techsoc.2022.102183

Scientometrics (2023) 128:6611-6632 6631

Lunnemann, P., Jensen, M. H., & Jauffred, L. (2019). Gender bias in Nobel prizes. Palgrave Communi-
cations, 5, 46. https://doi.org/10.1057/s41599-019-0256-3

Ma, Y., Teng, Y., Deng, Z., Liu, L., & Zhang, Y. (2023). Does writing style affect gender differences in
the research performance of articles?: An empirical study of BERT-based textual sentiment analy-
sis. Scientometrics. https://doi.org/10.1007/s11192-023-04666-w

Maddi, A., & Gingras, Y. (2021). Gender diversity in research teams and citation impact in econom-
ics and management. Journal of Economic Surveys, 35(5), 1381-1404. https://doi.org/10.1111/joes.
12420

Marti, L., Cervell6-Royo, R., & Puertas, R. (2022). Analysis of the nexus between country risk, environ-
mental policies, and human development. Energy Research & Social Science, 92, 102767. https://
doi.org/10.1016/j.erss.2022.102767

McKenna, H. P. (2020). Research impact: Guidance on advancement, achievement and assessment. Springe.

Miotto, G., Del-Castillo-Feito, C., & Blanco-Gonzalez, A. (2020). Reputation and legitimacy: Key
factors for higher education institutions’ sustained competitive advantage. Journal of Business
Research, 112, 342-353. https://doi.org/10.1016/j.jbusres.2019.11.076

Modgil, S., Gill, R., Lakshmi Sharma, V., Velassery, S., & Anand, A. (2018). Nobel nominations in sci-
ence: Constraints of the fairer sex. Annals of Neurosciences, 25(2), 63-78. https://doi.org/10.1159/
000481906

Mohd Rasdi, R., Tauhed, S. Z., Zaremohzzabieh, Z., & Ahrari, S. (2022). Determinants of research per-
formance of university academics and the moderating and mediating roles of organizational cul-
ture and job crafting. European Journal of Training and Development. https://doi.org/10.1108/
EJTD-11-2021-0192¢

Morgan, A. C., Way, S. F., Hoefer, M. J. D., Barremore, D. B., Galesic, M., & Clauset, A. (2021). The
unequal impact of parenthood in academia. Science Advances. https://doi.org/10.1126/sciadv.abd1996

Morgan Jones, M., Manville, C., & Chataway, J. (2017). Learning from the UK’s research impact assess-
ment exercise: A case study of a retrospective impact assessment exercise and questions for the future.
The Journal of Technology Transfer, 47(3), 722—746. https://doi.org/10.1007/s10961-017-9608-6

Nielsen, M. W., & Borjeson, L. (2019). Gender diversity in the management field: Does it matter for
research outcomes? Research Policy, 48(7), 1617-1632. https://doi.org/10.1016/j.respol.2019.03.006

Nygaard, L. P., Aksnes, D. W., & Piro, F. N. (2022). Identifying gender disparities in research per-
formance: The importance of comparing apples with apples. Higher Education, 84, 1127-1142.
https://doi.org/10.1007/s10734-022-00820-0

Paswan, J., & Singh, V. K. (2020). Gender and research publishing analyzed through the lenses of dis-
cipline, institution types, impact and international collaboration: A case study from India. Sciento-
metrics, 123, 497-515. https://doi.org/10.1007/s11192-020-03398-5

Patterson, L., Varadarajan, D. S., & Saji Salim, B. (2021). Women in STEM/SET: Gender gap research
review of the United Arab Emirates (UAE)—a meta-analysis. Gender in Management, 36(8), 881—
911. https://doi.org/10.1108/GM-11-2019-0201

Pilkina, M., & Lovakov, A. (2022). Gender disparities in Russian academia: A bibliometric analysis.
Scientometrics, 127, 3577-3591. https://doi.org/10.1007/s11192-022-04383-w

Puertas, R., & Marti, M. L. (2023). Regional analysis of the sustainable development of two Mediterranean
countries: Spain and Italy. Sustainable Development, 31(2), 797-811. https://doi.org/10.1002/5d.2420

Puertas, R. M., Martin Martin, J. M., Guaita Martinez, J. M., & Serdeira Azevedo, P. (2022). Analysis of
the role of innovation and efficiency in coastal destinations affected by tourism seasonality. Journal
of Innovation & Knowledge, 7(1), 100163. https://doi.org/10.1016/j.jik.2022.100163

Régner, 1., Thinus-Blanc, C., Netter, A., Schmader, T., & Huguet, R. (2019). Committees with implicit
biases promote fewer women when they do not believe gender bias exists. Nature Human Behavior,
3, 1171-1179. https://doi.org/10.1038/s41562-019-0686-3

Rosa, R. (2022). The trouble with ‘work-life balance’ in neoliberal academia: A systematic and critical
review. Journal of Gender Studies, 31(1), 55-73. https://doi.org/10.1080/09589236.2021.1933926

Sa, C., Cowley, S., Martinez, M., Kachynska, N., & Sabzalieva, E. (2020). Gender gaps in research pro-
ductivity and recognition among elite scientists in the US. Canada and South Africa. Plos ONE,
15(1), €0240903. https://doi.org/10.1371/journal.pone.0240903

Santos, J. M., Horta, H., & Amancio, L. (2021). Research agendas of female and male academics: A new
perspective on gender disparities in academia. Gender and Education, 33(5), 625-643. https://doi.
org/10.1080/09540253.2020.1792844

Sarabi, Y., & Smith, M. (2023). Gender diversity and publication activity—an analysis of STEM in the
UK. Research Evaluation. https://doi.org/10.1093/reseval/rvad008

Sexton, T. R., Silkman, R. H., & Hogan, A. J. (1986). Data envelopment analysis: Critique and exten-
sions. New Directions for Program Evaluation, 32, 73—105. https://doi.org/10.1002/ev.1441

@ Springer


https://doi.org/10.1057/s41599-019-0256-3
https://doi.org/10.1007/s11192-023-04666-w
https://doi.org/10.1111/joes.12420
https://doi.org/10.1111/joes.12420
https://doi.org/10.1016/j.erss.2022.102767
https://doi.org/10.1016/j.erss.2022.102767
https://doi.org/10.1016/j.jbusres.2019.11.076
https://doi.org/10.1159/000481906
https://doi.org/10.1159/000481906
https://doi.org/10.1108/EJTD-11-2021-0192ç
https://doi.org/10.1108/EJTD-11-2021-0192ç
https://doi.org/10.1126/sciadv.abd1996
https://doi.org/10.1007/s10961-017-9608-6
https://doi.org/10.1016/j.respol.2019.03.006
https://doi.org/10.1007/s10734-022-00820-0
https://doi.org/10.1007/s11192-020-03398-5
https://doi.org/10.1108/GM-11-2019-0201
https://doi.org/10.1007/s11192-022-04383-w
https://doi.org/10.1002/sd.2420
https://doi.org/10.1016/j.jik.2022.100163
https://doi.org/10.1038/s41562-019-0686-3
https://doi.org/10.1080/09589236.2021.1933926
https://doi.org/10.1371/journal.pone.0240903
https://doi.org/10.1080/09540253.2020.1792844
https://doi.org/10.1080/09540253.2020.1792844
https://doi.org/10.1093/reseval/rvad008
https://doi.org/10.1002/ev.1441

6632 Scientometrics (2023) 128:6611-6632

Shen, H., Cheng, Y., Ju, X., & Xie, J. (2022). Rethinking the effect of inter-gender collaboration on research
performance for scholars. Journal of Informetrics, 16(4), 101352. https://doi.org/10.1016/j.joi.2022.
101352

Silander, C. (2019). Gender equality in the European Union. Political entrepreneurship in Europe 2020:
Smart, sustainable and inclusive growth in Europe. Edward Elgar Publishing.

Silander, C., Haake, U., Lindberg, L., & Riis, U. (2022). Nordic research on gender equality in academic
careers: A literature review. European Journal of Higher Education, 12(1), 72-97. https://doi.org/10.
1080/21568235.2021.1895858

Squazzoni, F., Bravo, G., Grimaldo, F., Garcia-Costa, D., Farjam, M., & Mehmani, B. (2021). Gender gap
in journal submissions and peer review during the first wave of the COVID-19 pandemic A study on
2329 Elsevier journals. PLoS ONE, 16(10), €0257919. https://doi.org/10.1371/journal.pone.0257919

Szuwarzynski, A. (2019). Benefit of the doubt approach to assessing the research performance of Australian
universities. Higher Education Quarterly, 73(2), 235-250. https://doi.org/10.1111/hequ.12184

Thelwall, M. (2020). Female citation impact superiority 1996-2018 in six out of seven English-speaking
nations. Journal of the Association for Information Science and Technology, 71(8), 979-990. https://
doi.org/10.1002/asi.24316

Tiedemann, T., Francksen, T., & Latacz-Lohmann, U. (2011). Assessing the performance of German Bun-
desliga football players: A non-parametric metafrontier approach. Central European Journal of Opera-
tions Research, 19, 571-587. https://doi.org/10.1007/s10100-010-0146-7

Tzanakou, C., & Pearce, R. (2019). Moderate feminism within or against the neoliberal university? The
example of Athena SWAN. Gender, Work & Organization, 26(8), 1191-1211. https://doi.org/10.1111/
gwao.12336

van Arensbergen, P., Weijden, 1. V. D., & Besselaar, P. V. D. (2012). Gender differences in scientific pro-
ductivity: A persisting phenomenon? Scientometrics, 93(3), 857-868. https://doi.org/10.1007/
s11192-012-0712-y

Verdugo-Castro, S., Garcia-Holgado, A., & Sinchez-Gémez, M. C. (2022). The gender gap in higher STEM
studies: A systematic literature review. Heliyon, 8(8), e10300. https://doi.org/10.1016/j.heliyon.2022.
¢10300

Villano, R. A., & Tran, C. D. T. T. (2019). Technical efficiency heterogeneity of tertiary institutions in Viet
Nam: A metafrontier directional technology approach. Technological and Economic Development of
Economy, 25(6), 1058—1080. https://doi.org/10.3846/tede.2019.7452

Wongchai, A., Liu, W. B., & Peng, K. C. (2012). Dea metafrontier analysis on technical efficiency dif-
ferences of national universities in Thailand. International Journal on New Trends in Education and
Their Implications, 3(4), 30-42.

Xia, C. Y., Yuan, Z. H., He, W. Y., & Zhao, J. H. (2021). An empirical study on scientific research perfor-
mance of universities in different regions of China based on PCA and Malmquist Index method. Edu-
cation Research International. https://doi.org/10.1155/2021/9699640

Zhang, M., Zhang, G., Liu, Y., Zhai, X., & Han, X. (2020). Scientists’ genders and international academic
collaboration: An empirical study of Chinese universities and research institutes. Journal of Informet-
rics, 14(4), 101068. https://doi.org/10.1016/.j0i.2020.101068

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such publishing agreement and applicable
law.

@ Springer


https://doi.org/10.1016/j.joi.2022.101352
https://doi.org/10.1016/j.joi.2022.101352
https://doi.org/10.1080/21568235.2021.1895858
https://doi.org/10.1080/21568235.2021.1895858
https://doi.org/10.1371/journal.pone.0257919
https://doi.org/10.1111/hequ.12184
https://doi.org/10.1002/asi.24316
https://doi.org/10.1002/asi.24316
https://doi.org/10.1007/s10100-010-0146-7
https://doi.org/10.1111/gwao.12336
https://doi.org/10.1111/gwao.12336
https://doi.org/10.1007/s11192-012-0712-y
https://doi.org/10.1007/s11192-012-0712-y
https://doi.org/10.1016/j.heliyon.2022.e10300
https://doi.org/10.1016/j.heliyon.2022.e10300
https://doi.org/10.3846/tede.2019.7452
https://doi.org/10.1155/2021/9699640
https://doi.org/10.1016/j.joi.2020.101068

	Are female researchers more efficient? An analysis of gender in a Spanish technological university
	Abstract
	Introduction
	Literature review
	Methodology and data
	Methodology: non-concave metafrontier and cross-efficiency
	Variables and data

	Results and discussion
	Q1. Are there gender differences in research efficiency depending on the different disciplines?
	Q2. Who achieves the best results in knowledge areas that make up each discipline?

	Conclusions
	Appendix
	Acknowledgements 
	References




