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Higher education institutions (HEIs) have been undertaking considerable
efforts to embed sustainability into their system; however, there have been
limited studies on the incorporation of sustainability into research. In parallel,
it has been found that women have an important role in contributing
to sustainability since they are more engaged and have a more holistic
perspective on sustainability than men. These two phenomena have resulted
in limited studies about the contribution of women to sustainability research
(i.e., in scientific publishing). A bibliometric analysis of more than 39,000
documents (with 147,090 authorships) was done to fill this gap, focusing on
sustainability peer-review publications in Europe between 2015 and 2020.
The results show that women'’s presence in sustainability research has been
increasing during the last years; however, there are still few female authorship
publications, even in fields that have been traditionally women-oriented.
In addition, their publications have been less recognized by the scientific
community. The results also show substantial gender differences in terms
of author leadership, where female senior researchers are more likely to
mentor female junior researchers than men. Female researchers tend to
collaborate nationally, but they could improve their international collaboration
since this can improve their research and impact. More support should
be provided to female researchers to help foster women's sustainability
engagement and holistic perspectives, reduce existing negative feedback
loops, and increase positive ones. Achieving gender equality is sine qua non
in achieving sustainable societies.

KEYWORDS

gender equality, sustainability, bibliometric analysis, sustainability research, research
evaluation, higher education institutions (HEls)

Introduction

During the last years, higher education institutions (HEIs) have been increasing
considerably the incorporation of sustainability into their system elements (Desha et al.,
2009; Lozano, 2010; Sammalisto et al., 2016), especially in Europe (Karatzoglou, 2013;
Lozano et al.,, 2015, 2019). This has included, for instance, studies on governance, such as
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on board of directors and policies (Valls Martinez et al., 2019);
campus operations (e.g., energy, waste, and water management)
(Amaral et al., 2020); education (e.g., pedagogical approaches
and competences) (Lozano and Barreiro-Gen, 2019); and
assessment and reporting (Matten and Moon, 2004; Disterheft
et al.,, 2012). However, there have been limited studies on the
incorporation of sustainability in research (Withycombe Keeler
etal, 2016; Torabian, 2019), particularly in scientific publishing
(Leal Filho et al., 2021).

In parallel, research has found that women have an
important role in contributing to sustainability. For example,
women have a more holistic perspective on sustainability issues
(Lozano and Barreiro-Gen, 2019) and have higher engagement
levels than men (von Haartman et al., 2017). In HEIs, women
have a more balanced view of sustainability dimensions when
they teach sustainability (Lozano and Barreiro-Gen, 2019) and
collaborate in a more egalitarian way in research than men
(Araujo et al., 2017; Santos et al., 2021).

As a consequence of these two phenomena, there has been
limited research on the contribution of women to sustainability
research, particularly in scientific publications, which are a key
indicator of scientific outputs (Huang et al., 2020), except for
the paper by Khalikova et al. (2021). This article aims to fill this
gap through the analysis of the role of women in sustainability
peer-review publications in Europe.

Literature review

According to the European Commission (2021b), women
represented more than 40% of academic staff on average
in the European Union (EU) in 2019, but there were only
~25% of women with the title of full professor and fewer
than 25% of heads of institutions in HEIs. In research,
women represented around one-third (32.8%) of the total
researchers at the European level (Eurostat, 2021). Although
between 40 and 60% of doctoral graduates were women in
the majority of EU Member States, their presence in senior
academic positions was still quite low (see the Swedish Research
Council, 2021). Women’s underrepresentation persisted across
research and development fields, even in disciplines where
female researchers are more prevalent (European Commission,
2021a). Female researchers tended to have more part-time
and precarious contracts than male researchers (European
Commission, 2021a,b), and there were fewer female presidents
and members of the highest decision-making body in national
academies of science in the EU-27 (European Institute for
Gender Equality, 2021), which is a reflection of an existing “glass
ceiling” (Ekstrom Hagevall, 2021).

Despite a number of policies promoting gender equality
that have been developed by the EU within the framework of
the Gender Equality Strategy, such as the ones on research
and innovation (European Commission, 2022), there are a
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number of issues that limit women’s involvement in research,
for instance, women tend to be invited to a lesser extent
to participate in decision-making processes (Rosser, 2014);
social networks, one of the success factors in research, tend
to be homosocial, typically consisting of men (Aksnes et al,
2019); female researchers have less access to research time than
male researchers (Swedish Research Council, 2021); women
carry the main responsibility of academia non-promotable
work (“academia housework”), such as serving on committees,
administrative work, organization of conferences, and student
service provision (Heijstra et al., 2017); and women have
more difficulties balancing their professional and private lives
(Morgan et al., 2021; European Commission, 2021a), especially
if they care for children, since they tend to take on a greater
responsibility in parenthood (Derrick et al., 2021).

Some studies (e.g., Grogan, 2019; Huang et al., 2020) have
focused on gender differences in academic research, for example,
in productivity and impact. Such differences between female and
male researchers can be partially explained by the differences in
the length of a research career and dropout rates (Huang et al.,
2020). Dropout rates are usually higher in women, especially
in science, technology, engineering, and mathematics (STEM),
called “the leaky pipeline” phenomenon (Grogan, 2019). It
should be noted that academia is not a unified culture, where
every research discipline has its own characteristics regarding
gender differences in, for example, publications and citations
(Ghiasi et al., 2015), international collaboration (Paul-Hus et al.,
2015; Aksnes et al., 2019), and between countries (Lariviere et al.,
2013; Khalikova et al., 2021).

In general, men tend to publish more scientific papers
than women in most European countries (Ghiasi et al,
2015; Paul-Hus et al., 2015; Aksnes et al., 2019), except
for countries with low scientific production, for example,
Latvia, Ukraine,

(i.e., Macedonia,

and Bosnia and Herzegovina), where the rate of female

in Eastern Europe

authorships is higher than that of male authorships.
This gender gap increased due to COVID-19 lockdowns,
resulting in lower publications by female researchers (Ucar
et al, 2022) and decreases in female research leadership
(Bell and Fong, 2021).

Women are significantly less likely to be credited with
authorship than men (Ross et al., 2022). Female researchers
receive fewer citations in their papers than male researchers
(Chatterjee and Werner, 2021), even when publishing in
journals with a higher impact factor (Ghiasi et al., 2015).
Publications have fewer citations when the name of the author is
“more” feminine (Zhang et al., 2022) and when the publication
has a female first or last authorship (Chatterjee and Werner,
2021).

Men are more often listed in the most prestigious author
positions, that is, the first and the last ones (Aakhus et al,
2018; Gupta et al., 2021), although there has been an increase
in female first and last authorships in the last years in disciplines
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such as medicine (Malchuk et al., 2021). Authorship order is an
important factor for hiring and promotion in some academic
disciplines since the first authors are considered to play a leading
role in the research and writing process and the last authors are
commonly related to seniority (Walker et al., 2010; Helgesson
and Eriksson, 2019). Female researchers are more likely to be
first authors when the last author is also a woman rather than if
it is a man (Aakhus et al.,, 2018; Malchuk et al., 2021). Women
are also underrepresented in single-authored papers (West et al.,
2013; Fox et al., 2018), which has high recognition in disciplines
such as humanities (Helgesson and Eriksson, 2019).

Men tend to have a more international profile in research
collaboration than women (Abramo et al., 2013; Paul-Hus et al.,
2015), even in countries with a higher gender balance than
others, such as Norway (Aksnes et al., 2019). Some authors have
proposed actions as a way of increasing women’s visibility and
impact (Derrick et al, 2021), such as fostering international
collaboration (Lariviere et al., 2013; Fox et al, 2017) and
strengthening international networks (Derrick et al., 2021).

In particular, in sustainability research, which is
transdisciplinary, there have been limited studies on the
role of women, except for Khalikova et al. (2021), who surveyed
with a captive sample and a bibliometric analysis, to study the
role of gender in sustainability research. Their results focused on
the environmental dimension of sustainability in topics linked
to industrial ecology. Their study also showed that the countries
with more published papers about gender and environmental
issues were the United States, the United Kingdom, Australia,
and China, and the most frequently cited keywords were
sustainability, climate change, agriculture, and gender.

Methods

A bibliometric analysis was carried out to analyse the role
of women in sustainability peer-review publications in Europe.
The analysis steps followed were (1) formulation of a search
strategy to identify literature on sustainability research, (2) data
retrieval and gender identification, and (3) development of
bibliometric indicators.

A total of 62,112 documents were downloaded in mid-
November 2021 and updated in January 2022 from Clarivate
Analytics Web of Science (WoS) Core Collection [Science
Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (A&HCI)]. The
WoS database (journals and books) classifies research disciplines
into 254 categories. Each journal and book belongs to at least one
of the WoS categories. The WoS category “Green & Sustainable
Science & Technology” was selected to address sustainability
peer-reviewed research (which at the same time is co-classified
with other categories). It was decided to narrow the scope by
using 23 InCites research fields since there were too many
categories. The selected categories were then grouped into
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five overarching fields (natural and applied sciences, business,
humanities, social sciences, and others) for the sake of simplicity.

The European countries were included in the query to
delimitate the geographic coverage (the search strategy is
detailed in Supplementary material) because European HEIs
have been at the forefront of sustainability research (as discussed
by Karatzoglou, 2013; Lozano et al, 2015, 2019). For this
study, documents between 2015 and 2020 were considered since
Agenda 2030 and the Sustainable Development Goals (SDGs),
with SDGS relating to Gender Equality (SDG5), were launched
in 2015.

After having collected the data, the Genderize app* was used
to determine the gender of 245,848 authorships by using the first
name of the authors. The app has an overall accuracy of 82%,
ranging from 11 to 98% in different countries (Karimi et al,
2016). Some documents were excluded because the names were
incomplete (e.g., only the initial of the first name was displayed
or names with no more than two characters) or the names were
ambiguous (e.g., in the case of Chinese names). Documents with
at least one of the authors classified as “unknown” were omitted.
The final data set consisted of 39,100 documents (62.95%), with
147,090 authorships assigned (59.83%), covering papers with
49,614 women and 97,476 men (not unique authors, i.e., the
same female researcher could publish multiple papers).

Once the data were collected, the following variables were
analyzed for the final data set:

1) Gender composition: The data set was divided into (1)
articles authored only by women; (2) articles authored only
by men; and (3) mixed-gender articles, including at least
one man and one woman as authors. A cumulative average
growth rate (CAGR) was used to assess the annual growth
in the period (see Equation 1).

X) .
X

where X and X, correspond to the values that were obtained

CAGR = ( (1)

in the first and last periods of the study, respectively (United
Nations ESCAP, 2015).

The Gender Parity Index (GPI), developed by UNESCO,?
was used to analyse the gender parity between men and women
at the country level, which is the ratio of women divided by the
number of men in a given area (see Equation 2).

Number of women

GPI = (2)

Number of men
In this study, GPI < 0.90 indicates skewness in favor of men (e.g.,
a value of 0.40 in the GPI means that in the area for which it was
1 https://genderize.io/
2 https://learningportal.iiep.unesco.org/es/node/5395
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calculated, for every 100 men there were 40 women); between
0.90 and 1.10 indicates parity between both genders, and >1.10
shows skewness in favor of women. Approximately 10% of the
papers were not considered since the GPI value was infinite as
there were no male authors. To circumvent this problem, a value
of 1.5 was assigned.

An additional analysis was carried out to detect gender
differences in research collaboration, impact, and research fields.
For research collaboration, the authorship affiliation was also
categorized by each paper, whether the article was written by
authors from at least two countries (international collaboration),
by authors from the same country (national), or without co-
authors (no collaboration). The research impact measured
by the number of citations received by each document was
measured, having used the relative impact (number of citations
per document). The InCites categories were used to compare the
research fields’ differences. All the analyses were based on the
full counting method, meaning that a publication co-authored is
fully assigned to each co-author with a weight of one.

2) Gender Research Leadership: The percentage of women
and men in the first and last positions of the paper
was calculated (overall and by field). The relative impact
between the first and last positions by gender was
also calculated. A gender gap that analyzed the average
proportion of male first or last authors minus the
female first or last authors was calculated to determine
the differences.

Limitations of the methods

Some of the limitations of the analysis are as follows:
(1) by considering only the WoS database, the study may
have limitations owing to the underrepresentation of other
published works in other databases (e.g., Scopus or Google
Scholar) and may be a factor influencing the results; the
WoS database has unequal coverage across scientific fields and
underrepresentation of non-English-speaking countries; and (2)
the sustainability science definition guided the selection of the
WoS category used in this study, where there is a bias toward
engineering (as discussed by Bautista-Puig et al., 2021) and there
may have been omissions of certain papers that fit our inclusion
and exclusion criteria (e.g., interdisciplinary papers).

In terms of the use of the Genderize app for the assignation
of gender, the results could present some inaccuracies, such as
gender misclassification may have occurred (e.g., Asian names),
and for the research leadership analysis, some articles may
have an ‘equal contribution’ rule (i.e., authors are ordered
according to the alphabetical sequence) and not in terms of the
contribution (e.g., usually first-author positions are the leaders,
whereas last authors are the senior researchers). The authorship
order may not be an important factor in all the research fields
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TABLE 1 Evolution of papers authored by women, men, and
mixed-gender papers (with the percentage in parentheses).

Year  Paper only Papers Mixed-gender  Total
women only men paper

2015 293 1,143 1,656 3,092
(9.48%) (36.97%) (53.56%)

2016 366 1,399 2,280 4,045
(9.05%) (34.59%) (56.37%)

2017 534 1,869 2,803 5,206
(10.26%) (35.90%) (53.84%)

2018 707 2,267 3,939 6,913
(10.23%) (32.79%) (56.98%)

2019 764 2,357 4,825 7,946
(9.61%) (29.66%) (60.72%)

2020 1,416 3,406 7,078 11,898
(11.90%) (28.63%) (59.49%)

Total 4,080 12,441 22,581 39,100
(10.43%) (31.82%) (57.75%)

considered. The first-author position may not imply having a
research leading role, and the last-author position may not imply
seniority in all the research fields.

Results and discussion

Gender composition in sustainability
research

This section presents an overview of gender differences in
the distribution of male and female researchers over time at the
paper level (horizontal segregation). A total of 39,100 records
(including all types of documents) were retrieved during the
period 2015-2020. From this, a total of 49,614 women (33.73%)
and 97,476 men (66.27%) were identified (with the possibility
that one author appears more than once). This points to female
researchers being less represented than male researchers in
Europe in sustainability peer-review publications.

Table 1 shows the evolution of articles authored only by
women, only by men, and mixed-gender papers (at least one
man and one woman). The results show that most of the
papers published in sustainability research in the whole period
were mixed-gender papers (almost 60%). Although the papers
authored only by women have increased considerably in this
period (from 293 to 1,416 papers), they are almost three times
less than the papers authored only by men (10.43 and 31.82%,
respectively).

Figure 1 shows the GPI ratio by countries of the affiliation
authors. There are more publications from male researchers
than female researchers in most European countries (in blue)
(in line with Ghiasi et al, 2015; Paul-Hus et al, 2015,

frontiersin.org
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FIGURE 1

Adapted Gender Parity Index (GPI) by countries (0.90-1.10 gender parity; <0.90 in favor of men; >1.10 in favor of women). Only European
countries are displayed on the map, although the publications’ co-authors may be from outside Europe.

and Aksnes et al., 2019)visualization. NB-P: methodology. Such
countries are also the ones with the highest number of papers
(12 countries with >1,000 documents) and the most prolific
countries (e.g., the United Kingdom with 6,950 unique papers,
Spain with 5,788, Italy with 5,476, and Germany with 5,317).
Poland (2,714 papers, 0.92 GPI), Portugal (1,624 papers, 0.91
GPI), Serbia (392 papers, 1.05 GPI), Slovakia (386 papers, 1.06
GPI), Lithuania (379 papers, 0.90 GPI), Slovenia (379 papers,
0.90 GPI), Ukraine (82 papers, 1.06 GPI), and Bosnia and
Herzegovina (22 papers, 1.04 GPI) have the biggest gender parity
(between 0.90 and 1.10). Countries with a higher proportion
of female authorships than that male authorships are located
in Eastern Europe [Romania (1,109 papers, 1.18 GPI), Latvia
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(197 papers, 1.40 GPI), and Albania (16 papers, 1.40 GPI)]. This
concurs with previous research that has highlighted that Eastern
European countries have a better gender balance in research
author publications (see Lariviere et al., 2013).

Most of the papers published are mixed-gender papers
60%), 44% had
collaboration and 56% national (see Figure 2). Publications

(almost where international research
authored only by women have more national research
collaboration (43%) than international (16%). This tendency
increased during the first year of the COVID-19 pandemic
(5.3 points lower in international research collaboration and
6.98 higher in no collaboration). Papers authored only by

women represent 4.44% of all documents with international
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FIGURE 2
Collaboration evolution (2015-2020) of (A) papers authored by women; (B) papers authored by men; (C) mixed-gender papers, in international
collaboration (blue), national collaboration (green), and no collaboration (gray).

collaboration against 28.80% from papers authored only by men citations/doc) (concurring with Zhang et al, 2022). This
(in line with Abramo et al., 2013; Paul-Hus et al., 2015). citation gap is also shown in the papers not cited (31
Figure 3 shows the research collaboration differences in out of 100 papers authored only by women have not had
papers authored only by women. The results highlight that, any citation vs. 22 out of 100 men’s papers). As this
although there is a better gender balance (measured by is key in academic promotion, the citation gap increases
GPI values) and a predominance of female authors in gender inequality.
Eastern countries, researchers from these countries either Figure 4 shows the differences between research fields in
collaborate more on a national level or do not collaborate sustainability peer-review publications in Europe, where the
(e.g., Poland and Romania). Papers with international research results of the sustainability research category in WoS are
collaboration are mainly driven by female authors from skewed to the natural and applied sciences. The proportion
Western countries (e.g., the United Kingdom, Spain, France, of female research production, as unique authors, ranges
Germany, and The Netherlands), which complements Lariviere between 0 and 36% of authorships in all research fields.
et al. (2013) and Fox et al. (2017). A similar pattern Women have a low publishing percentage in STEM fields
is presented in mixed-gender papers, with this tendency (see Figure 4), while the proportion of papers authored only
being more skewed in papers authored only by men (see by women is almost one-third in three fields [e.g., social
Supplementary Figures S1, S2). sciences (35.85%), business (32.15%), and humanities (35.85%)].
Papers with female authorship in sustainability research However, even in such research fields, the percentage of
have a significantly lower impact (e.g., 8.49 citations/doc papers authored only by men is higher than the publications
authored only by women and 7.88 citations/doc mixed- authored only by women. This shows the underrepresentation
gender papers) than papers with only male authorship (14.29 of female production even in fields where women are not
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collaboration (gray).

Collaboration maps by papers authored only by women, with international collaboration (blue), national collaboration (green), and no

a minority (in line with European Commission, 2021a).
Although the proportion of mixed-gender papers is almost
60%, only in seven fields (out of 17) a percentage of >50% of
mixed-gender papers is found (by analyzing individually each
research field).

Gender leadership in sustainability
research

The results show that there is a considerable gender gap in
sustainability research leadership. Female first authorships are
substantially lower than male first authorships (38.61% women
vs. 61.39% men), and this gap is even higher for the last
authorship position (30.07% women and 69.93% men), which
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is commonly related to seniority. However, these positions for
women improved over the period studied (6.11 points higher
for female last authorship and 5.96 higher in first authorships)
(Figure 5). Female researchers are more likely to be listed as the
first author when the last author is a woman (55 out of 100
women vs. 31 out of 100 men), which reflects that senior female
authors have higher rates of mentorship of female first authors,
concurring with Aakhus et al. (2018) and Malchuk et al. (2021).

In terms of research impact, papers with women in
the first and last author positions have lower recognition
than
those papers with men in the same positions, e.g., 5.05

(fewer citations) from the scientific communities
citations/doc female first (vs. 9.41 men) and 3.73 citations/doc
last (vs. 10.73 men). Similarly, female authors are more

likely to be not cited when they sign in the last position
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FIGURE 4

Circular stacked barplot of the percentage of papers with unique female representation (purple), only male representation (blue), and
mixed-gender papers (yellow) by InCites fields. The number of documents is indicated within parentheses. Each paper can be classified into
multiple categories.

(18.31% of papers by women and 15.10% of papers male-oriented ones, having the lowest percentage gap (>0.23).
by men). The largest gender gap in both positions (first and last) is found

Figure 6 shows the proportion of male and female first and in male-dominated fields such as physics, molecular biology and
last authors in each InCites field. The proportion of female genetics, and computer science (>0.59) (STEM careers).

authors in research leadership positions (first and last position)
is lower than those of male authors in both positions in all fields

(except in pharmacology, with 50%). In traditionally female- Conclusion

oriented fields, there is a higher proportion of female first and

last authors (e.g., business with 49% as a first author, humanities Higher education institutions have undertaken considerable
and social sciences with 43%, respectively) than in traditionally efforts to incorporate sustainability into their system elements,
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Percentage of women and men in the first and last position of a paper.

such as governance, campus operations, and assessment and
reporting; however, there have been limited studies on the
incorporation of sustainability in research, particularly in
scientific publishing. In parallel, previous research has found
that women have an important role in contributing to
sustainability since they tend to have a more holistic perspective
on sustainability issues and be more engaged with sustainability
than men. However, there has been limited research on
the contribution of women to sustainability research (i.e., in
scientific publications). A bibliometric analysis of more than
39,000 documents (with 147,090 authorships) was done to fill
this gap, focusing on sustainability peer-review publications
in Europe.

The results show that women’s contribution to sustainability
research has been increasing during the last years, although
the percentage of female researchers is still low. Female
authorship varies in the different fields that are included in the
sustainability category, but women are underrepresented even
in those research fields where women are not a minority. Female
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authorship is higher (in relative terms) mainly in countries with
a low total number of publications (e.g., Eastern Europe) than
in countries with a high number of sustainability articles (e.g.,
Western Europe).

Female researchers tend to collaborate when they publish
but their of
collaboration among women can be boosted (particularly

sustainability articles, levels international
in Eastern Europe). This could extend their opportunities
and broaden their horizons and publication impact, especially
after the COVID-19 pandemic, which reduced international
collaboration among female researchers.

The results show that female publications are less recognized
by scientific communities (e.g., in terms of citations), which
affects their promotion and salary, and this, in turn, generates
negative feedback loops that affect their impact. Female
researchers tend to lead sustainability papers to a lesser extent
than men, especially in STEM. Female senior researchers are
more likely to be mentors of female junior researchers than
men, creating positive sustainability research feedback loops.
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FIGURE 6
Gender distribution and gender gap of first and last authors in InCites fields. Ranked by the female first author in descending order.

This highlights the importance of having role models that
can help break “the glass ceiling” and reduce “the leaky
pipeline” phenomenon to address the challenges that female
researchers face.

Achieving gender equality is essential for sustainability
research in becoming more sustainable. More support should
be provided to female researchers to help foster women’s
sustainability engagement and holistic perspectives, reduce the
existing negative feedback loops, and promote the positive
ones in HEIs. With apologies to the White Rabbit in Alice in
Wonderland: “We are late, we are late, for gender equality in
sustainability research”.

This article provides the basis for further analyses
equality in sustainability research and
Thus, further
on conducting empirical analyses, testing whether the

on gender

implementation. research should focus
assumptions that were used in this article are valid, as well as
analyzing female researchers’ contribution to sustainability
(e.g.,
their contribution per European country, their academic

projects grant allocation disparities in Europe),

career path, as well as whether there are barriers that are

stopping
sustainability research.

international collaboration among women in
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