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ABSTRACT

Aim. Promoting gender equality and excellence are key policies in academia. There-
fore, in this work, we investigated scientific output and potential gender disparities
of researchers across different faculty positions in the Complutense University of Madrid
(UCM), the largest academic institution in Spain.

Methods. Researchers’ data was obtained from the UCM Scientific Production Portal.
Full name, academic rank, affiliation, thesis defence year and SCOPUS Hirsch (%)-index
was collected for each researcher. Sex (men/women) of researchers was assigned after
their first names using Python programming. The m-index was computed by dividing
the 4-index between the length of the researcher’s career, taking in consideration the first
publication. Statistical comparisons and analyses were carried out in RStudio.

Results. We found that women are clearly underrepresented in full professor positions
despite being a majority in lower academic ranks. This gender disparity in full profes-
sor positions has however been narrowing down in recent years. The scientific output
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of researches, as judged by the A-index, varied greatly between Faculties, but overall,
correlated positively with the academic rank and no significant differences were detected
between women and men, although exceptions were noted. Judging by the m-index,
the scientific output of women and men in full professor positions were also alike.

Conclusion. There is effective equality between genders within UCM faculty ranks.
Keywords: Spanish university, faculty rank, gender equality, women, scientific produc-
tivity, s-index, m-index

INTRODUCTION

Historically, women have represented a minority in workplaces requiring a higher
degree of education. However, societal changes have resulted in the expansion of oppor-
tunities for women into previously male-dominated workspaces (Barnett, 2004; Connell,
2005; Giuliano, 2015). The presence of women in academia and science represent a good
example (Schiebinger, 1987). However, it has been noted that sex inequalities still persist
in academia and science, which affect professional hiring, grant proposal success, and du-
ration of employment, among other factors (Etzkowitz et al., 1992; Hechtman et al., 2018;
Moss-Racusin et al., 2012; Roper, 2019). The reasons for such inequalities are multiple
and do not fit all institutions alike (e.g. private vs. public, one country/region vs. another)
(Ceci & Williams, 2011; Tomassini, 2021; Wieczorek-Szymarnska, 2020). In western
countries, most academic institutions count with policies to promote inclusive workforces
and prevent sex inequalities, but there is room for improvement. In Spain, the number
of female and male PhD candidates are approximately the same but yet women are still
a minority in evaluation committees and chairs (Sanchez-Jiménez et al., 2023).

Universities must be an example to society, promoting not only gender inclusion but
also merit and excellence. In this work, we focused on the University Complutense of Ma-
drid (UCM) and study the scientific output of researchers with a gender perspective
in the following academic ranks: assistant professor, associate professor, tenure associate
professor and full professor. To that end, we used publicly available data from the UCM
Scientific Production Portal (https://produccioncientifica.ucm.es/). The UCM Scientific
Production Portal provides information regarding affiliation (Faculty and Department),
academic rank, title of thesis and year of defence, as well as indicators of scientific impact
and productivity, such as the Hirsch (%)-index, which we used as a measure of the sci-
entific output (Hirsch, 2005). Since the /-index increases with time, we also evaluated
the scientific output of researchers with regard to the m-index (Bornmann et al., 2008;
von Bohlen und Halbach, 2011), which correct the 4#-index by the length of the research
career. The sex/gender of researchers is not included in the data provided by the UCM
Scientific Production Portal but it was inferred after the researchers’ first names.

Overall, we found that there is a clear gender imbalance in the rank of full profes-
sors, with 34.60% women vs. 65.40% men. However, there are more women than men
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in lower academic ranks, including associate professors, and parity is expected to occur
in higher academic ranks. The scientific output of researches, as judged by the A-index,
varied greatly depending between Faculties, but in general, was larger for research-
ers in higher academic ranks. Interesting exceptions were noted in specific Faculties
that nonetheless did not reach statistical significance. Statistically significant differences
were neither found between the scientific output of men and women in the different
academic/faculty ranks, but exceptions were also noted in certain Faculties. Finally, we
found that the scientific output of full professor generations as judged by the m-index
has remained constant over the years with perhaps a trend towards increasing in younger
full professors, both women and men. Carrying out these analyses is important to mon-
itor and detect potential gender disparities in academic institutions.

MATERIALS AND METHODS
Data Collection and Processing

Researchers’ data are stored in the UCM Scientific Production Portal, under the re-
searchers’ section (https://produccioncientifica.ucm.es/investigadores). In this di-
rectory, each researcher has a unique identification number (RID) and associated
data is found under six different subdirectories: (i) general information (“.../RID/
detalle™), (ii) publications (“.../RID/publicaciones”), (iii) collaborations (“.../RID/
colaboracion”), (iv) thesis (own and supervised) (“.../RID/tesis”), (v) projects (“.../
RID/proyectos”) and (vi) scientific production metrics (“.../RID/indicadores”). All
these pages were downloaded in HTML format using WGET (https://www.gnu.
org/software/wget/). The pages were then parsed using a Python script, obtaining
for each UCM researcher the following fields: RID, full name, rank, affiliation,
thesis defense year and SCOPUS Hirsch (4)-index. Sex (men/women) of researchers
was guessed using a Python script that compared researchers’ first names to those
found in a large dataset of women and men first names. Python scripts to parse re-
searcher data and guess sex can be obtained from corresponding author upon written
request. All data collected in June 2023.

Computation of m-index

The m-index was used to compare the scientific output of researchers with different
career length (Bornmann et al., 2008; von Bohlen und Halbach, 2011). The m-index of au-
thors was computed using equation 1: m-index = Ay/h, where / is the A-index and Ay
is the number of years elapsed between the first publication and 2023, which is the year
in which the data was collected.
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Statistical Methods

Pearson’s Chi-squared test was used to test the independence of sex with regard to ac-
ademic rank. Kruskal-Wallis rank sum test was applied identify statistical differences
between quantitative variables in more than two groups (e.g. #-index in different academic
ranks). Mann-Whitney U Test was performed in order to detect statistically significant
differences between quantitative variables such as /-index and m-index, with regard to gen-
der and academic rank. In multiple testing, p-values were corrected using Holm—Bonfer-
roni method (Holm, 1979). Statistical analyses were carried out in RStudio. All plots were
generated in RStudio with the help of the specific R package ggplot2 (Wickham, 2016).

RESULTS AND DISCUSSION
Gender Bias in Faculty Positions

To study sex disparities within UCM faculty ranks, we resorted to data available
at the UCM Scientific Production Portal (https://produccioncientifica.ucm.es). At the time
of carrying out this work (June 2023), the UCM Scientific Production Portal included 6588
researchers and we put together a dataset including the following information for each
of them: Full name, affiliation, position/faculty rank, year of thesis of defense, 4-in-
dex, m-index and sex. Sex was not available at the portal and was assigned to each
researcher after their first names as indicated in Material Methods. The m-index, which
offers a time-adjusted evaluation of researches’ output, is neither available at the portal
and was computed as indicated in Material and Methods. To carry out the analysis, we
selected 3250 UCM researchers among the following faculty positions: Full Professor
(CU: “Catedratico de Universidad”) (708), Tenure Associate Professor (PTU: “Profesor
Titular de Universidad”) (1332), Associate Professor (PCD: “Profesor Contratado Doctor”)
(762) or Assistant Professor (PAD: “Profesor Ayudante Doctor”) (448). Data is provided
in supplementary dataset.

Overall, the number of women and men with faculty appointments at the UCM
is quite similar: 1658 men (51.02 %) and 1592 women (48.98 %). However, the pro-
portions of men and women vary between different faculty ranks (Figure 1A). Among
lower faculty ranks (PAD followed by PCD) there are more women than men: 56.47 %
of PAD and 54.33 % of PCD are women. Among PTUs there also more women than men
but the numbers are about the same (51.05 % women vs. 48.95 % men). By contrast,
in the highest academic rank (CU), men are clearly overrepresented (65.40 % men vs.
34.60 % women). A chi-squared (X?) test also indicated that gender and faculty rank are
not independent (X* = 79.631, p < .001) with the major contribution to the X statistics
corresponding to CUs (X?=58.59). In fact, without taking in consideration CUs, there is no
statistical difference between the number of women and men in different academic ranks
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(PAD, PCD and PTU) (X* = 4.74, p = .093). Therefore, the only statistically significant
difference between the number of women and men is in CUs. A similar result was found
when the analysis was stratified by Faculties. With a few exceptions, there are more men
than women among CUs in all Faculties (Figure 1B). Moreover, in two Faculties, Faculty
of Social Work and Faculty of Dentistry, there are no women within the CU rank, while
they represent 87.50 % and 55.56 % of PADs, respectively. There are also Faculties
displaying specific peculiarities. For example, in the Faculties of Mathematical Sciences
and Computer Sciences, there are also more men than women among all lower academic
ranks (PAD, PCD and PTU). In the faculties of Pharmacy and Philology the opposite
occurs: there are more women than men among all academic ranks, including CUs.

Figure 1
Men and Women in Different Faculty Ranks
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Note. A. Figure depicting the percentage of men and women (Y axis) in the different
academic ranks (X-axis) for the entire UCM. The following ranks are considered: Full
Professor (CU), Tenure Associate Professor (PTU), Associate Professor (PCD), and As-
sistant Professor (PAD). B. Percentage of women and men (Y axis) within the CU,
PTU, PCD and PAD academic ranks in the different Faculties (X-axis).

Source. Supplementary dataset generated and provided in this study.

Longitudinal Gender Analysis in UCM Faculty Ranks

Since women joined the academic work latter than men, we examined the number
of men and women in the different faculty ranks with regard to the year of the defence
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of'the thesis (range between 1975 and 2022) (Figure 2). As expected, the results clearly
reflect a relationship between higher faculty ranks and age, both for men and women.
Thus, the majority of CUs defended their thesis between 1985 and 1991. Not a single
CU has defended the thesis latter than 2010. The rank of PCDs is somewhat in between,
with more than 50 % of them defending their thesis between 2005 and 2013. Interest-
ingly, PTUs have a much wider span of years in which they defended their thesis, indi-
cating that this group is age-wise more heterogeneous. With regard to gender (women
vs. men) in the different ranks, there are more women than men regardless of the age
of defence of the thesis in the ranks of PCD, PAD and PTU. The contrast to this ratio
is again seen in the CU rank. Thus, there are more men than women in the CU rank
at any of the years examined, independently of the year in which the defence of the the-
sis took place. However, the gap between the numbers of men and women in the CU
rank appears to be narrowing down, especially for those who defended their doctoral
thesis between 2005 and 2010. This analysis does not reflect when researchers took
their appointment but nonetheless serves to assess gender imbalance in Faculty ranks
longitudinally. In this sense, parity between men and women among PTUs, PCDs
and PADs has long been reached in the UCM, but it is not the case for CUs.

Figure 2
Women and Men in Faculty Ranks per Year of Thesis Defences
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Note. Figure shows the number (N) of women and men (Y-axis) in the different aca-
demic ranks (CU, PTU, PCD and PAD) in the period 1975-2022 attending to the year
that defended their theses.

Source. Supplementary dataset generated and provided in this study.
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Gender-Stratified Analysis of Scientific Output in UCM Fac-
ulty Members

We evaluated the scientific output of researchers in UCM faculty ranks, as judged by
the SCOPUS #-index, for both women and men. We are aware that there is no single one-fits
all metric to measure scientific output. However, the #-index is gaining recognition and ac-
ceptance since it is simple and it takes into account the volume of the scientific produc-
tion (number of publications) and impact (citations) (Hirsch, 2005). We found no statistically
significant differences between the scientific output of women and men in any of the faculty
ranks, as judged by the A-index (Figure 3). However, the A-index of researchers, both,
women and men, in higher academic ranks is significantly larger than that of researchers
in lower academic ranks: #-index CUs > A-index PTUs > h-index PCDs ~ h-index PADs
(Table 1). It is also worth noting that the #-index of researches, both women and men, vary
largely in higher academic ranks, particularly among CUs. Since the /-index increases with
age, this observation is likely related to the fact that CUs and PTUs have a wider range
of ages than PCDs and PADs, which are generally younger. We also noted that the 4-index
of a significant fraction of CUs falls below the median /4-index of researchers in lower
academic ranks (PCD and PAD), perhaps pointing to limitations in SCOPUS /-index
to evaluate research output for some academic disciplines.

Figure 3
Scientific Output of Men and Women within Different Faculty Ranks
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Note. Boxplots representing the distribution of the h-index (Y-axis) for men and women
(X-axis) in the different faculty ranks shown in the top of the figure. No statistically
significant difference was detected between the scientific output of women and men
in any of the Faculty Ranks.

Source. Supplementary dataset generated and provided in this study.
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Table 1
Statistical Comparisons between the Scientific Output of Researchers in Different
Faculty Ranks for both, Women and Men

Gender Rank N CU PTU PCD PAD

Men CU 398 NA <.001 <.001 <.001
PTU 493 <.001 NA <.001 <.001
PCD 273 <.001 <.001 NA 0.2
PAD 149 <.001 <.001 2 NA

Women CU 205 NA <.001 <.001 <.001
PTU 510 <.001 NA <.001 <.001
PCD 309 <.001 <.001 NA .84
PAD 179 <.001 <.001 .84 NA

Note. The SCOPUS h-index was used a measure of scientific output and statistical
comparisons were carried out using pairwise Mann-Whitney U Tests with Holm—Bon-
ferroni corrections. Comparisons were carried out independently for women and men
in different faculty ranks. NA: Not Applicable (self-comparisons).

Source. Supplementary dataset generated and provided in this study.

Since the 4-index can vary between academic/scientific disciplines (Alonso et al.,
2009), we stratified the #-index analysis by considering researchers belonging to four
distinct UCM academic centres (Faculties): Economics and Business, Physics, Medicine
and Philosophy. As noted for the entire UCM, we found no statistically significant dif-
ference between the scientific output of women and men in the different Faculties, with
the exception of the Faculty of Physics in the rank of CUs, where the h-index of men is larg-
er than that of women (Figure 4). This difference may be linked to that fact that women
got into Physics more recently than in other disciplines, and it is likely that women CUs
are younger than men CUs in this Faculty.

Although statistical comparisons were not made between Faculties, there are large vari-
ations in the A#-index of researchers depending on their affiliation (Figure 4). The A#-index
of researchers affiliated to the Faculty of Medicine and the Faculty of Physics are compa-
rable, but much smaller for researchers in the Faculty of Economics and Business, and sel-
dom available for researchers in the Faculty of Philosophy. Since /-index metric does not
appear to be an adequate metric to evaluate scientific output for humanistic disciplines, we
will focus in the remaining disciplines. As seen in the non-stratified analysis, the scientific
output of researchers correlates in general with their academic rank (%-index CU > h-index
PTU > h-index PCD ~ h-index PAD), regardless of their gender (Table 2). An interesting
exception is seen among researchers in the Faculty of Physics, where the median /-index
of PCDs is comparable or higher than that of PTUs, particularly for men. It is also worth
noting that the /-index of CUs and PTUs within the same Faculty vary widely, more
than in other academic ranks, and can be notably low. In Spain, credentials for opting
to the different academics ranks in public universities are required. These credentials are
provided by the National Agency for Quality Assessment and Accreditation (ANECA)
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and scientific output is not the only merit taking in consideration. Among others, merits
related with the professional activity and formation of researchers are also important.
Nonetheless, the ample variation of the /-index in CUs is striking.

Figure 4
Scientific Output of Researchers Stratified by Gender, Academic Rank and Faculty Affiliation
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Note. Box plots showing the scientific output (4-index) of researchers, women and men,
within different academic ranks affiliated in the Faculties of Economics and Business (A),
Physics (B), Medicine (C) and Philosophy (D). Mann-Whitney U Tests were used to iden-
tify statistical differences between groups (* p-value < .05). No statistically significant
difference was detected between the scientific output of women and men in the different
Faculties, with the exception of the Faculty of Physics in the rank of CUs.

Source. Supplementary dataset generated and provided in this study.

Table 2

Statistical Comparisons between the Scientific Output of Researchers in Different
Academic Ranks in Selected Faculties for both, Women and Men

Faculty Gender Rank CU PTU PCD PAD

Econom}cs Men CU NA 097 .038 .076
and Business

PTU  .097 NA 459 416
PCD .038 459 NA 491
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Faculty Gender Rank CU PTU PCD PAD
PAD .076 416 491 NA
Women CU NA .76 A2 .26
PTU .76 NA A2 49
PCD .12 12 NA .82
PAD 0.26 49 .82 NA
Physics Men CU NA <.001 286 .003
PTU <.001 NA 286 .656
PCD 286 .286 NA 245
PAD .003 .656 245 NA
Women - Kruskal-Wallis: p-value = 0.21
Medicine Men CU NA .02 053 0.062
PTU .02 NA 718 0.718
PCD .053 718 NA 1
PAD .062 718 1 NA
Women CU NA .036 051 .020
PTU .036 NA 333 196
PCD .051 333 NA 885
PAD .020 .196 .885 NA
Philosophy Men - Kruskal-Wallis: p-value = .95
Women - Kruskal-Wallis: p-value = .51

Note. The SCOPUS h-index was used as a measure of scientific output and statistical
comparisons were carried out using Kruskal-Wallis Rank Sum Tests. When Krus-
kal-Wallis Rank Sum Test p-value was significant, h-index were compared using pair-
wise Mann-Whitney U Tests with Holm—Bonferroni corrections. Statistically significant
p-values were marked in bold. NA, Not Applicable (self-comparisons). Comparisons
were carried out independently for women and men in different Faculty Ranks.
Source. Supplementary dataset generated and provided in this study.

Longitudinal Analysis of the Scientific Output of CU Researchers

We conducted a longitudinal study to analyse the scientific output of researchers reach-
ing the position of CU. Given that CUs are the group with more variable range of ages
and the A-index increase over time, we used the m-index of researchers to compare the sci-
entific output of CUs that defended their thesis in the same year, with those defending earlier
or later (Figure 5). The m-index corrects the /-index to take in account the length of the re-
searcher’s career (details in Material and Methods). We carried out this analysis for entire
UCM and for CUs affiliated to the following Faculties: Faculty of Economics and Business,
Faculty of Physics and Faculty of Medicine. Considering the entire UCM (Figure 5A),
the m-index of CUs is quite similar (median m-index < 1) regardless of the year of defence
of their thesis (age). However, CUs that defended their thesis more recently (1998-2002)
seems to have larger m-index values, although there is also more variability (Figure SA).
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With regard to gender, there are no significant differences between the m-index of men
and women, regardless of the year that defended their thesis. Focusing on the selected Fac-
ulties, the m-index of CUs remains constant (Faculty of Economics and Business) (Figure
5B) or increases (Faculty of Physics and Faculty of Medicine) (Figure 5C and 5D) with
regard to the year that they defended their thesis. In other words, the scientific output of CUs
corrected by age is higher in younger CUs in the different Faculties. It is also worth noting
that the m-index of CUs of the Faculty of Physics and the Faculty of Medicine is in general
higher than that of CUs in the Faculty Economics and Business. This is expected as both,
the 4-index and m-index, are suitable to quantify scientific output in experimental sciences
but not so much for other disciplines. As a rule of thumb, it has been suggested that an m-in-
dex of I is normal, 1-2 is above average, and > 2 is exceptional (Ndwandwe et al., 2021).
In this sense, there are clearly more exceptional researchers among novel CUs. Although
this rule has to be taking with caution, there seems to be more exceptional researchers
among novel CUs. With regard to gender, the m-index of women and men in the CU rank are
comparable, regardless of the year of the defence of the thesis. An exception is the Faculty
of Physics, where men usually have larger m-index than women. As noted earlier, there are
other important merits contributing to a researcher’s promotion that cannot be accounted by
their /-index, including transfer to industry and society, securing public and private funds
and formation of researchers, among others.

Figure 5
Analysis of the m-index of CUs
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Note. The m-index of researchers in the CU academic rank was obtained for both
women and men, and plotted with regard to the year in which they defended their
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thesis (1979-2002). The analysis was carried for the entire UCM (panel A) and re-
searchers belonging to the following Faculties: Faculty of Economics and Business
(panel B), Faculty of Physics (panel C) and Faculty of Medicine (panel D). In panel, A,
the number of researchers is shown as box plots with women shown in green and men
in blue. Groups with statistically significant differences as judged by Mann-Whitney
U Tests are indicated (* p-value <.05, ** p-value < .01). In panels B, C and D each
dot represents the m-index of a single researcher (women in green and men in blue).
Source. Supplementary dataset generated and provided in this study.

CONCLUSIONS

We found that in the University Complutense of Madrid there are more women
than men in all academic ranks, but in the full professor (CU) rank where there are many
more men than women. However, the gap between women and men in CU positions
is narrowing down. Overall, there are not significant differences between the scientific
output of women and men, but there are significant differences between academic
ranks and Faculties. CUs usually have larger scientific output since they have longer
trajectories. Interestingly, the scientific output of novel generations of CU is similar or
larger than that of previous generations. Monitoring scientific production and gender
in higher academic institutions is of paramount importance in order to safeguard equal-
ity, diversity and excellence. Currently, our results and findings are limited to the Uni-
versity Complutense of Madrid. However, since the Scientific Production Portal, used
as source of data, has been adopted by most universities in Spain, we plan to carry out
this same analysis to other Spanish universities for comparative purposes.
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