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Abstract

Purpose — This paper provides novel evidence on the role of gender in the performance of university students,
which is particularly relevant to the debate on the performance of female students in science, technology,
engineering and mathematics (STEM) subjects.

Design/methodology/approach — Our approach relies on the metafrontier approach proposed by Huang
et al. (2014), which measures students’ efficiency within a given faculty and the impact of the faculty’s
technology on students’ efficiency. We use a sample of 53,159 first-year students in 8 faculties from a large
university in southern Italy from 2002-2003 to 2010-2011.

Findings — Students’ efficiency is relatively low, reflecting an essential role of unobserved heterogeneity. The
different technologies of somewhat similar faculties have minimal impact on efficiency. There is a performance
gap against women in five faculties, which on average is strongest for the faculties in the pure and applied
science area. This gap increases with the proportion of female students and decreases with female lecturers.
Practical implications — The metafrontier has the benefit of providing relevant policy information on the
drivers of student success by relying on data that universities routinely generate and preserve.
Originality/value — The stochastic metafrontier approach allows us to separate the group-specific frontiers
from the metafrontier, yielding a decomposition of the efficiency scores of various faculties into technical
efficiency scores and technological gaps.

Keywords Women in STEM fields, University efficiency, Metafrontier
Paper type Research paper

1. Introduction

In his maiden speech to the upper house Senate, the former Italian Prime Minister Mario
Draghi stated that “ensuring gender equality also means making sure that everyone has
equal access to training in those key skills useful for achieving increasing career success -
digital, technological, and environmental . . . so that more and more young women choose to
train in the areas on which we intend to relaunch the country”. The need to increase
investments in technical colleges in Italy to meet the challenges of a new digitalised and
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technological era is also clear from the National Recovery and Resilience Plan [1]. Mission 4 —
Education and Research - aims to improve the educational system by strengthening science,
technology, engineering and mathematics (STEM) and digital skills in all school cycles.

It is well-known that women are under-represented in STEM subjects. The gender parity in
the number of graduates is eight positions below the European average (see Plan International
and Bocconi University (2021) for a more detailed report that analyses the digital gender gap in
Italy). Indeed, men make up 59 % of STEM graduates, and the percentage increases to 74 % and
68.4% when focusing on Engineering and scientific fields, respectively (Almalaurea, 2018a).
Educational choices made at an early age, when students may enrol in high school tracks that
are more intensive in maths and science, do matter and possibly explain half of the gender gap
in STEM graduation rates (Granato, 2020). Women continue to be underrepresented in STEM
fields and the workforce. Although over the last twenty years, the participation of women in
higher education has rapidly increased with the result that the gender gap in this ambit has
reversed in favour of women (OECD, 2010); there are significant and persistent differences
between male participation rates and female participation rates at the subject level. These
differences are the main factors behind the uneven distribution of women and men across
occupations and the gender pay gap (McNabb et al., 2002; Jacobs, 2003; Bertrand, 2018; Harman
and Bartuskovad, 2023). Indeed, five years after obtaining their STEM master’s degree, 85% of
women are employed, compared to 92.5% of men, and only 45.1% of women have a stable job,
compared to 62.5% of men (Almalaurea, 2018b).

It has been suggested that this gap in performance between secondary education and
tertiary education, more generally, the persistent differences in the numbers of male and
female students earning a STEM university degree, can be attributed to the teaching
methods currently adopted in tertiary education. Blickenstaff (2005) and Kanny et al. (2014),
who systematically reviewed the literature on the gender gap in STEM in the last 40 years,
highlight the importance of teaching-related barriers. Schools, teachers, pedagogy,
curriculum and preparation, and classroom structure directly affect the gender gap in
STEM. These factors also concur with the determination of psychological factors (such as
self-confidence) often evoked as the primary source of this gender gap (Sax and Bryant,
2006). However, as will be apparent from the literature survey in Section 2, few studies
address the extent to which the organisation of teaching activities at the university level may
affect students’ performance independently of their individual characteristics. Quantitative
information about this issue is still lacking, especially if non-US data are considered.

In this paper, we attempt to fill this gap and provide novel evidence from Italy about the
determinants of differential performance of students in higher education, focusing on gender-
related issues and STEM subjects. We use an empirical methodology that attributes students’
academic achievement to different factors. We start by separately considering faculties, which
allows us to assess the role of each faculty’s technology and the role of students’ individual
characteristics within each faculty (institutional details about the nature and duties of faculties
in Italian universities during the period under scrutiny are provided in Section 3). Technology is
modelled via a production set based on examining existing literature, while their technical
efficiency measures the impact of students’ unobserved individual characteristics (such as effort
and ability [2]). Next, we consider how the assessment of technology and efficiency changes if we
evaluate students’ performance vis-a-vis a more comprehensive reference set (such as a scientific
area). Faculties have access, potentially, to different production technologies, being differently
conditioned by several factors, such as lecturers’ characteristics and resource availability. In this
manner, for instance, we can compare the determinants of female students’ relative performance
in STEM subjects with those of female students in other subjects.

More specifically, we apply a meta-frontier approach recently developed by Huang et al.
(2014). This stochastic metafrontier approach disentangles the group-specific frontiers and
metafrontier, which further decomposes the efficiency scores of various faculties into



technical efficiency scores and technology gaps (refer to Section Al in the Online Appendix
for details on the applied procedure). A key advantage of this procedure is that it provides
relevant policy information on the determinants of students’ performance by relying on data
routinely produced and stored by universities.

The analysis uses a sample of 53,159 first-year students from a large university in southern
Italy from 2002-2003 to 2010-2011. The metafrontier has been employed to consider the
efficiency change among different faculties. To our knowledge, this study is the first work to
apply this methodology to the context of Italian higher education. Using student-level data
allows us to control for the student’s ability and other socio-economic characteristics that
influence students’ performance at a university. Furthermore, by focusing on data from one
university, we reduce the role of unobserved heterogeneity in our data. As explained in Section
3, our statistical information crucially relies on an administrative dataset provided by the
statistical office of the university selected for this study.

The paper is organised as follows: Section 2 summarises the main literature on the
relevance of the factors affecting the performance of university students, focusing on the role
of gender. The empirical approach is described in the Online Appendix (Section A1), while
data and the production set are defined in Section 3. The results are presented and
commented on in Section 4. Section 5 offers some concluding remarks.

2. University students’ outcomes: the role of gender

This section provides a short survey and discusses the gender-related determinants of
students’ performance. We lay stress on the evidence relating to the dropout rate, as this kind
of performance is more pertinent to the notions of efficiency that we shall address in our
empirical analysis, where our primary measure of students’ output will be the number of
credits attained at the end of the first year of university. According to the literature (Boero
et al., 2001; Smith and Naylor, 2001; Bratti et al., 2010), the performance of first-year credits is
a strong predictor of the probability and speed of conclusive study completion. The policy
relevance of gender in students’ performance can scarcely be overemphasised due to its long-
term impact on gender differences in the labour market.

The empirical findings in this field are mainly based on (single- and cross-university) survey
data, generally controlling for student abilities before university enrolment (by final high-school
grade and type of institution attended) and showing heterogeneous evidence. On the one hand,
men are more likely than women to drop out of university (Montmarquette ef al., 2001 for
Canada; Arulampalam et al., 2004; Johnes and McNabb, 2004 for the United Kingdom,; Di Pietro
and Cutillo, 2008; Aina, 2011 for Italy). On the other hand, men’s dropout rates are lower than
women'’s (Ishitani, 2003 for the United States; Belloc et al., 2010 for Italy), while other studies find
no relevance for gender-related factors in this ambit (Smith and Naylor, 2001). Student drop-out
behaviour may differ by gender when job opportunities are affected by a period of recession.
When the risk of unemployment is increased and the lifetime earnings are lower, men, mainly
from low unemployment areas, drop out more because they are more pessimistic about
prospects in the labour market or have higher opportunity costs of remaining in education in the
United Kingdom (Bradley and Migali, 2019). Differently, Adamopoulou and Tanzi (2017) find a
decrease in the drop-out probability for men and an increase for women during a recession in
Italy, mainly explained by the student’s field of study, as traditionally, there is a higher
concentration of female students in humanities. As far as Italy is concerned, Contini ef al. (2018)
and Contini and Salza (2020) find that gender differences are substantial such that women do
better than men, having fewer dropouts and higher graduation probabilities, but these
differences reduce and often disappear once we control for prior schooling and fields of study;
Ghignoni et al. (2018) find those female students that drop out from university without a fallback
plan having a higher probability of bad jobs and low earnings.
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The proportion of enrolled women significantly impacts the dropout rate for students of
either gender, even though the results are highly inconsistent. Using data from Ohio State
University, Rogers and Menaghan (1991) find that women'’s likelihood of persistence in
science and technology negatively correlates with the proportion of women in these courses.
Using United States cross-university data, Sax (1996) shows that the gender composition of a
course does not affect men’s and women’s grades and persistence; instead, a higher
proportion of women has a positive effect on men’s persistence and women'’s satisfaction. On
the other hand, Johnson (2010), using data from undergraduate class sections at a single
research institution in the United States, finds evidence that the proportion of female
students is slightly higher in disciplines where they outperform male students. Johnes and
McNabb (2004), relying on cross-university data from the United Kingdom, find that a higher
proportion of female students in a higher-education institution is positively related to
completion for men but negatively for women. They emphasise that their data do not contain
information on gender mix by faculty. Still differently, Mastekaasa and Smeby (2008), using
a sample of Norwegian universities, find that men’s dropout rates are unrelated to the gender
composition of courses, while women drop out of male-dominated programmes more
significantly. This finding does not imply that women face particular problems in
traditionally male contexts. Instead, women greatly prefer strongly female-dominated
programmes.

There is minimal research on the heterogeneous effects of class size on students’ outcomes
in a higher-education setting. Kokkelenberg et al. (2008), using individual data on
undergraduate students from a public university in the United States, find that class size
negatively correlates with final grades across different departments and sample cuts.
Utilising a natural experiment at Stanford Law School, Ho and Kelman (2014) conclude that
assignment to small classes reduces the gender gap (against women) in large classes. On the
other hand, relying on administrative data for the Economics and Management students at
an Italian private university, De Giorgi et al. (2012) find both class size and class composition
effects. A larger class size is associated with lower student performance, and this effect is
more substantial for males and lower-income students. Furthermore, an increase in the
proportion of female students increases performance, but only to a given threshold, after
which the marginal effect declines (and eventually becomes negative).

A small but growing body of literature for American universities focuses on an instructor’s
gender role at the higher education level. Bettinger and Long (2005) find that a female
instructor has a positive and significant role model in course selection and major choice.
However, this finding is invalid for some male-dominated fields, including the sciences.
Hoffman and Oreopoulos (2009) find that students taught by a same-gender instructor are less
likely to drop a course and more likely to increase their grade performance, with males
performing worse when assigned to a female instructor and females performing at the same
level. Carrell et al. (2010) (in contrast with Bettinger and Long, 2005) find that when female
students have female professors in STEM subjects, they face a higher likelihood of graduating.
A professor’s gender seems to be, instead, irrelevant in humanities courses. Artz and Welsh
(2014) find that female students perform better under female lecturers, but this effect weakens
as the proportion of female students increases. Solanki and Xu (2018) provide evidence that the
gap between female and male students regarding course engagement and attitude toward a
STEM subject is reduced when a female instructor teaches a course.

Several mechanisms have been considered to explain this empirical evidence. The literature
emphasises that females leave university mainly because of social factors, while for males, the
primary cause of quitting is their poor academic performance (Tinto, 1993, 1997; Yorke, 1999).
Consequently, a possible explanation for the female dropout probability being much lower in
female-dominated programmes than in balanced or male-dominated programmes could be that
female-dominated programmes are particularly adept at fostering a positive environment for



female students. Rogers and Menaghan (1991) and Johnes and McNabb (2004), who find
evidence of a trend in the opposite direction, also explain. According to Rogers and Menaghan,
fewer women in a course perform better as they do not constitute a challenge to the norms of
gender relations in male-dominated classes and, thus, experience less pressure. Johnes and
MacNabb suggest the relevance of a role model distinct from peer effects. Evidence suggesting
that an increase in the number of female students may penalise their performance is consistent
with a study that suggests that women respond less favourably than men to competitive
environments (e.g. Gneezy et al, 2003; Niederle and Vesterlund, 2011). Regarding the
consequences of class size on gender-related performance, Weaver and Jiang (2005) argue that
females are more sensitive to peer disapproval. Hence, smaller classes reduce fear and heighten
participation as students (particularly females) experience less anxiety. Gender stereotypes
may influence student perceptions, questioning the possible beneficial effects of the presence of
female instructors in male-dominated fields (Bettinger and Long, 2005). Furthermore, the
student-instructor gender (mis)match may not be gender exclusive: female instructors may
exhibit more empathy toward the learning needs of students. There is ample room for further
evidence on these issues, especially in a non-US university setting.

3. Data and production set

3.1 The data

We rely on a unique administrative dataset of 53,159 first-year students enrolled in a large
public university in southern Italy for each academic year from 2002—-2003 to 2010-2011. The
analysis has been carried out only on first-year students to address the critical elements and
weaknesses of the Italian higher-education system, such as the high dropout rate at the end of
the first year and the consistent number of students who do not take any exams during their
first year of study; the performance of first-year students has been considered a proxy of the
regularity of the educational path and a suitable predictor of the probability of graduating on
time (CNVSU, 2011). More specifically, the empirical investigation has been performed using
an administrative dataset provided by the statistical office of the university chosen for this
analysis. These data are collected via a student record system that gathers information at the
individual level on prior educational qualifications, gender, age, socio-economic status,
courses and modules in which students are enrolled, and assessment results. Furthermore,
we relied on the University and faculty official reports to construct consistent information in
each faculty on the number of registered students, full professors, associate professors, and
lecturers. Our overall dataset gathered information on student demographics, such as
gender, educational background and pre-enrolment characteristics (type of high school
attended and grades on the high-school final exams), range of household’s self-declared
income, and general information regarding university careers and performance, such as
passed exams and acquired credits. There is also information on the structural
characteristics of the faculties, such as the number of students, the proportion of female
students, the proportion of female lecturers, and the average class size. Data on the following
faculties have been utilised: Economics, Law, Political Sciences, Engineering, Mathematical
Physical and Natural Sciences, Arts, Languages and Educational Sciences [3]. Descriptive
statistics are presented in the Online Appendix (Table Ala).

Remarkably, there is a close correspondence between the proportion of female students in
this university and the corresponding data at the country level (Pearson and Spearman
correlation coefficients equal to 0.92 and 0.90, respectively). Unfortunately, this comparison
is impossible for class size and the proportion of female lecturers. For our analysis, we group
the faculties into three main scientific areas following the guidelines of the Italian Ministry of
Education: Pure and Applied Sciences (including Engineering, Mathematical Physical and
Natural Sciences), Humanities (including Arts, Languages, and Educational Sciences), and
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Social Sciences (including Economics, Law, Political Sciences). STEM-related subjects
belong to Pure and Applied Sciences, although the two definitions do not precisely
correspond.

Furthermore, the faculty’s choice of where to enrol after secondary school is a crucial
choice that may define the performance at university. Table Alb in the Online Appendix
shows the descriptive statistics separated by gender to see patterns that lead to different
faculty choices for women and men. The percentage of males from a scientific lyceum is
higher in the faculties of Economics, Law, Political Sciences, Arts, Languages and
Educational Sciences. Meanwhile, the Faculties of Engineering and Mathematical Physical
and Natural Sciences have a higher percentage of female students from a scientific lyceum.
Except for the Faculty of Languages, there is a higher percentage of females from a classical
lyceum. Moreover, female students in all faculties have higher high-school grades than
males. The stratification by income is also interesting as there is a higher percentage of males
with high household incomes in all the faculties. Men are, on average, older than females.

To better contextualise the analysis, the university selected for this study is a medium-
large size. Approximately 40,000 students, on average, were registered over the sample
years. Until 2011, the University was organised into departments and faculties, with
departments overseeing research and faculties in charge of teaching provision and
management [4]. On average, approximately 900 full professors, associate professors and
lecturers were teaching in nine faculties. Regarding the financial commitment of the
institution, in the last decade, approximately € 90,000,000 have been invested every year in
academic and non-academic resources. The total university turnover fluctuated during the
same period at approximately € 100,000,000. The University is state-funded. Fees,
dependent on the student’s household income, are pretty low (on average, across the period
considered in the analysis, the highest fees are generally approximately € 1000 per year).
The university’s main campus is located a few kilometres east of the central city in the area,
to which it is well connected via a motorway. The institution can thus be considered a quasi-
urban university, as it is located near a city with slightly above 100,000 inhabitants and a
relative mean income of approximately € 22,300 (near the national mean value).

3.2 The production set and other variables
Data includes information on inputs and outputs usually considered in university efficiency
studies (Johnes, 2006; Barra and Zotti, 2016). The production set, presented in the Online
Appendix (Table A2), includes three measures of inputs and one measure of output.
Knowledge and skills when entering tertiary education are important determinants of
students’ performance as higher ability lowers their educational costs and increases their
motivation. As indicated in Section 2, the type of high school and final grades correlate with
students’ university performance. Therefore, the first input (High school grade) is the grade
each student has obtained on the national exam held at the end of the high school cycle.
Following the same argument, the second input (High school track) is a categorical variable
for the type of secondary school track (academic-oriented or lyceum vs technical high school
and professional high school). The third input (/zcome) is the level of self-reported household
income. More specifically, the income variable measures a student’s equivalent income based
on household income, wealth, and size (similar to the variable used by Belloc et al., 2010). A
student’s equivalent income is identified by the class of tuition fees paid when enrolling at a
university. We constructed only three categories because a finer disaggregation was not
stable throughout the study years: (1) low-household income if a student has an equivalent
income from € 0 to € 12,000, (2) middle-household income if a student has an equivalent
income from €12,001 to € 32,000, and (3) high-household income if a student has an
equivalent income greater than € 32,000.



Our baseline output (Credits) measure is the number of credits obtained at the end of the
first year, like Agasisti and Murtinu (2016). They measure students’ academic performance
at the end of the first year. Various studies (Boero ef al., 2001; Smith and Naylor, 2001; Bratti
et al., 2010) point out that the number of first-year credits strongly predicts the probability
and speed of conclusive study completion. The choice of this output variable is also strictly
related to the institutional setup of Italian universities. Credits obtained at the end of the first
year matter for a single university more than any other measure of students’ academic
achievements, as funding from the central government is primarily conditional upon them.
Quantitative indicators were developed to evaluate teaching productivity because of the
reforms implemented in the Italian higher education system in the 1990s and at the beginning
of the 2000s. Universities were urged to give students a certain number of credits as close as
possible to those theoretically obtainable each year and to graduate within the timeframe
established by the degree protocol. The transition between the first and second years was
considered the main checkpoint to evaluate the regularity of the educational path, and the
credits obtained at the end of the first year assumed a crucial role [5]. It could be argued that,
particularly in the Italian university system, students can choose whether to register to
attend the exam. This decision can depend on risk aversion, and most part of the economic
literature agrees on a higher risk aversion for the female population (Croson and Gneezy,
2009). Therefore, women can postpone the exam date until they feel very prepared, while men
can attempt the exam even if they are less ready. This may affect first-year performance but
not final performance. Tables Alc and Ald in the Online Appendix compare first-year and
final performance by gender. More specifically, for each faculty, categories of faculty and
gender, we compare first-year performances (credits, credits weighted and grades) with three
potential measures of the final performances: percentage of graduates, final grade and time to
get the degree. Regarding the number of credits and grades obtained at the end of the first
year, female students perform better (Table Alc). This trend is also confirmed concerning the
final performances. Indeed, female students have a higher probability of graduating,
obtaining a higher final grade and obtaining a degree in a shorter time (Table A1d) [6]. This
evidence confirms that the first-year performance is a reasonable estimate of the final
performances by gender and could be safely used as the main output.

Given our interest in gender issues, a dummy variable (Female) with a value of 1 if a
student is female and 0 otherwise is always included in the estimates. We also interact
Female with the inputs (High school grade, High school track and Income) and several control
variables available at the faculty level, such as the average class size (Average class size),
measured as the total number of students divided by the number of classrooms within the
faculty; the proportion of female students (Proportion female students), measured as the total
number of female students divided by the total number of students within the faculty; and the
proportion of female lecturers (Proportion female lecturers), measured as the total number of
female academic staff divided by the total number of academic staff within the faculty.

4. The empirical results

4.1 Main results

We start our empirical exercise by testing whether the faculties share the same technology. If
a common underlying technology generated the faculties’ data, we would not be justified in
adopting the metafrontier production function approach. Following Huang et al. (2014), we
apply a likelihood ratio test for the null hypothesis that the production frontiers are the same
for different faculties. The null is rejected across the three scientific areas and for the whole
university (results are available upon request). As this evidence indicates that faculties are
operating under heterogeneous technologies, potential production technology gaps exist,
and adopting the metafrontier production function approach is vindicated.
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In our empirical analysis, regressions of the first and second stages (as described in
Section A1 of the Online Appendix) are run for four different models. First-stage regressions
relate to the performance of students belonging to a given faculty vis-a-vis a frontier,
including all students within a given scientific area. In contrast, second-stage regressions
relate to the performance of faculties belonging to a given area vis-a-vis a frontier, including
all the University’s areas. We start with a simple model, which includes our measure of
output, the basic inputs (high school score, high school track, and income), and a gender
dummy (equal to 1 for female students). Next, we ran a model with individual interactions,
where high school score, high school track, and income interacted with the female dummy.
We employ a model with faculty interactions, where the female dummy has interacted with
the average size of classes in a faculty, the female proportion of students in a faculty, and the
female proportion of lecturers in a faculty. Finally, a model with both individual interactions
and faculty interactions is estimated. A distinctive trait of all these estimates is that
convergence of the maximum likelihood procedures is never achieved when positing for the
u; term the truncated-normal distribution needed to make it a function of a vector of
exogenous variables. On the other hand, the half-normal distribution from (4), see Section A1
in the Online Appendix, performs rather well. A consequence of this condition is that the
most remarkable differences among the faculties’ estimates arise because of differences in
their inputs’ coefficients. We thus chose a format for presenting the evidence that highlights
these differences, particularly for the gender-related variables. We give results for the simple
model, which provides a convenient baseline, and for a restricted version with individual and
faculty interactions, which maximises the log-likelihood ratio test vis-a-vis the baseline [7].

First, we present the individual faculty estimates by scientific areas: Social Sciences
(Table 1a, Online Appendix), Pure and Applied Sciences (Table 1b, Online Appendix) and
Humanities (Table 1c, Online Appendix). Second, we present the aggregate second-stage
estimates for each scientific area (Table 1d, Online Appendix). High school grades and track
are always positive and statistically significant among the primary inputs. At the same time,
income (mostly positive) is not significant for Political Sciences, Engineering, Mathematical
Physical and Natural Sciences, and Arts. There is evidence of a substantial gender gap
(penalising females) in the measure of faculty technology for Law, Engineering,
Mathematical Physical and Natural Sciences, and Arts. In Economics and Languages, the
female dummy is negative but insignificant; in Political Sciences and Educational Sciences,
the dummy is positive (and insignificant). The strongest gender gap is evident in the Pure
and Applied Sciences area. This conclusion is also confirmed by the second stage (area)
estimates, where the female dummy is always negative and significant. Still, its absolute
value is much higher for the Pure and Applied Sciences area.

Regarding the efficiency scores (Table 1e, Online Appendix), they are substantially low
across all faculties, with averages ranging from 0.3849 to 0.2657, mainly because of the high
number of students that conclude the first year without receiving any credit. It is worth
repeating that these scores cannot be associated with either gender or any other covariate.
Accordingly, they can be taken as being driven by students’ unobserved individual
characteristics. On the other hand, the TGRs are high for all faculties, with average values
from 0.9997 to 0.8442. Particularly high values are obtained in the Social Sciences area. As a
result, considering that the technologies of relatively similar faculties do not entail
significant differences in performance and efficiency, the technical efficiency concerning the
metafrontier production technology (MTE) is similar to the technical efficiency concerning
the faculty technology (TE). The lowest TGR (and hence the most significant difference
between TE and MTE) is obtained for the faculty of Engineering.

The interactions with the female dummy reported in Tables A3a (Social Sciences), A3b
(Pure and Applied Sciences), A3c (Humanities) and A3d (2nd stage estimates) in the Online
Appendix highlight some interesting differences in the faculties’ technologies. In three



faculties (Political Sciences, Mathematical Physical and Natural Sciences, and Arts), a
significant negative interaction exists between the female dummy and the proportion of
female students. An increase in the proportion of female students worsens the gender gap
against women (like the findings of Rogers and Menaghan, 1991; Johnes and McNabb, 2004).
As shown in Figure Al in the Online Appendix, these faculties exhibit a relatively big
relative change (either positive or negative) in the proportion of female students. For other
faculties, the proportion is more stationary (and the interaction with the female dummy is
insignificant in estimation). Two faculties (Economics and Political Sciences) have a
significant positive interaction between the female dummy and the proportion of female
lecturers. An increase in the proportion of female lecturers reduces the gender gap against
women (which echoes broadly similar results obtained for American universities). Once
again, the ratio of female lecturers in these faculties shows a sizeable upward change (refer to
Figure Al in the Online Appendix). This proportion is more stationary for other faculties.
There is an exception to this rule, the faculty of Educational Sciences, where the proportion of
female lecturers considerably increases to no avail. However, there is no gender divide in
Educational Sciences, and the proportion of female students consistently exceeds 90% (refer
to Figure A2 in the Online Appendix). Hence, this evidence is consistent with the results of
Artz and Welsch (2104). In Mathematical Physical and Natural Sciences, the rise in the
proportion of female lectures is relatively large but still considerably less than the large
increase in the proportion of female students. Further evidence (from different universities)
seems to be needed if it must be concluded that this faculty is impervious to the increase in
female lecturers due to strong gender stereotypes (Bettinger and Long, 2005). Given this
caveat, this joint evidence has at least a tentative policy implication. If the proportion of
female students increases without impairing their relative performance, the ratio of female
lecturers should also be increased [8]. There are also significant interactions in the female
dummy with average class size, high school grade and income, but they are somewhat
sporadic, and no pattern seems to emerge.

A final point worth emphasising is that a female term that comprises the gender dummy
and all its significant interactions can be constructed. We estimate this female term using the
mean values of the interacted variables. These values are significant for Law, Economics
(Table A3a), Engineering, Mathematical Physical and Natural Sciences (Table A3b), and
Arts (Table A3c). In addition, the second stage (area) estimates show that the strongest
gender gap is again observed in the Pure and Applied Sciences (Table A3d). The results
concerning the efficiency levels are almost the same in the estimates that include interactions
with the female dummy (reported in Table A3e). There are only notable changes in the TGRs
for Engineering, which increase compared to the baseline model, and for Mathematical
Physical and Natural Sciences and Languages, which (to a lesser extent) decrease compared
to the baseline model. For a comprehensive list of robustness checks, refer to Tables A4a-
A4d, A5, A6 e A7, Sections A2.1 and A2.2, in the Online Appendix.

5. Concluding remarks
While the participation of women in higher education has increased over the last twenty
years, there are concerns over the proportion of female students and their performance,
especially relating to STEM subjects. It has been argued that there is a need to re-evaluate the
pedagogy of higher-education institutions, especially concerning STEM subjects. In doing
so, however, it is not easy to disentangle the contribution to the performance of female
students in the organisation of teaching at the faculty level from the role of students’
individual characteristics.

In this paper, we have provided an empirical approach by which data routinely produced
and stored by higher-education institutions can be used to monitor the performance of
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students at the end of their first year, to identify the efficiency of students achieved within a
given faculty, and to determine whether the technologies of relatively similar faculties entail
significant differences in performance and efficiency. This procedure considers both faculty-
specific frontiers and a metafrontier for rather similar faculties, allowing the calculation of a
student’s technical efficiency compared to any faculty’s production technology, a student’s
technical efficiency compared to the metafrontier production technology, and a technology
gap ratio that measures the impact of a given faculty on the student’s performance. Using
this procedure, we provide evidence for a large Italian university, a field of analysis with
some novel content.

We find that the mean students’ efficiency measured via faculty-specific frontiers is low
and does not seem to be related to any available covariates, including gender. This finding
likely reflects the critical role of unobserved heterogeneity, possibly driven by students’
effort and ability. On the other hand, the mean efficiency of faculties vis-a-vis the
metafrontier, although equally unrelated to observables, is relatively high, sometimes
approaching the unity bound. This result means that the different technologies of similar
faculties do not considerably impact efficiency. However, within any given faculty,
technology affects the performance of any single student via the production function
parameters. In this paper, we have devoted particular attention to the parameters that model
the role of gender, about which there is still considerable uncertainty in the literature.

Whenever significant, the gender gap in performance in our data is always against
women. We find five faculties with a significant gender gap: Economics, Law, Engineering,
Arts, Mathematical Physical and Natural Sciences. These faculties are liberal profession-
oriented faculties (except for Arts). The gender gap is strongest in the Pure and Applied
Science areas, where STEM-related subjects belong, although the two definitions do not
precisely correspond. In four faculties (Political Sciences, Arts, Languages, Mathematical
Physical and Natural Sciences), the divide against women increases with a larger proportion
of female students (which is reminiscent of the results of Rogers and Menaghan, 1991; Johnes
and McNabb, 2004; and is consistent with a broader literature that suggests that women react
poorly to the competition: e.g. Gneezy et al., 2003; Niederle and Vesterlund, 2011). These four
faculties share the feature of having a relatively strong trend (positive or negative) in the
proportion of female students. In other faculties, this proportion is stationary. In two faculties
(Political Sciences and, to a slighter extent, Economics), the divide against women is reduced
by a larger proportion of female lecturers. In these faculties, the variable of interest
(proportion of female lecturers in this case) has a particularly strong trend. In Section 4, we
have explained the lack of impact on the proportion of female lecturers in Mathematical
Physical and Natural Sciences and Educational Sciences (although the former case may
require further evidence). The core of this evidence remains valid when a robustness check is
carried out, changing the output indicator in the production set. Weighting the credits
obtained at the end of the first year with the grades associated with each exam reduces the
strength and pervasiveness of the gender divide, which remains strongest in the faculty of
Mathematical Physical and Natural Sciences. The association of the gender divide with the
proportions of female students and female lecturers also remains virtually untouched.

We find strong evidence of lower performance among female students in STEM subjects.
As this lower performance is related to lower probability and speed of final studies
completion, it can be at least part of the explanation for the still low numbers of female
students earning a degree in these subjects. Furthermore, our evidence is consistent with the
proposition that increasing the proportion of female students in a faculty without a
proportionate rise in the proportion of female lecturers is likely to worsen the relative
performance of female students. Yet note that both proportions change very little in our data
for Engineering. In contrast, in our data for Mathematical Physical and Natural Sciences, the
rise in female lectures is relatively significant but still considerably less than the large



increase in female students. Consequently, and especially for STEM subjects, further
validation of our tentative policy implication would be gained from datasets with different
patterns of variations in these proportions across faculties. In future work, we also plan to
extend our empirical set-up, examining the different organisational structures within
faculties that can explain the differences in the performance of males and females.
Investigating the performance variation over time may also be essential to assess the impact
of eventual institutional reforms on our variable of interest.

Notes

1. The National Recovery and Resilience Plan is part of the that the European Union negotiated in
response to the pandemic crisis. For more details, see https://www.governo.it/it/approfondimento/
pnrr-gli-obiettivi-e-la-struttura/16702.

2. As pointed out by a referee, effort could in principle be measured through attendance and hours of
study. Unfortunately, we do not have this kind of information.

3. Note that, due changes in their credit regime, faculties of Law were excluded from our administrative
dataset from 2007 onwards.

4. This institutional setup was ended in 2011, which also led to a stop in the construction of the dataset
used in this study.

5. Formally, the main parameters applied by the Italian Ministry of Education in the teaching quality
assessment include (1) the proportion of students enrolled in the second year, having already
obtained a given number of credits in the first year, and (2) the proportion of students who do not
obtain any credits or pass any exam (i.e. inactive students) at the end of the first year (Ministerial
Decree 18 October 2007, n. 506; see also CNVSU, 2009).

6. The only exceptions are the faculties of Mathematical Physical and Natural Sciences, Art and
Educational Sciences where male students have a lower time to get the degree.

7. The full set of estimates is available upon request.

8. If female students react poorly to competition, their attitudes can be influenced by the provision of
positive role models, such as female lecturers. Mechanisms of this kind have recently been analysed
in Leibbrandt ef al. (2018).
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