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Abstract. This work aims at providing an updated scenario
on the underrepresentation of women in the Italian university
system in the area of geosciences in the last two decades. The
retrieved official data on permanent full and associate pro-
fessors in the 19-years considered highlight some positive
trends: an increase in the number of female full professors
from 9.0 % to 18.5 % and in female associate professors from
23.6 % to 28.9 %. However, although the number of female
full professors almost doubled in this period, such increase
still represents an excessively slow trend. Slightly better is
the trend related to associate professors. The picture por-
trayed for non-permanent researchers, called RTD-b, as in-
troduced by the Italian Law no. 240/2010 (essentially tenure-
track associate professor position), instead raises strong con-
cerns for the future seen that the female percentage is just
26 %, thus exhibiting a significant gender imbalance. This is
even more significant if we consider that the student popula-
tion in geosciences shows a gender imbalance of about 37 %,
no gender gap at PhD level and a relatively high Glass Ceil-
ing Index (GCI) during the career progression of women.

An analysis of the geographical distribution of female re-
searchers in geosciences has evidenced that, although the
percentages of women are comparable, the GCI calculated in
Southern Italy has been alarmingly high in the last 2–3 years
and is divergent from the decrease observed in Northern and
Central Italy.

The work also analyses the gender balance over different
areas of geosciences, showing that in Paleontology and Pa-
leoecology the gap is inverted with more female than male
professors, both at full and associate professor level, whereas
the gap is almost closed in Mineralogy for associate profes-

sors, far though from being balanced for full professors. All
remaining geological disciplines suffer a gender imbalance.

Further analysis carried out in this work unveils that the
number of female full professor is low ( < 10 %) both at
national and regional level in the 2000–2009 decade, con-
sistent with a GCI higher than 2.5–3. From 2010 to 2013,
likely in response to the Italian Law no. 240 of 2010, an im-
portant progressive increase, associated with a decrease of
GCI, is visible. However, from 2014 to 2019 the percentage
remains constant (∼ 20 %) with the exception of Southern
Italy, which displays a return to lower values (< 15 %).

Finally, an international comparison with countries like
Germany and the USA definitively indicates that the Italian
university system is more equal in terms of gender balance.

Even if some significant and positive steps have been car-
ried out in the Italian university system, still much effort is
required to fight a general and crucial problem which is the
gender balance issue. Results could be achieved promoting
work-life balance policies that better reconcile family and
work, stimulating a reorganization of the work system still
currently set on the male model but, and more importantly,
changing the prevailing patriarchal mentality.

The Italian university system has already a great example
to follow: the zero-pay gap. This is possibly the only system
worldwide where male and female professors earn the same
identical salary, compared to the salary gap of between 15 %
and 30 % of countries richer than Italy, and must be the target
to reach, in the near future, for gender balance.
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1 Introduction

The underrepresentation of women in academia, the so-
called gender gap, is a well-known, long-lasting feature
among global university employers, yet some disciplines
seem to emphasize the differences rather than try to reach
gender equality. In particular women are underrepresented
in higher positions, a phenomenon usually referred to as the
“leaky pipeline”. Many studies have focused on this issue try-
ing to understand the reasons why the percentage of women
among associate and full professors is lower than that of men
(Filandri and Pasqua (2019) and references herein reported).

In geosciences, as well as in other hard sciences (i.e. Sci-
ence, Technology, Engineering and Mathematics, known as
STEM), most of the permanent positions are traditionally oc-
cupied by men, while women still represent a minority (e.g.,
Burke and Mattis, 2007; Ceci et al., 2009; Barone, 2011; Ceci
and Williams, 2011; Macarie and Moldovan, 2015; Cheryan
et al., 2017; EIGE, 2017b; European Commission, 2019;
Roberto et al., 2020).

The out-dated stereotype of the typical geologist is, in fact,
that of a man wearing hiking boots, carrying a heavy back-
pack with all the different field tools needed, trying to solve
fundamental geological problems. Needless to say, we have
come a long way from those times and, even if the contribu-
tion of the geologist is primarily related to the field, a number
of new geological disciplines have developed in these last
decades, revolutionising the traditional idea of a geologist
(e.g., Broome, 2005).

With reference to the Italian scenario, furthermore, other
aspects must be considered. First of all, in 2010 the Italian
Law no. 240/2010 was implemented, while in 2013 the Na-
tional Scientific Abilitation (ASN) system was introduced,
profoundly changing the Italian university system. However,
the question remains if such implementations have actually
improved the recruitment policies and reduced the gender
imbalance (e.g., Pautasso, 2015; Filandri and Pasqua, 2019).

Recently, Filandri and Pasqua (2019) ruled out the hypoth-
esis that, at least in Italy, the difficulty in carrier advance-
ments for women is related to lower productivity in terms of
publications and/or women’s reluctance to apply for promo-
tions. This in turn suggests that the low presence of women
in academia is not related to objective reasons but rather to
gender inequality.

A deeper insight may be achieved thanks to the collection
and analysis of quantitative data on the percentages of male
and female Italian geoscientists, at different stages of their
career. Three snapshots taken in 2001, 2009 and 2019 al-
low a better understanding of the changes over the last two
decades, but, when necessary, the annual record was used
granting the chance to comment on the step by step progres-
sion as well as possible near-future prospects.

Overall, the gender balance in the Italian university sys-
tem in geosciences shows some positive trends when com-
paring the official data from the Italian Ministry of Educa-

tion, University and Research (hereafter MIUR) collected be-
tween the end of 2001 and October 2019. However, improve-
ments are still significantly needed, especially when the high-
est levels of “power” in terms of positions (i.e. full and asso-
ciate professors) are considered as the GCI clearly displays
higher values both with respect to the overall Italian system
(Roberto et al., 2020) and the European scenario (European
Commission, 2019). Glass ceiling represents an intangible
barrier within a hierarchy that prevents women or minorities
from obtaining upper-level positions; in this specific case,
GCI is an estimation of the difficulty of women to reach
top academic positions (European Commission, 2019). The
present work is a contribution to the special issue “Diversity
and Equality in the Geosciences” of the Advances in Geo-
sciences journal, aiming at presenting the trends of women
in geosciences within Italian universities, and at providing
an updated picture of the Italian situation in comparison to
that of other European and North American countries.

2 Materials and methods

In order to fully understand and interpret the official data,
it is crucial, for the purpose of this work, to provide a clear
scenario of how the Italian university system works and, in
turn, the geosciences niche. The Italian university system is
subdivided in 14 different scientific areas, as specified in
the Italian Ministerial Decree of 4 October 2000. The so-
called Area 04 (Earth sciences) includes all the geosciences
that are further classified in 12 different areas called “Settori
Scientifico-Disciplinari” (SSD – Scientific Disciplinary Sec-
tors: academic disciplines for university research and teach-
ing) listed as follows:

– GEO/01 Paleontology and paleoecology;

– GEO/02 Stratigraphic and Sedimentary Geology;

– GEO/03 Structural Geology;

– GEO/04 Physical Geography and Geomorphology;

– GEO/05 Applied Geology;

– GEO/06 Mineralogy;

– GEO/07 Petrology and Petrography;

– GEO/08 Geochemistry and Volcanology;

– GEO/09 Mining Resources, Mineralogic and Petro-
graphic Applications for the Environmental and for Cul-
tural Heritage;

– GEO/10 Solid Earth Geophysics;

– GEO/11 Applied Geophysics;

– GEO/12 Oceanography and physics of the Atmosphere.
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For the purpose of this work, the number of female full pro-
fessors and associate professors at the end of 2001 (Decem-
ber), the end of 2009 (again December) and at October 2019
were analysed, providing an overview of the scenario over
almost 20 years. Researcher positions were not discussed for
four main reasons: (1) like most university systems around
the world, professors usually have decision-making powers,
both on political and scientific aspects (in terms of future
strategies); (2) in the Italian system, full and associate pro-
fessors have permanent employment positions, generally un-
til their retirement age, and this ensures a more reliable com-
parison; (3) the Italian system, as per Italian Law no. 240
of 2010, introduced, in addition to the positions of full and
associate professor, two types of research positions: they
are both 3-years non-permanent positions, called type-A and
type-B research contracts. In specific, the contract regarding
type-A researchers ends at the end of the third year; while
type-B researchers, assuming a satisfying performance, will
be employed as associate professors by the university at the
end of their research contract; (4) for purpose of comparison
with other university systems, full and associate professor
positions are similar in terms of teaching and administrative
duties, thus allowing a reliable comparison.

The present work will therefore portray the evolution over
the last 20-years and, at the same time, highlight how female
professors are distributed within different geological (GEO)
scientific SSDs and how the geography (i.e. Northern ver-
sus Central versus Southern Italy) may have influenced the
total number of female professors. Finally, where possible
(i.e. depending on the availability of official data), a compar-
ison between the Italian and other international systems will
be conducted.

3 Females in geosciences in the Italian university
systems

In Italy, a typical academic career in geosciences is usu-
ally preceded by the acquisition of a master (MSc) followed
by a doctoral (PhD) degree and possibly a number of post-
doctoral fellowships. To compare gender career paths, a scis-
sor diagram, showing the percentages of male vs. female, is
displayed in Fig. 1.

The percentage of female and male MSc students in geo-
sciences in Italy, monitored from 2008 to 2018, is relatively
constant and varies between 35 %–40 % and 60 %–65 %, re-
spectively, consistent with the high percentages of males usu-
ally observed in STEM disciplines (Alma Laurea, 2019). At
PhD level instead, there is an unexpected gender equality
(49.4 % female in 2012 and 51.3 % in 2014). This anoma-
lous increase is difficult to explain, although it is commonly
accepted that females are much more efficient than males in
their curriculum studiorum (EUROSTAT, 2019; Fig. 1).

In order to compare the gender balance between Italian
and European PhD students in all disciplines, a dataset show-

Figure 1. Proportion (%) of male and female in a typical academic
career in a two time-windows: 2012 and 2014. Scissor graph show-
ing the percentages of female and male MSc graduate (data source:
Alma Laurea, 2019, https://www.almalaurea.it/, last access: 31 Oc-
tober 2019) and PhD (data source: ISTAT, 2019, https://www.istat.
it/, last access: 31 October 2019) students in geosciences as well as
the proportion of women and men in the Italian academic staff (data
source: MIUR, 2019, https://cercauniversita.cineca.it/php5/docenti/
cerca.php, last access: 31 October 2019).

ing the percentages of female students was collected for the
year 2016 (Table 1, Fig. 2; European Commission, 2019).
Additional data (from 2012 and 2014) available for Italian
PhD students are also shown. All percentages display a sub-
stantial gender equality at PhD level (Figs. 1 and 2). It is
noteworthy that, although the regulation of the Italian doc-
toral education substantially changed after the introduction
of the Italian Ministerial Decree no. 345/2013, the overall
trend does not appear to have been substantially modified.
In fact, in 2016, the percentage of female Italian PhD stu-
dents was 50.76 thus perfectly balanced (EUROSTAT, 2019).
In 2014 and 2012, the percentages were 47.4 and 46.7, re-
spectively, confirming a substantial gender equality. If com-
pared with other European countries, these values are con-
sistent with the general average of 47.8 % female PhDs (Ta-
ble 1; Fig. 2).

However, this balanced scenario changes when data avail-
able for academic staff are considered for the same time win-
dows (i.e. 2012 and 2014). In fact, the number of females
drastically decreases to 30 % for researchers and associate
professors, and collapses to < 20 % for full professors, the
so-called leaky pipeline (Fig. 1). This is in perfect agreement
with the average values available for all the European coun-
tries showing that, as the career progresses, the proportion of
women in all disciplines typically decreases (e.g., European
Commission, 2019).

Although the scissor graph (Fig. 1) was constructed us-
ing data from 2012 and 2014, since data for PhD stu-
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Table 1. Percentages of female Ph.D. students in European
countries in 2016 (data source: EUROSTAT, https://ec.europa.eu/
eurostat/home?, last access: 31 October 2019).

2016 2016

Italy 50.76 Malta 50.00
EU-28 countries 47.77 Netherlands 49.01
Belgium 46.71 Austria 46.38
Bulgaria 51.47 Poland 54.63
Czechia 43.80 Portugal 52.36
Denmark 51.02 Romania 49.13
Germany 44.31 Slovenia 52.17
Estonia 57.14 Slovakia 47.56
Ireland 51.19 Finland 52.82
Greece 45.37 Sweden 47.34
Spain 49.64 United Kingdom 47.79
France 46.97 Iceland 60.00
Croatia 56.25 Liechtenstein 50.00
Cyprus 53.85 Norway 51.28
Latvia 60.87 Switzerland 46.31
Lithuania 59.26 North Macedonia 50.00
Luxembourg 50.00 Serbia 56.44
Hungary 50.68 Turkey 41.46

Figure 2. Percentages of female Ph.D. students in all disciplines
in Europe and Italy in 2016 (source data: EUROSTAT, https://ec.
europa.eu/eurostat/home?, last access: 31 October 2019). Data for
PhD students in Italy for 2014 and 2012 are also reported (source
data: ISTAT, https://www.istat.it/, last access: 31 October 2019).

dents were available only for those two years, our aim
was to analyse a 19-year interval looking at data for as-
sociate and full professors available for December 2001
and 2009 and October 2019. The three datasets are re-
ported in Table 2–4, respectively, and are taken from the
open database of MIUR (https://cercauniversita.cineca.it/

Figure 3. Percentages of female full and associate professors
in geosciences in Italy relative to 2001–2019 time span (data
source: MIUR, https://cercauniversita.cineca.it/php5/docenti/cerca.
php, last access: 31 October 2019).

php5/docenti/cerca.php, last access: 31 October 2019). The
general scenario provided is briefly discussed below:

– Situation at 31 December 2001: the total number of
professors (full and associate) in geosciences in Italian
universities was 872: 388 full professors and 484 as-
sociate professors (Table 2). Within the group of full
professors, only 35 were female, corresponding to a
percentage of 9.0 %. Considering associate professors,
only 114 (23.6 %) were female. Overall, at the end
of 2001, 149 out of 872 full and associated professors
were female, corresponding to 17.1 % (Fig. 3).

– Situation at 31 December 2009: the total number of pro-
fessors in geosciences was 722; of which 321 full pro-
fessors and 401 associate professors (Table 3). With re-
gard to full professors, 39 were female (12.2 %) while
there were 116 (28.9 %) female associated professors.
Considering both positions, 155 out of 722 were female,
a mere 21.4 % (Fig. 3).

– Situation at October 2019: the same analysis, presented
in Table 4, shows a significant decline in the over-
all number of professors in geosciences – from 872
to 674 (ca. −23 %), while the number of female pro-
fessors increased substantially: of the total 205 full pro-
fessors, 38 (18.5 %) were female, while of the 469 as-
sociate professors 142 (30.8 %) were female. Overall,
if we consider the complete number of 674 professors,
180 (26.7 %) were female hence representing a ca. 5 %
increase with respect to situation at the end of 2009
(Fig. 3).

The trend at the end of 2001, 2009 and in October 2019 is
distinct: full and associate female professors in geosciences
within Italian universities are slowly, but definitively, increas-
ing. Figure 3 highlights the percentage of female full and as-
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Table 2. Number of full and associate professors in all GEO scien-
tific SSD (from 01 to 12) of the Italian university system relative to
December 2001 (data source: MIUR, https://cercauniversita.cineca.
it/php5/docenti/cerca.php, last access: 31 October 2019).

December 2001

Full professors Associate professors

Female Male Total Female Male Total

GEO/01 10 28 38 27 22 49
GEO/02 6 62 68 12 62 74
GEO/03 2 31 33 8 41 49
GEO/04 1 28 29 11 49 60
GEO/05 0 44 44 6 48 54
GEO/06 5 31 36 20 23 43
GEO/07 4 42 46 8 30 38
GEO/08 3 28 31 7 25 32
GEO/09 1 22 23 7 25 32
GEO/10 1 19 20 5 22 27
GEO/11 2 14 16 3 14 17
GEO/12 0 4 4 1 8 9

Total 35 353 388 115 369 484

sociate professors, plus the total number of professors as a
function of time. For full professors, over the 19-year period,
the percentage increased from 9.0 % to 18.5 %, the number of
female full professors doubled. However, if such trend were
to continue in the future, as seen over the 19 years consid-
ered, we would reach a gender balance around 2090, hence
in about 70 years from now. To check the detailed trend of
the decrease of full professors through time we have also col-
lected the annual data which point to a less positive and more
articulated scenario described in the next section.

In the case of associate professors, Fig. 3 presents a posi-
tive trend, with the percentage of female associate professors
rising from 23.6 % to 28.9 %. This implies that a gender bal-
ance could be reached around the year 2070, a better scenario
than the one predicted for full professors, but still an exces-
sively slow trend.

Finally, Fig. 3 also presents the percentage of the total
number of full and associate professors as a function of time,
indicating a linear trend, which saw an increase of the per-
centage of female professors from 17.1 % to 26.7 % during
the given period.

4 Distribution of female professors in different
geosciences areas in Italy

As mentioned in the introduction, geosciences in the Italian
university system are classified in 12 different areas. In this
paragraph, the differences in the distribution of female pro-
fessors in the different areas (Fig. 4) will be examined based
on the data reported in Tables 2–4, considering the period
between the end of 2001 and October 2019.

Table 3. Number of full and associate professors in all GEO scien-
tific SSD (from 01 to 12) of the Italian university system relative to
December 2009 (data source: MIUR, https://cercauniversita.cineca.
it/php5/docenti/cerca.php, last access: 31 October 2019).

December 2009

Full professors Associate professors

Female Male Total Female Male Total

GEO/01 11 18 29 27 17 44
GEO/02 6 34 40 13 52 65
GEO/03 3 26 29 3 27 30
GEO/04 1 27 28 13 39 52
GEO/05 2 40 42 8 35 43
GEO/06 8 27 35 13 17 30
GEO/07 2 28 30 8 25 33
GEO/08 2 25 27 11 19 30
GEO/09 3 16 19 4 19 23
GEO/10 0 24 24 9 17 26
GEO/11 1 14 15 5 11 16
GEO/12 0 3 3 2 7 9

Total 39 282 321 116 285 401

Table 4. Number of full and associate professors in all GEO scien-
tific SSD (from 01 to 12) of the Italian university system relative to
October 2019 (data source: MIUR, https://cercauniversita.cineca.it/
php5/docenti/cerca.php, last access: 31 October 2019).

October 2019

Full professors Associate professors

Female Male Total Female Male Total

GEO/01 9 9 18 21 19 40
GEO/02 6 19 25 14 47 61
GEO/03 3 27 30 15 38 53
GEO/04 3 23 26 13 51 64
GEO/05 5 19 24 13 42 55
GEO/06 4 13 17 14 17 31
GEO/07 4 15 19 8 28 36
GEO/08 2 12 14 12 26 38
GEO/09 0 4 4 13 21 34
GEO/10 1 13 14 11 19 30
GEO/11 0 7 7 5 14 19
GEO/12 1 6 7 3 5 8

Total 38 167 205 142 327 469

The overall trend observed for each single SSD is charac-
terized by an increase of the female percentage both in the
full and associate professor population, with some peculiar
exceptions, which require discussion.

Relatively to full professors, higher percentages of women
are present in GEO/01, which furthermore witnessed a sig-
nificant increase: from 26 % to 50 %, while GEO/02 rose
from 9 % to 24 % and GEO/06 from 14 % to 24 %. However,
the most remarkable is GEO/05, which jumped from 0 % to
21 %.
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Figure 4. Percentages of female full and associate professors
in all GEO scientific areas (from GEO/01 to GEO/12) of the
Italian university system relative to 2001–2019 time span (data
source: MIUR, https://cercauniversita.cineca.it/php5/docenti/cerca.
php, last access: 31 October 2019).

On the other side, extremely negative trends are evident in
GEO/11 and GEO/09, which at present do not have any fe-
male full professors. GEO/10, GEO/03 and GEO/04 instead
present more complicated trends, with percentages of female
full professors generally increasing, but still below 10 %.

The comparison among associate professors of the differ-
ent SSD (Fig. 4) confirms the achievement of gender equality
in GEO/01, as the percentage varies between 53 % and 61 %,
and in GEO/06, where it ranges between 43 % and 47 %. Pos-
itive trends are moreover evident for GEO/09, GEO/10 and
GEO/12, which show a percentage close to 40 %. Percent-
ages below or close to 30 % characterize the remaining SSD,
which definitively suffer of a significant gender imbalance.

5 Regional distribution and Glass ceiling index:
Northern, Central and Southern Italy

In this paragraph, we will analyse the distribution of female
professors and the Glass Ceiling Index in the Northern, Cen-
tral and Southern part of Italy. Compared to the national trend
of full and associate professors, the regional proportion of fe-
male is consistent with the increase recorded in Italy (Fig. 5).
However, the percentages of female full professors in 2019
are lower in the South. The increase in the proportion of
women is also visible for associate professors both at the na-
tional and regional level, although slightly lower values are
recorded in Central Italy (< 30 %; Table 5; Fig. 5).

Overall, it is evident that the presence of female professors
is reasonably well distributed over the three different geo-
graphical areas in Italy during the 2001–2009 period, with
national average values of full professor never exceeding
12 %. More interesting is the trend of associated professors
displaying a national increase starting from 2004–2005 that

is visible even if slightly intensified or attenuated in the dif-
ferent areas of the country (Fig. 5).

At both national and regional level, a remarkable increase
(from ∼ 12 % to ∼ 19 %) of female full professors is ob-
served from 2009/2010 to 2012/2013 (Fig. 5). This radical
change temporally coincides with the promulgation of the
Italian Laws no. 240/2010 and 214/2011 and retirement of
30 % of male full professors, resulting in the absolute number
of female full professors remaining substantially unchanged
while that of men being reduced dramatically in this interval.

A feature that raises some concerns comes for Southern
Italy, as in the last 2–3 years (2017–2019) the number of fe-
male full professors fell from 13 to 9 (< 15 %) (Fig. 5; Ta-
ble 5). This tendency appears opposite to the one displayed
in Northern Italy (+∼ 5 %) and different from Central Italy,
which essentially remains constant (Fig. 5; Table 5).

During the 2010–2019 decade, the number of asso-
ciate professors instead presents an overall slightly increase
(+2.3 %) at national level, more prominent in the South
(+4.4 %), less accentuated in the North (+2.3 %) and absent
in Central Italy (Fig. 5).

The regional distribution does not show any substantial
difference with the national scenario in terms of female rel-
ative percentages, except for the aforementioned decrease in
female full professors in the South and some other minor
trends. However, since these values are well below the gen-
der equality we have decided to calculate the Glass Ceiling
Index both at national and regional level. The GCI is the ra-
tio between the proportion (%) of the total number of women
in academia (i.e. full professors, associate professors and re-
searchers) and the total number of top academic positions
(i.e. full professors) compared with the same ratio calculated
for men in a given year (European Commission, 2006, p. 52).
This ratio varies from 0 to infinite, where a value equal to 1
indicates no difference between women and men in terms of
their chances of being promoted. Values higher than 1, in-
stead, mean that women are facing greater difficulties than
men in advancing to the highest academic positions (Euro-
pean Commission, 2019). For European countries, the mean
GCI value for all the disciplines in 2013 and 2016 is 1.64
and 1.68, respectively, while for Italy it is slightly higher
(1.68 and 1.73, respectively) (European Commission, 2019).

Based on the dataset provided by the MIUR we have calcu-
lated the GCI for Italian geosciences from 2001 to 2019. The
national value (Table 6) shows a progressive negative trend,
i.e. has varied from ∼ 3 in the decade 2000–2010 to values
slightly lower that 2 in the following decade (2010–2019)
(Fig. 6). Although this scenario seems overall positive during
the period considered, the data are not yet satisficing as they
evidence a clear barrier for women in geosciences (Fig. 6).
At regional level, the GCI seems to be comparable for North-
ern and Central Italy, however, it displays a counter tendency
from 2017 on for the South, where the values are ∼ 2.5–3
(Fig. 6). As mentioned above, this is obviously related to the
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Figure 5. Proportion (%) of female academic staff (F. P.: full professors; A. P.: associated professors and Res: Researchers) from 2001 to 2019
in (a) Northern; (b) Central; (c) Southern Italy; (d) whole Italy, (data source: MIUR, https://cercauniversita.cineca.it/php5/docenti/cerca.php,
last access: 31 October 2019).

Table 5. Geographical distribution (%) of female professors over Northern (N including Aosta Valley, Emilia-Romagna, Friuli Venezia
Giulia, Liguria, Lombardy, Piedmont, and Veneto), Central (C including Lazio, Marche, Tuscany ed Umbria) and Southern (S including
Abruzzo, Basilicata, Calabria, Campania, Molise, Puglia, Sardinia and Sicily) Italy from 2001 to 2019. National data are also provided for
comparison (data source: MIUR, https://cercauniversita.cineca.it/php5/docenti/cerca.php, last access: 31 October 2019).

Female Italy North Central South

% FP AP Res FP AP Res FP AP Res FP AP Res

2001 9.0 23.8 35.0 9.4 22.8 39.1 7.2 22.2 35.2 11.9 26.3 30.1
2002 9.1 25.8 33.8 9.4 25.8 36.0 5.2 23.7 35.8 12.2 27.4 29.7
2003 9.2 25.7 34.7 8.7 26.3 35.7 6.6 23.5 36.8 11.8 26.8 31.9
2004 9.5 26.2 32.6 9.3 25.7 34.5 6.4 24.8 33.3 12.1 27.9 29.9
2005 10.0 27.8 32.5 9.2 27.9 32.7 7.3 24.8 34.0 13.1 30.1 31.0
2006 10.2 29.4 32.3 10.6 28.2 30.7 6.6 26.6 34.9 12.4 33.3 32.3
2007 11.0 29.7 32.4 11.5 29.5 30.9 8.6 25.7 35.3 12.2 32.9 31.9
2008 12.1 29.3 32.0 13.0 29.0 31.5 9.9 26.6 33.1 12.9 31.7 31.7
2009 12.1 28.9 32.0 12.3 29.4 32.0 11.6 26.4 32.8 12.4 30.4 31.5
2010 14.6 29.8 31.9 15.6 30.9 32.5 13.8 25.8 32.8 14.1 31.5 30.4
2011 16.6 30.8 32.9 16.7 33.1 34.3 15.6 27.7 30.9 17.2 30.5 32.5
2012 17.9 31.0 33.2 18.1 33.3 34.6 17.3 28.1 30.8 18.1 30.4 33.1
2013 19.2 30.9 33.1 18.9 33.9 34.3 20.7 25.0 31.9 18.4 32.1 32.6
2014 19.4 31.0 32.9 20.0 31.3 35.5 21.2 27.2 32.2 17.6 33.6 30.4
2015 19.9 30.6 32.8 18.8 32.7 34.2 21.3 26.2 31.1 20.3 31.3 32.6
2016 18.5 31.3 33.2 17.7 34.1 32.3 19.6 25.7 34.0 18.6 32.0 33.6
2017 17.9 30.7 32.6 16.5 33.9 31.8 19.6 25.0 32.7 18.6 31.3 33.6
2018 17.8 30.5 34.2 17.6 32.3 32.5 21.4 25.2 33.3 15.7 32.6 36.9
2019 18.0 31.2 34.2 21.1 31.9 34.3 18.9 25.8 33.3 13.2 34.7 34.5
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Figure 6. Glass Ceiling Index (GCI) calculated in Italy from 2001
to 2019. GCI is also provided for Northern, Central and South-
ern Italy (data source: MIUR, https://cercauniversita.cineca.it/php5/
docenti/cerca.php, last access: 31 October 2019).

Table 6. Glass ceiling index. National average and specific in-
dexes calculated for Northern, Central and Southern Italy from 2001
to 2019 (data source: MIUR, https://cercauniversita.cineca.it/php5/
docenti/cerca.php, last access: 31 October 2019).

GCI Italy North Central South

2001 3.01 3.50 3.52 2.27
2002 3.02 3.06 4.95 2.23
2003 3.03 3.35 4.08 2.32
2004 2.88 3.08 4.02 2.24
2005 2.78 3.11 3.59 2.19
2006 2.84 2.66 4.23 2.48
2007 2.71 2.60 3.30 2.51
2008 2.48 2.35 2.88 2.37
2009 2.50 2.58 2.52 2.41
2010 2.20 2.16 2.19 2.21
2011 2.01 2.17 1.93 1.89
2012 1.89 2.00 1.78 1.84
2013 1.76 1.92 1.43 1.85
2014 1.73 1.79 1.46 1.89
2015 1.67 1.88 1.39 1.65
2016 1.85 2.02 1.59 1.87
2017 1.87 2.15 1.52 1.85
2018 1.93 1.95 1.39 2.38
2019 1.91 1.64 1.57 2.87

absolute and relative decrease of full professors in Southern
Italy.

6 Geosciences versus all other disciplines in Italy: a
comparison

After a first analysis of the presence of female professors in
geosciences, a comparison between women in geosciences

Figure 7. Comparison between percentages of female professors
(F. P.: full professors; A. P.: associated professors; T. P.: total
number of professors) in geosciences (indicated as GEO) and
the average from all Italian disciplines (indicated as ALL) (data
source: MIUR, https://cercauniversita.cineca.it/php5/docenti/cerca.
php, last access: 31 October 2019).

versus the entire Italian university system, i.e. all the 14 sci-
entific areas, is necessary.

The official data for the 14 areas is reported in Table 7,
whereas the comparison between the sum of data from all
14 areas and that of geosciences (Area 04 – Earth Sciences)
is shown in Fig. 7. Figure 7 proves that the number of fe-
male professors in geosciences is significantly lower than the
national average, both at full and associate professor level.
In detail, we observe that the national percentage (14 areas)
of female full professors increased from 14.6 % at the end
of 2001 to 24.3 % in October 2019, i.e. nearly 6 % above the
value of female full professors in geosciences in 2019. A sim-
ilar trend is evident for the associate professors in all areas,
with an increase from 29.8 % at the end of 2001 to 38.9 %
in 2019, hence 8.1 % higher than what found in geosciences.
Finally, considering the sum of full and associate professors
from all the areas, the number increased from 22.4 % at the
end of 2001 to 33.4 % in 2019, about 6.7 % higher than the
total number of female professors in geosciences.

7 Geosciences versus all other related
disciplines (STEM) in Italy

The lower proportion of full and associate professors in geo-
sciences observed above is consistent with European data
showing that STEM disciplines typically present a strong
gender imbalance with the gap becoming wider as the ca-
reer progresses (e.g., EIGE, 2017a; European Commission,
2019; Sattari and Sandefur, 2019).

In order to better understand this phenomenon, we per-
formed a further comparison with scientific areas considered
closer to geosciences, the so called STEM disciplines, such
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Table 7. Total number of full and associate professors and their sum for the end of 2001, end of 2009 and October 2019 in the Italian
university system (data source: MIUR, https://cercauniversita.cineca.it/php5/docenti/cerca.php, last access: 31 October 2019).

Full professors Associate professors Total number of professors

F M Total F M Total F M Total

End of 2001

2468 14 424 16 892 5325 12 551 17 876 7793 26 975 34 768

End of 2009

3422 14 456 17 878 5985 11 580 17 565 9407 26 036 35 443

3170 9897 13 067 8421 13 236 21 657 11 591 23 133 34 724

as mathematics and informatics (area – 01), physics (area
– 02, chemistry (area – 03), civil engineering and archi-
tecture (area – 08) and industry engineering and informat-
ics (area – 09). In Fig. 8, we show the comparison among
data at the end of 2001 until October 2019. Empty sym-
bols represent the average values calculated for all the ar-
eas mentioned above (i.e. areas 01, 02, 03, 08 and 09) and
do not include data from geosciences (i.e. area 04) indicated
with full symbols. In detail, relatively to full professors, we
observe a slightly better, although poorly significant, gen-
der balance in geosciences with differences ranging between
+1 % (end of 2001), +0.9 % (end of 2009) and +1.2 % (Oc-
tober 2019). A similar trend is evident for associate profes-
sors, with a better balance in geosciences, with+1.3 % at end
of 2001,+3.3 % at the end of 2009 and only+0.6 % at Octo-
ber 2019. Both trends thus account for a slightly better gen-
der balance in geosciences when considering both full and
associate professors, displaying a positive balance of+1.1 %
(end of 2001),+3 % (end of 2009) and 1.2 % (October 2019),
respectively.

Overall, on one side, it is clear that geosciences show a bet-
ter gender balance compared to related scientific areas, while
on the other side, some concerns could be expressed when
analysing the “increase rate” in terms of associate profes-
sors. In fact, a slight but significant decrease can be noticed,
which could impact the possibility of increasing the number
of female full professors in geosciences in the future.

It is worth saying that, in STEM disciplines at the M.Sc.
level, the proportion of female students is low and progres-
sively further decreases at each step, that is for PhD students,
researcher, associate and full professor positions. In geo-
sciences, on the other hand, the female percentages through
the academic career are slightly better, nonetheless it is im-
portant to consider the anomalous high percentage of female
PhD graduates which should have produced an increase in
the presence of female academic staff. This, however, is not
the case, suggesting that obtaining an academic permanent
position is the first main obstacle an Italian female geoscien-
tist has to face, the so-called Glass Door (Hassink and Russo,
2010).

Figure 8. Comparison between percentages of female professors
in geosciences and the average from the scientific areas consid-
ered closer to geosciences like area – 01 (mathematics and in-
formatics), area – 02 (physics), area – 03 (chemistry), area –
08 (civil engineering and architecture) and area – 09 (indus-
try engineering and informatics) (see Fig. 7 for symbols) (data
source: MIUR, https://cercauniversita.cineca.it/php5/docenti/cerca.
php, last access: 31 October 2019).

8 A comparison at international level in geosciences

Comparing international university systems is not an easy
task but limiting the comparison to full and associate profes-
sors should ensure a certain degree of reliability. Neverthe-
less, one crucial problem usually faced is that the source of
the available official data, not always recent or updated, may
not be provided by public entities, which instead happens in
Italy where data is provided directly by the MIUR. Below, a
comparison between the Italian, American and German uni-
versity systems has been provided.

In the American system, local universities distinguish be-
tween full and associate professors, as in the Italian system,
thus allowing a direct comparison. However, in the German
system there is no distinction between full and associate pro-
fessors, seen that this system only has “professors”, who are
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then classified in W1, W2 and W3 professors, with W2 and
W3 comparable to full professors, and W1 to “junior profes-
sors”.

8.1 Italian versus American system

Relatively to the American university system, Holmes et
al. (2008) and Holmes (2017) show thatfemale full pro-
fessors were only 8 % in 2000–2001 and did not increase
by 2004–2005. Furthermore, female associate professors
were 15 % in 2000–2001 and remained constant in 2004–
2005 (14 %). However, Glass (2015) reports that in the aca-
demic year 2010–2011 women in full professor positions
were 13 % while in associate professor positions they were
24 %. The percentages reported by Glass (2015) were col-
lected throughout the 106 top US Earth Science PhD-ranting
graduate programmes during the 2010–2011 academic year.
The data presented by Glass (2015) was further confirmed by
Wilson (2016), who compared 2006 and 2016. In such work,
the percentage of female full professors in 2006 was 8.9 %
and increased to about 15 % in 2016. Relatively to female as-
sociate professors, Wilson (2016) reported that the percent-
age was around 16 % in 2006 and close to 25 % in 2016.

Combining the data collected by Holmes et al. (2008),
Glass (2015) and Wilson (2016), a rather reliable scenario
appears with regard to the percentage of female professors
in the American university system between 2001 and 2016,
showing an increase from 8 % to 15 % when considering full
professors and from 15 % to 25 % in the case of associate
professors.

Comparing such data with the Italian university system
and considering the same period of time, the percentage of
female full professors was about 9 % at the end of 2001 and
18.6 % at the end of 2016 (data from the MIUR). In terms
of associate professors, at the end of 2001, the Italian sys-
tem showed 23.6 %, whereas at the end of 2016, the number
increased to 31.3 %. Thus, the Italian system shows a sig-
nificantly better gender balance relatively to the percentage
of both full and associate professors. The reciprocal increase
rate, instead, is quite similar.

8.2 Italian versus German system

A snapshot of the female proportion in the European univer-
sities taken in 2016, revealed that women made up 46 % of
researcher positions, 40 % of associate professors and 24 %
of full professors, when all disciplines are considered. Again,
these values are lower if STEM disciplines are examined
(European Commission, 2019). In order to directly compare
the situation in geosciences, we have decided to do it against
Germany as all the necessary information is available. Of-
ficial data for the German university system was retrieved
from the Statistisches Bundesamt (DESTATIS, 2019) reports
published in 2018, 2011 and 2004, which describe the situa-
tion in 2017, 2010 and 2003, respectively. This database only

reports “professoren” (professors) for “geowissenschaften”
(Earth sciences) and since the distinction among W1–W3
professors is recent, they do not indicate it.

In detail, for geosciences (excluding geography), the Ger-
man system counts a percentage of female professors equal
to 4.3 % in 2003, 12.4 % in 2010 and 15.3 % in 2017. During
the same years, in Italy we observe 9.2 % female full pro-
fessors at the end of 2003, 14.6 % at the end of 2010 and
17.9 % at the end of 2017, a value close to+2.5 % compared
to the percentage of female professors in Germany. However,
it is evident that the German trend signals a stronger increase
than the Italian trend (in 2003 the difference was +5.7 % for
Italy and in 2017 only +2.9 %), especially considering that
the annual record available for Italy shows that the increase
rate is close to zero starting from 2013 (Fig. 5).

9 Future perspectives and possible clues

The choice of comparing merely associate and full profes-
sors has granted a statistically consistent analysis, even if,
when necessary, we have also made some comments on
other academic and non-academic positions. The results de-
scribed, however, represent only the final stage of a “gen-
der inequality” phenomenon. An additional perspective to
achieve a broader view of gender balance is provided by
the gender distribution of the geoscience student population
in Italy. We have selected official data from the open data
source Alma Laurea (https://www.almalaurea.it, last access:
31 October 2019) relatively to 2009 and 2018, the last update
data available, for the bachelor degree in Geological Sciences
(for the MIUR, this degree is labelled as L-34) and for the
master degree in Geological Sciences and Technology (LM-
74). These data show that out of a total of 1485 students
who obtained a degree, the female population accounted for
36.1 % in L-34 and 36.6 % in LM-74 in 2018. The num-
bers are virtually identical if compared to those of 2009.
Moving a step forward in their career, we see that the av-
erage national percentage of PhD degree obtained in ba-
sic science (including mathematics and informatics, physics,
chemistry and geosciences) by female students varies from
51 % to 36 % in the time window comprised from 2015
and 2018 (https://www.almalaurea.it, last access: 31 Octo-
ber 2019) and, more interestingly was equal to 51.3 and 49.4
for the female geoscientists in 2014 and 2012 respectively
(https://www.istat.it/, last access: 31 October 2019). This
confirms the substantial gender equality at the PhD level re-
sulting from the increased proportion of women compared to
the number of female MSc students (Fig. 1).

The comparison between the student dataset (i.e. under-
graduate, MSc and PhD students) and the average value of
female associate and full professors (30.2 % and 18.5 %) con-
firms that the female proportion of PhD student population is
not echoed by the numbers of associate and full professors
(Fig. 1).
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Table 8. Total number, male and female number and percentages of
different types of permanent and non-permanent researchers posi-
tions for the end of 2001, end of 2009 and October 2019 in the Ital-
ian university system (data source: MIUR, https://cercauniversita.
cineca.it/php5/docenti/cerca.php, last access: 31 October 2019).

Permanent Non- Non- Non-
researchers permanent permanent permanent

(RTI) researchers RTD-a RTD-b
(2005)

December 2001

M 258
F 142
Total 400
% 35.5

December 2009

M 316 26
F 150 25
Total 466 51
% 32.2 49.0

October 2019

M 138 11 52 54
F 75 3 31 19
Total 213 14 83 73
% 35.2 21.4 37.4 26.0

Thus, an insight in the Italian researcher population is nec-
essary, even if the differences in the type of researcher posi-
tions and the substantial impossibility to compare them with
other international systems has already been explained (see
materials and methods for details). In any case, the observed
intervals were the same (i.e. 2001, 2009 and 2019) as shown
in Table 8.

The researchers with a permanent position display a pro-
gressive decrease in the absolute number caused by the mod-
ification implemented by the Italian Law no. 240/2010. How-
ever, there is a substantial stability in the percentages of the
female component between 2001 and 2019 (34 %) (Fig. 5),
similar if compared to the available data for graduate students
and PhDs. More interesting is the percentage of RTD-b posi-
tions (see the introduction section), which represent a crucial
turning point between non-permanent and permanent posi-
tions. The average national value for female RTD-b was of
∼ 26.0 % in October 2019, which is a decisive step backward
compared to the permanent researcher (RTI) and to RTD-a
(i.e. temporary three-years contract positions), which display
a significantly higher value of 37.6 %. Considering that RTD-
bs are destined to advance their careers becoming professors,
the concern is strong, as gender imbalance becomes a major
future risk. To summarize, we observed a positive general
increase of the female component in the different academic
roles through time (2001–2019), a trend that has attenuated

the gender imbalance. However, the number of RTD-b (only
26 % of female at national level) is a clear and alarming coun-
tertendency. It is worth noting that the percentages of women
and men clearly diverge, in favour of the latter, when they
reach the role of permanent researchers and even more dra-
matically in the case of full professors (Fig. 1).

All considered, the decrease of the female presence at the
beginning of the university career (i.e. permanent researcher
and RTD-b positions) could likely result from the existence
of a structural gender bias in both Italian and foreign uni-
versity systems. However, it is part of the task of the institu-
tions to conceive, promote and implement supporting actions
so that men and women can be given equal opportunities of
career advancement. One possibility is to offer work-life bal-
ance policies (e.g., childcare, paternity leave, as well as other
services), which would facilitate women to continue to work.
Even if this approach is necessary and probably effective, this
also highlights a patriarchal mentality where women are sup-
posed to be in charge of family duties. More should be done,
especially with the aim of changing this prevailing mentality
and guaranteeing the same opportunities to men and women.
At moment, the only formally positive gender balance in the
Italian University system is the zero-pay gap. Indeed, both
male and female employees at Italian Universities have the
same salary because it is regulated by law. In our knowl-
edge, the Italian university system is unique in this – against
salary gaps that can vary between 15 % and 30 % in European
and North-America university systems (Hatch, 2017; Grove,
2015; Statistics Canada, 2018).

In conclusion, our suggestion is that the academic institu-
tion should not consider the gender gap as a specific issue
related to academia, but rather a more general and common
problem present in all work places, thus requiring tangible ef-
forts to promote a welfare system that better reconciles fam-
ily and work. More importantly a cultural change leading to
a reorganization of the work system, still currently set on the
male model, is needed, as well as an increase in the number
of female top academics, who could act as mentors to a new
generation of female researchers.
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