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Abstract: Spain has a serious depopulation problem in large part of its territory and mainly in rural
areas, where the population density is even lower than ten inhabitants per kmZ. An example of this
depopulation phenomenon, known as “depopulated Spain”, is the region of Castilla y Leén. STEAM
knowledge areas (Sciences, Technologies, Engineering, Art, and Mathematics) are essential to achieve
the socio-economic growth of the territories and, with it, the desired population growth. Faced with
this challenge, STEAM graduates can help to strengthen the industrial fabric and increase economic
development. The main objectives of this research are the analysis (i) of the trend and (ii) of the
gender gap in STEAM degrees and Ph.D. programs in Castilla y Le6n. The evolution of the number
of enrolled and graduated students in STEAM knowledge areas in the last years was analyzed to
achieve these objectives, as well as the future trend. The results obtained showed a lack of STEAM
graduates in Castilla y Le6n, as well as the existence of a gender gap. Given this scenario, it is difficult
to affirm the sustainability of the research, economic, and industrial systems in the region.
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1. Introduction
1.1. Context and Approach

Research dealing with the economic development of localities and regions explains
that, in this development, the region’s human stock, which will shape the labor market, has
a decisive influence [1]. Although there is some divergence about which human capital
is most conducive to local and regional economic development, the most advanced and
economically developed societies, such as the United States, explain that this human capital
should be focused, in the coming decades, on meeting the growing needs of technological
development and digitization, which is why they are promoting the choice of STEAM
(Science, Technology, Engineering, Arts, and Mathematics) degrees among their young
people [2]. The specialized literature explains that this set of degrees is the most influential
in developing the right skills so that young people who enter the labor market can do so
while contributing constructively to the economic development of their regions [3].

However, within the STEAM knowledge areas (involving basic, mathematical, and
experimental sciences, in addition to technical areas), the literature identifies that it is the
technical areas that provide the most immediate and short-term influence on the transfor-
mation of the labor market and the sources of production and wealth generation in the
regions [4]. This fact is justified because technical knowledge is the most immediately ap-
plicable to the development of production goods of an essentially technological and digital
nature that are at the forefront of technological development, such as the development of
green and sustainable technologies [5], information and communication technologies [6],
or the development of computer chips and microchips [7]. All this justifies that, within
the STEAM degrees, it is the “TE” (technology and engineering, which includes engineer-
ing, information technology, and architecture) degrees that have the most immediate and
short/medium-term (on the horizon of the year 2030) influence on local development
(Figure 1).
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Figure 1. Technical degrees within STEAM areas.

Historically, the need to have graduates in technological areas to increase local and
regional economic development has been especially evident in rural and depopulated
areas [8]. This especially affects depopulated and rural European regions due to the absence
in Europe of policies specifically aimed at generating modern and digital communication
networks, the incorporation of advanced and avant-garde technological means, and the
absence of aid for its inhabitants to do a technological transition towards modern and
sustainable technologies [9]. This reality specifically affects Spain because this country
stands out, within the European sphere, in the inequality between regions in terms of the
lack of technological development policies in depopulated areas [10].

This paper explored the situation of graduates and Ph.D. students in technical areas
(technology and engineering) in Castilla y Le6n, which is one of the largest depopulated
regions in Spain, through a quantitative analysis of the data published by the competent
authorities in this regard. The main objective was to make an estimate of the evolution
of the presence of this type of professional in the labor market in the horizon of 2030, to
conclude the impact that this presence may have in terms of meeting the objectives of
economic and local development in the region. Furthermore, this study could serve as a
reflection of the general trend that depopulated regions in Spain, or even in Europe, may
follow.

1.2. Castilla y Leon (Spain): Depopulation and Development Needs

Spain has a serious depopulation problem in large part of its territory and mainly in
rural areas, far from the large centers of depopulation [11-14]. This rural depopulation can
be understood as a process that affects regions where the rural exodus has exceeded the
natural growth of that population, reducing the total number of inhabitants to a critical level,
especially in terms of population density and aging of demographic structures [15]. This
phenomenon of rural depopulation, which encompasses the so-called emptied Spain, can
also be seen as a demographic and territorial phenomenon, which consists of the decrease in
the number of inhabitants of a territory in relation to a previous period because of negative
vegetative growth or negative migratory balance or both simultaneously [16]. This problem
is also present in the rural areas of a large part of the European territory [17,18]. Between
1950 and 2007, the European rural population decreased by about 20,000,000 inhabitants [19].
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By 2030, the European rural population will be reduced by 75,000,000 inhabitants [20]. This
rural depopulation can be considered the most serious threat to local economies due to
several factors: (i) it limits growth opportunities due to the massive exodus of young
people to the cities [17] for better job opportunities [12] and, consequently, the aging of
the population in these areas [21]; (ii) it causes major environmental problems; (iii) it
complicates the provision of public services [22]; (iv) it jeopardizes the existence of small
municipalities [23,24]; and (v) it causes the stagnation of the economy in these areas [11].
In addition to being considered the most serious threat to rural economies, depopulation
paralyzes industrial growth in the affected territories [17,25].

Spain is one of the European Union countries with the highest proportion of the
aging population. The total number of people over 65 years old represented 18.8% of the
population in 2017 and is estimated to exceed 30% in 2050 [21]. As can be seen in Figure 2,
in 2021, the highest population densities in the country were in the large metropolitan areas
(mainly Madrid, Barcelona, and Bilbao) [26], while the central areas of the country had
a population density of fewer than 30 inhabitants per km? (mainly Castilla y Le6n and
Castilla-la Mancha) [19].

Figure 2. Population density in Spain.

As can be seen in Figure 2, in much of the interior of Spain, the outlook is uncertain
due to the current depopulation. This problem affects low-density areas with imbalances in
terms of age and gender structure [19] and is present in about 5000 national municipalities,
which cover about 320,000 km?, i.e., more than 60% of the Spanish territory. At the national
level, the population density in the country in 2021 was 94 inhabitants per km?, which
is lower than the European average of 118 inhabitants per km?. Regions such as Aragon,
Castilla y Leon, Castilla-La Mancha, Extremadura, and Asturias have a population density
of fewer than 30 inhabitants per km? [26] which, compared with the density of regions such
as Madrid, with more than 800 inhabitants per km?, reflects this depopulation phenomenon.

In the case of Castilla y Le6n, with a surface area of more than 90,000 km?—larger
than that of countries such as Bulgaria or Luxembourg—and 2.4 million inhabitants, the
population density of the region is close to 25 inhabitants per km? [27]. This demographic
decline has been going on for more than half a century [28,29] and has been accentuated
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in recent years. Since 1996, the region has been losing about 5000 inhabitants per year.
This situation means that more than half of its municipalities have a population of fewer
than 1000 inhabitants. As can be seen in Figure 3 below, most of the territory of Castilla y
Leén has a population density of fewer than 30 inhabitants per year. This phenomenon of
depopulation in Castilla y Ledn means less industrial development in the affected areas
and, therefore, less economic growth [30], while the more densely populated areas have
a greater industrial and economic fabric, as well as other activities such as research and
innovation [31,32].
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Figure 3. Areas of Castilla y Ledn at risk of depopulation.

Research, technological development, and innovation are fundamental for the socioeco-
nomic growth of territories [30]. In Spain, development and research rates are accelerating,
and new organizational forms and functions are emerging that promote research, knowl-
edge, and technology commercialization [33]. STEAM (Sciences, Technologies, Engineering,
Art, and Mathematics) graduates, PhDs, and researchers in technological knowledge areas
help the industrial fabric and economic development [34-37]. The scientific and innova-
tive system of the territory makes it possible to achieve results in terms of technological
progress and, therefore, to promote economic growth [32]. Because STEAM degrees are
directly related to ICT, they are a boost to society and of great use in reducing marginality
and promoting inclusion [38]. Moreover, they are crucial for maintaining competitiveness
within technological areas [39,40].

The presence of highly qualified professionals with these degrees is essential for
the integration of new technologies existing in Industry 4.0: Big Data, robotics, artificial
intelligence, etc. [41]. Likewise, this type of degree encourages creativity, interdisciplinarity
based on problems or projects, collaboration, the development of skills that go beyond the
purely technical and theoretical [42], and innovation, which is characteristics so in demand
in our current century [43,44].

Therefore, to enhance innovation and stimulate industrial and economic growth,
interest in STEAM careers needs to increase [45—47]. Moreover, numerous research has
indicated that women are underrepresented in these careers in most industrialized countries
of the world [38,48,49] and that they experience great difficulties in choosing these STEAM
careers [50-54], being less likely to choose this type of university careers [52]. At the
professional level, this situation is resulting in few women pursuing high-level professional
careers [55-57]. Increasing the number of women studying and working in STEAM fields
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is essential to achieve better solutions to global challenges, as the potential for innovation
is greater [58]. According to the Global Gender Gap Report 2020, the time it will take to
close the gender gap will be 99.5 years. Spain is in eighth place with the lowest gender gap,
with a figure of 79.5%, far from 100% [59].

In the case of Castilla y Ledn, one of the policy measures taken to promote industrial
and economic growth has been the development of regional policies to promote research,
development, and innovation (R&D&I), thus helping settle the population and attract talent
to Castilla y Ledn. These policies are based on the idea that it is not possible to bet on
everything and that the regions must identify the areas of technological and knowledge
specialization that will allow them to generate increasingly competitive activities that
generate wealth and employment.

In response to these requirements, Castilla y Leén has drawn up the Regional Research
and Innovation Strategy for Smart Specialization (RIS3) of Castilla y Le6n 2021-2027. The
four essential aspects of the strategic approach identified in this RIS3 strategy of Castilla y
Leon are: (i) to develop smart specialization priorities; (ii) to improve and strengthen the
research and innovation ecosystem of Castilla y Leodn; (iii) to take advantage of the benefits
of digitalization; and (iv) to strengthen participatory governance for specialization.

The role of all the actors involved is important for achieving these four essential as-
pects: private companies, public administrations, universities, research centers, knowledge
transfer offices, etc. But it is in the second objective—the improvement and strengthening
of the research and innovation ecosystem of Castilla y Leon—that the system of universi-
ties and research in the region plays a fundamental role. Castilla y Leon has four public
universities: (i) Burgos; (ii) Leén; (iii) Salamanca; and (iv) Valladolid; and five private
universities: (i) Catholic University of Avila; (ii) Pontifical University of Salamanca; (iii)
European University Miguel de Cervantes (Valladolid); (iv) University Isabel I (Burgos);
and (v) IE University (Segovia).

In terms of research, Castilla y Leén has two science parks associated with the Univer-
sities of Valladolid and Salamanca, as well as three technology parks in Valladolid, Burgos,
and Leon, in addition to several technology centers, including CIDAUT and CARTIF. Not
forgetting that the region has the National Cybersecurity Institute in Ledn, as well as other
national or mixed research centers, such as the Higher Council for Scientific Research, the
Energy, Environmental and Technological Research Center, as well as regionally owned
research centers, such as the Agricultural Technological Institute of Castilla y Leon. To this
research network, research carried out in private for-profit companies must be added.

According to data from the Spanish Foundation for Science and Technology [60],
this regional system of universities and research accounted for more than 10,200 people
employed full-time in R&D&I activities in the region in 2008, which represents about 4% of
the personnel employed in R&D&I activities at the national level. However, ten years later,
the number of people employed in R&D&I activities was less than 10,000 people. In terms
of researchers, the number is still lower than the number of people employed in R&D&I
activities, being close to 6500 researchers. As far as scientific production is concerned, in
2019, researchers in Castilla y Leon published around 5000 scientific articles, conference
proceedings, and annual reviews. This high activity placed the region among the six
regions of the country with the highest scientific production, behind regions with larger
populations, such as Madrid, Catalonia, Andalusia, Valencia, and the Basque Country.
Finally, in terms of Ph.D. theses, Castilla y Leon, had more than 500 Ph.D. theses defended
in 2018, a figure that again placed the region among the regions with the highest number of
PhDs produced.

Some authors have analyzed the social economy as a factor in the economic develop-
ment and resilience of the population in rural areas of Spain [61]. Others have analyzed the
level of satisfaction of Ph.D. holders in Spain [62]. However, given this scenario, charac-
terized by two fundamental aspects: (i) a progressive de-population; and (ii) the need to
promote and maintain the university and research system in the region, this study analyzed
the existing trends in the number of enrolled students in Castilla y Ledn in university



Trends High. Educ. 2023, 2

82

degrees and in subsequent Ph.D. programs, in areas of knowledge related to STEAM, such
as Engineering, Information Technology and Architecture (Figure 1), and compared them
with existing trends at the national level. In this way, it is possible to draw conclusions
about the possibilities of maintaining a scientific and research community in Castilla y Leén
that will allow the development of the university and research system in the region in the
coming decades. On the other hand, it will be necessary to import talent from abroad or
repatriate the talent that has emigrated from the region for years.

1.3. Research Objectives

The general objective of this research is to analyze the trend of the presence of gradu-
ates and researchers from technical areas and its evolution in the horizon of 2030, within
STEAM areas in depopulated Spain. Specifically, the evolution of the number of enrolled
and graduated students with university degrees and Ph.D. programs in technical areas of
knowledge, such as Engineering, Information Technology, and Architecture, within STEAM
degrees, in Castilla y Leon was analyzed, as well as the possible existence of a gender gap
and its comparison with the national situation.

2. Materials and Methods
2.1. Research Variables

The main independent variables are: (i) programs: grades and Ph.D.; and (ii) students:
enrolled and graduates. The results presented are of degree titles, which is what in Spain
qualifies for the exercise of the engineering or architecture profession. Other independent
variables are: (i) gender; and (ii) location: Castilla y Leén or Spain. (Figure 4).

Engineering

RESEARCH OBJECTIVE MAIN INDEPENDENT VARIABLES
P TTTTmETTT T r___________________-l
Trend in STEAM inthe | | | PROGRAMS STUDENTS | |
. I
depopulated Spain | 1 Grades Enrolled |
: : PhD Graduates :
J :I____________________J
: OTHER INDEPENDENT VARIABLES
-]
= i e e
Information Architecture : : GENDER LOCATION |
Technology 11 :
11 Male Castillay Leén
e e : Female Spain I
R

Figure 4. Research objectives and variables.

To carry out the present study, data from the Spanish Ministry of Universities [63] of
those enrolled in the degrees and Ph.D. programs of Information Technology, Engineering
and Architecture, from the academic year 2015-2016 to 2020-2021 in Castilla y Leon and
Spain were analyzed. The data of graduates in the degrees and doctorates in these areas of
knowledge from the academic year 2015-2016 to the academic year 2020-2021 were also
analyzed. Around two third of the participants are under 25 years of age; therefore, there is
an evident and very large bias due to age. For this reason, age has not been considered an
explanatory variable.
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Phase |

2.2. Research Design and Data Analysis

This research has been carried out in four phases (Figure 5): (i) Phase I: determination,
definition, and formulation of the research objectives and variables; (ii) Phase II: search for
data; (iii) Phase III: analysis of the data obtained in obtaining proportions and regression
models; and (iv) Phase IV: discussion of results and conclusions.

Phase Il Phase llI Phase IV

OBJECTIVES & » DATA » DATA » CONCLUSIONS
VARIABLES SELECTION COLLECTION ANALYSIS DRAWING

Figure 5. Research methodology phases.

3. Results

Once the data were collected (Phase II, Figure 5), the data analysis of the present
research (Phase III, Figure 5) was organized into two sections: (i) University degrees; and
(if) Ph.D. programs. In each section, results were obtained on the situation both specific to
Castilla y Leén and general for Spain in three fundamental variables: (i) enrolled students;
(ii) graduates; and (iii) gender gap.

3.1. University Degrees

Firstly, the number of new students entering the different areas of knowledge in
Castilla y Ledn (Table 1) presented a complicated situation. The specific weight of new
students in Engineering and Architecture, with respect to other areas of knowledge, showed
a decreasing trend and was close to 3% in the last six academic years, which means a loss of
500 students between 2015 and 2021. On the other hand, Spain had an average percentage
of enrolled students in the last six academic years (from the academic year 2015-2016 to the
last consolidated academic year 2020-2021) lower than 16% [63], falling by 1% in the last
six academic years, which means in absolute values, losing about 2000 new entry students.

Table 1. Evolution of new students entering Engineering and Architecture degrees (data compiled
from [63]).

) Castilla y Le6n Spain

Academic Enrolled Enrolled Female Male Enrolled Enrolled Female Male

Year () (%) 1 (%) (%) () (%) 1 (%) (%)
2015-2016 3068 16.0 24.1 75.9 55,235 15.9 22.6 77.4
2016-2017 2663 13.6 22.6 77 .4 53,091 15.6 22.8 77.2
2017-2018 2768 13.7 23.6 76.4 51,968 154 23.2 76.8
2018-2019 2756 145 23.5 76.5 53,199 15.8 23.5 76.5
2019-2020 2463 13.1 25.6 74.4 53,022 15.5 24.5 75.5
2020-2021 2595 134 27.1 72.9 53,215 14.8 25.9 74.1

1 9, students enrolled with respect to the total amount of students.

This loss of students in both the Spanish national system and Castilla y Leon also
reflects a reduction in the specific weight of men (Table 1). In the last six academic years, in
both university systems, the percentage of men has been reduced by 3%, which has led to a
slight increase in the percentage of new female students in Engineering and Architecture
degrees. However, the participation of women in this area of knowledge in both university
systems is still less than 30%. This means that in Engineering and Architecture degree
programs, less than one in three students are a woman. If this trend of a reduction in the
percentage of men enrolled for the first time in Engineering and Architecture continues,
one in three new students will be female by 2030.

Both in Spain and in Castilla y Le6n, comparing the number of students enrolled
among areas of knowledge, Engineering and Architecture is the area of knowledge with the
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lowest interest for students [63]. In the 20182019 academic year, the interest of students
when enrolling in Engineering and Architecture was at 83%. This is the area of knowledge
with the lowest admission rate, unlike other areas of knowledge, such as Sciences or Health
Sciences, whose admission rate is over 90% and even over 100%. In the case of the degrees
included in Health Sciences, more students apply for places in these degrees than places
offered [63].

Regarding students enrolled in the different degrees in the area of Engineering and
Architecture (Table 2), regardless of the academic year in which they are enrolled, Spain had
an average percentage of students enrolled in the last six academic years of 17% (2015-2016
to 2020-2021). This percentage of enrollees in Engineering and Architecture is similar to the
percentage of new entrants, which means that there is not a significant number of students
changing degrees after their first year of study.

Table 2. Evolution of students enrolled in Engineering and Architecture (data compiled from [63]).

. Castilla y Leon Spain

Academic Enrolled Enrolled Female Male Enrolled Enrolled Female Male

Year () (%) 1 (%) (%) () (%) (%) (%)
2015-2016 12,505 17.5 27.7 72.3 241,013 18.2 25.4 74.6
2016-2017 11,258 15.8 27.5 72.5 228,817 17.6 25.1 74.9
2017-2018 10,687 14.8 26.7 73.3 216,727 16.8 24.9 75.1
2018-2019 10,164 14.3 25.7 74.3 214,923 16.6 249 75.1
2019-2020 9857 139 25.9 74.1 213,672 16.5 25.2 74.8
2020-2021 9876 13.6 25.9 74.1 216,911 16.2 25.5 74.4

1 % students enrolled with respect to the total amount of students.

However, this average percentage of 17% of enrolled students has not risen since the
2017-2018 academic year. Therefore, if this downward trend continues, it is likely that in
the next academic years the average percentage of enrolled students in Engineering and
Architecture in Spain will drop from 16%. As for the university system of Castilla y Ledn,
the average percentage of enrollees in the last six academic years is still lower than the
national one, close to 15%.

This drop is even greater if we compare the specific weight of the area of knowledge in
the consolidated academic year 2018-2019, in terms of enrolled students, with the specific
weight obtained in the academic year 2008-2009—the beginning of a great economic
crisis in Spain—when around 25% of the students were enrolled in Engineering and
Architecture. In the academic year 2018-2019, the percentage of enrolled students was
around 17%; therefore, in a matter of ten academic years, the percentage of students enrolled
in Engineering and Architecture has dropped by around 8%. This drop is significant,
implying the loss of 10,000 students enrolled between 2008 and 2018.

As far as the gender gap is concerned, both in Castilla y Leén and Spain, less than one
in three students enrolled in Engineering and Architecture is female. There is, therefore, a
wide gender gap in both university systems, but it is worth noting that, in the case of Castilla
y Leon, in the last six academic years, the gender gap has even increased. If this continues,
with an annual reduction of close to 1% in the enrollment of women in Engineering and
Architecture degrees in Castilla y Ledn, it is possible that, by 2030, women will account for
around 20% of the students enrolled in the area of Engineering and Architecture.

Regarding graduates in Engineering and Architecture, the results reflect an average
percentage in Castilla y Leén and Spain close to 14% and 16%, respectively (Table 3). As in
the case of new entrants and enrolled students, both in Castilla y Leén and Spain, a drop
in the number of graduates was observed. Therefore, in comparison with other areas of
knowledge, fewer and fewer students are completing their degrees in Engineering and
Architecture.
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Table 3. Evolution of Engineering and Architecture graduates (data compiled from [63]).

) Castilla y Leon Spain

Academic G a4yates  Graduates Female Male Graduates  Graduates Female Male

Year (n) (%) ! (%) (%) (n) (n) (%) (%)
2015-2016 2674 18.2 27.5 72.5 37,780 18.6 28.9 71.1
20162017 2083 14.2 30.7 69.3 34,965 17.6 28.2 71.8
2017-2018 1799 12.9 322 67.8 29,158 152 28.4 71.6
2018-2019 1659 13.0 29.6 70.4 28,235 14.9 27.5 72.5
2019-2020 1658 122 293 70.7 29,321 14.1 27.7 72.3
2020-2021 1514 11.3 28.9 711 28,720 13.8 27.3 72.7

1 % students graduate with respect to the total amount of graduates.

If one continues comparing the results obtained for the area of knowledge of Engineer-
ing and Architecture, it is possible to observe that, both in Castilla y Leén and Spain, the
rate of students who finish their degree compared to the number of students who start it,
is very low (Table 4), obtaining in Castilla y Le6n and Spain in the last six consolidated
academic years a value of 14% and 17%, respectively. This means that, of the total number
of students enrolled in Engineering and Architecture degrees, less than 20% manage to
finish their university degree each year, which means that more than 80% of the university
community remains enrolled in the degree at least during the following academic year.
In absolute values, around 1500 students managed to finish their university degree in the
academic year 2020-2021 in Castilla y Leon, in the area of Engineering and Architecture,
while in Spain this figure was slightly higher than 28,700 graduates.

Table 4. Students enrolled vs. graduates in Engineering and Architecture degrees (data prepared
from [63]).
Castilla y Le6n Spain
Academic Year Enrolled Graduates Graduates Enrolled Graduates Graduates
) @ /En(l;zl)led @ ) /En(rozl)led
2015-2016 12,505 2674 214 241,013 37,780 15.7
2016-2017 11,258 2083 18.5 228,817 34,965 15.3
2017-2018 10,687 1799 16.8 216,727 29,158 13.5
2018-2019 10,164 1659 16.3 214,923 28,235 13.1
2019-2020 9857 1658 16.8 213,672 29,321 13.7
2020-2021 9876 1514 15.3 216,911 28,720 13.2

There are multiple factors that may explain why the rate of graduates compared to
enrolled students is so low. Among these factors are: (i) a high dropout rate from the degree
program; and (ii) longer time spent in the degree program. Regarding the first factor, in the
2013-2014 academic year, the dropout rate of newly enrolled students in Undergraduate
studies stood at approximately 40%, while in Engineering and Architecture, it was about
28%. In the 2015-2016 academic year, with 25% of students dropping out after the first
year, Engineering and Architecture ranked as the second knowledge area with the highest
dropout rate, only behind Arts and Humanities. In two academic years, a reduction in the
dropout rate is observed in Engineering and Architecture, which allows us to be optimistic
about a lower dropout rate in Engineering and Architecture in the future. However, it
is not possible to obtain quantitative results regarding its future evolution, neither in the
university system of Castilla y Le6n nor in the national university system.

If the dropout rate is approached from a gender perspective in the 2015-2016 academic
year (Table 5) in Castilla y Leon, the female and male dropout rate is lower than in the na-
tional system. In both university systems, women enrolled for the first time in Engineering
and Architecture have a lower tendency to drop out or change degrees after the first year



Trends High. Educ. 2023, 2 86

than men [62]. In the case of men, their dropout and change rates after the first year are
even higher than the average values obtained for the national system.

Table 5. Engineering and Architecture dropout rate (data compiled from [63,64]).

Castillay Le6n Spain
Female Female
Academic Year  Dropout after Male Dropout Dropout Rate Dropout after Male Dropout Dropout Rate
after 1st. Year o after 1st. Year o
1st. Year (%) (%) 1st. Year %) (%)
(%) ° (%) ’
2015-2016 10.1 14.5 20.1 19.8 26.6 25.1

As for the second factor that explains this low rate of graduates compared to the
number of students enrolled, it should be noted that the length of time students spend on
Engineering and Architecture degrees is higher than in other areas of knowledge, with
an average duration of around five years and a half (it should be bear in mind that the
duration of an undergraduate degree in Spain, after adaptation to the European Higher
Education Area (EHEA), is four years). This duration of Engineering and Architecture
degrees is half-year longer than the average duration of undergraduate degrees in other
areas of knowledge [65].

These two factors are not only influential in the low rate of graduates in Engineering
and Architecture, but they also influence: (i) the reduced interest that students have in
enrolling in degrees included in this area of knowledge, developed above; and (ii) the
high age at which students complete their degree. On the second factor, the age at which
students finish their studies, it should be emphasized that 52% of the students who enrolled
in Engineering and Architecture in the 2018-2019 academic year were between 18 and
21 years old, and therefore, about 48% of the students, were over 22 years old (Figure 6a).
This directly influences the fact that Engineering and Architecture is the area of knowledge
where the percentage of graduates under 25 years of age is lower, around 65%, and yet the
percentage of students over 25 years of age is higher, over 30% (Figure 6b).

5.0% > 31 years 26 to 30 years
14.5% m 22 to 25 years m18 to 21 years

Enrolled 28.2%

52.2%

0% 10% 20% 30% 40% 50% 60%
(@
2.8% > 40 years 31 to 40 years
7.4% 26 to 30 years E< 25 years
Graduates

65.6%
0% 10% 20% 30% 40% 50% 60% 70%

(b)

Figure 6. Age distribution of undergraduate students in the 2017-2018 academic year [64]: (a) enrolled;
(b) graduates.
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3.2. Ph.D. Programs

Table 6 shows the situation of Ph.D. students in Engineering and Architecture in
Castilla y Leon and Spain. These data are not from the first Enrollment but are the total
data of students enrolled, regardless of the years of study in the Ph.D. program. In
general, it can be said that the situation is similar to that identified for students enrolled
in university degrees in the same area of knowledge. In the last six academic years (from
the academic year 2015 to 2016 until the last consolidated academic year 2020-2021), the
average percentage of students enrolled in Ph.D. programs in both Castilla y Leén and
Spain has been 10.5% and 15.5%, respectively. This means that in the last consolidated
academic year, 2020-2021, of the more than 95,000 students enrolled in Ph.D. programs in
the different areas of knowledge in Spain, only less than 15,000 students chose programs
related to Engineering and Architecture. The situation in Castilla y Ledn is even worse
than in the national university system since, in this same academic year, 2020-2021, of
the 5200 students enrolled in Ph.D. programs in the different areas of knowledge, around
550 students chose Engineering and Architecture.

Table 6. Evolution of students enrolled in Engineering and Architecture Ph.D. programs (data
elaborated from [63]).

] Castilla y Leon Spain
Academic Enrolled Enrolled Female Male Enrolled Enrolled Female Male
Year () (%) ! (%) (%) () %) ! (%) (%)
2015-2016 447 11.9 30.9 69.1 8802 15.8 29.3 70.7
2016-2017 481 11.0 29.9 70.0 11,161 15.6 29.4 70.6
2017-2018 498 10.3 29.5 70.5 13,350 15.6 29.5 70.5
2018-2019 500 9.9 28.4 71.6 13,766 15.2 29.4 70.6
2019-2020 509 9.7 29.9 70.1 13,928 15.0 29.6 70.4
2020-2021 546 10.5 28.9 71.1 14,617 15.3 29.7 70.3
1 % students enrolled in the area of knowledge with respect to the total number of enrolled students.
As far as the gender gap in students enrolled in Ph.D. programs in Engineering and
Architecture is concerned, the percentage of women enrolled in this type of Ph.D. is higher
than in related university degrees, being close to 30% in the last six consolidated academic
years, both in Castilla y Ledn and in Spain. This means that one in three students in
Engineering and Architecture Ph.D. programs is female and that the interest of women in
Engineering and Architecture Ph.D. programs is increasing compared to university degrees,
where their percentage of enrollment is lower.
If we now analyze the results obtained for students graduating from Engineering and
Architecture Ph.D. programs (Table 7), the situation is similar to that analyzed above for
students enrolled in these programs. In Castilla y Ledn, the percentage of graduates in En-
gineering and Architecture, compared to other areas of knowledge, in the last consolidated
academic year 2020-2021, was 12%, while in Spain, it was 15.5%.
Table 7. Evolution of graduates from Ph.D. programs in Engineering and Architecture (data from [63]).
. Castilla y Leon Spain
Academic G ragquates  Graduates Female Male Graduates  Graduates Female Male
Year () %) ! (%) (%) () %) ! (%) (%)
2015-2016 16 8.2 56.2 43.7 438 22.0 33.6 66.4
20162017 41 12.1 415 58.5 704 16.5 30.0 70.0
2017-2018 54 10.7 259 741 1292 17.7 30.0 70.0
2018-2019 55 11.5 29.1 70.9 1639 17.5 31.2 68.8
2019-2020 50 8.8 30.0 70.0 1539 16.4 28.9 711
2020-2021 67 12.3 22.4 77.6 1729 15.5 29.7 70.3

1 % graduate students with respect to total number of graduate students.
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And as far as the gender gap in graduates in Engineering and Architecture is concerned,
we can only highlight the significant reduction that has existed in recent years in Castilla y
Ledn going from a percentage of women over 56% in the academic year 2015-2016 to 22.4%
in the academic year 2020-2021.

Finally, the results obtained in terms of students enrolled and graduates in Ph.D.
programs in Engineering and Architecture were compared. For this purpose, the rate of
students who complete their degree compared to the number of students who start their
degree was determined (Table 8). The results showed that very few students enrolled in
both Castilla y Leén and Spain manage to complete their Ph.D. programs. However, it
is true that in both university systems, a significant improvement was observed, with a
rate of Ph.D. students compared to those enrolled of no more than 5% in the 2015-2016
academic year to a rate close to 12% in the 2020-2021 academic year.

Table 8. Students enrolled vs. graduates in Engineering and Architecture Ph.D. programs (data from [63]).

Castilla y Leon Spain
Academic Year Enrolled Graduates Graduates/ Enrolled Graduates Graduates/
@) @) Enrolled @ ) Enrolled

(%) (%)
2015-2016 447 16 3.6 8802 438 5.0
2016-2017 481 41 8.5 11,161 704 6.3
20172018 498 54 10.8 13,350 1292 9.7
2018-2019 500 55 11.0 13,766 1639 119
2019-2020 509 50 9.8 13,928 1539 11.0
2020-2021 546 67 12.3 14,617 1729 11.8

These results are critical for the sustainability of the university and R&D&I systems
since in the case of Castilla y Ledn, less than 50 students a year obtain their doctorate in
Engineering and Architecture, while in Spain, this figure is close to 1200 students. In other
words, each year, in each of the country’s 17 autonomous communities, around 70 students
complete their Ph.D. program in Engineering and Architecture.

4. Discussion

Castilla y Leon is the Spanish region with the highest pass rate in the university
entrance exams; however, not all students who can access the university system in the region
do so, with only 64% enrolling in it. The rest emigrate to other autonomous communities
in order to begin their university careers, mainly in Madrid, or they enroll in off-campus
universities or in foreign universities [62]. These data reflect a harsh reality in terms of the
continued exodus of young people from the region to other regions of the country and the
complications involved in studying for a university degree or Ph.D. program in this region,
characterized by long distances between its main urban centers.

In the 2020-2021 academic year, around 69,000 students were enrolled in undergradu-
ate degrees in Castilla y Leon, of which just over 55,000 were studying at public universities
in the region, while 14,000 were enrolled at private universities. Adding to the number
of students enrolled in undergraduate degrees, the students enrolled in Master’s and
Ph.D. programs, Castilla y Leén had over 80,000 students enrolled in university degrees,
regardless of their level [66].

Regarding Engineering and Architecture, in Spain, 90% of the students in this area
of knowledge study in Public Universities; however, in the case of Castilla y Ledn, the
percentage of students enrolled in public universities is close to 80%, while the remaining
20% study in private universities in the region or non-face-to-face [62]. Regarding the
number of degrees, the region offered 85 bachelor’s and master’s degrees in the 2020-
2021 academic year within the area of knowledge of Engineering and Architecture. Of
these degrees, most were offered by the public universities of the region, mainly by the
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universities of Salamanca and Valladolid, with more than 20 degrees offered by each of
them [63].

Regarding the different disciplines included in the area of knowledge included in
this research and related to STEAM: (i) Engineering; (ii) Information Technology; and (iii)
Architecture (Figure 7), the four public universities and two of the five private universities
of Castilla y Leon offer at least one degree in Engineering (regardless of whether it is in
Mechanics, industrial organization, aeronautics, civil, mining, electronics, electricity, mate-
rials, forestry, forestry, agronomy, etc.). As for Information Technology, all the universities
in the region, both public and private, offer undergraduate degrees related to Computer
Science. However, the diversity of degrees within the area of Computer Science is less than
in the case of Engineering. Finally, as for Architecture, only three public universities and
one private university in the region offer degrees related to Architecture.

Arquitecture = Engineering Technology Information
3

Public Universities I ¢

1
Private Universities |

0 1 2 3 4 5
Figure 7. Distribution of universities in Castilla y Le6n offering undergraduate degrees in Engineer-
ing, Information Technology and Architecture.

From these results, it is possible to affirm that less than half of the academic offerings
offer undergraduate and master’s degrees related to Architecture. Therefore, the lack
of interest in this STEAM specialty is both on the part of the students—in view of the
results in terms of the number of newly enrolled students (Table 1) and those enrolled
in university degrees (Table 2) and in Ph.D. programs (Table 6)—and on the part of the
academic institutions, which do not offer related degrees.

As for Ph.D. programs, a total of 68 undergraduate degrees and 14 Ph.D. programs are
offered in the different universities of Castilla y Leon with undergraduate degrees in the
area of knowledge of Engineering and Architecture (Figure 8). The wide academic offer of
both undergraduate and Ph.D. programs in Engineering clearly stands out, accounting for
75% of the total number of degrees offered in the region, while in the case of Architecture
and Computer Science, with 15 undergraduate degrees and 5 Ph.D. programs, they account
for 25% of the total.

In order to compare the situation of the three specialties: Engineering, Information
Technology, and Architecture in Castilla y Ledn, from the data, different statistics were
used: (i) % students enrolled; and (ii) annual percentage variation rate of students enrolled.
The following formula was used to calculate this percentage variation rate:

n—n
Variation rate (%) = 11170-100 1)
0
where, 1 is the number of students in the current academic year and #ng is the number of
students in the previous academic year. Thus, it is possible to calculate the annual variation
rate since the 2016-2017 academic year.
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Figure 8. Distribution of undergraduate degrees in Engineering, Information Technology and Archi-
tecture by type of university.

Regarding the number of students enrolled in Castilla y Ledn, the situation is very
different depending on whether it is Engineering, Information Technology, and Architecture
(Figure 9). Engineering is the degree with the highest percentage of students; however,
there is a progressive drop. In the 2015-2016 academic year, the region had more than 7000
students enrolled in Engineering degrees; however, in the last consolidated academic year,
2020-2021, the number of students enrolled was less than 6000. This means that from 2016
to 2021, the variation rate is negative, highlighting the academic year 20162017, when the
variation rate was over 11%. As for Information Technology, despite being together with
Architecture, the two least offered specialties in the region, the situation is very different
from Engineering, with a progressive increase in terms of the percentage of students
enrolled and the variation rate in positive values each academic year, des-emphasizing
the academic year 2017-2018 when the variation rate was higher than 8%. However, the
difference in absolute values between Engineering and Information Technology is still wide
since in the last consolidated academic year, 2020-2021, around 3200 students enrolled
in Castilla y Ledn in Information Technology, while around 5600 students enrolled in
Engineering.

Finally, Architecture is the degree with the most unfavorable situation in the region.
The percentage of students enrolled falls year after year, being less than 5% in recent years,
receiving in the academic year 2020-2021 only 1.5% of the students enrolled. Regarding
the variation rate, it reflects the critical reality that the specialty is suffering, accumulating
negative values in the last five academic years and, in four of them, a value higher than
15%.

In terms of Ph.D. programs (Figure 10), the scenario has some significant differences
with respect to that analyzed above for university degrees. In the case of engineering, the
number of students enrolled accounts for about 7% of the total number of students enrolled
in Ph.D. programs in Castilla y Le6n. Regarding the variation rate, except for the 2018-2019
academic year, the rest of the academic years from 2016 to 2021 had a positive variation rate,
which means that the number of students enrolled increased with respect to the previous
academic year. In the case of Information Technology, the percentage of students enrolled is
minimal, being less than 2% since the 2015-2016 academic year. However, in each academic
year, the variation rate continued to grow, above 20% in the last courses, except for the
last consolidated 2020-2021 academic year, probably as a consequence of the confinement
originated by COVID-19 and the high mobility restrictions the country suffered. Finally, as
for Architecture, the percentage of students enrolled is similar to Information Technology;
however, in the case of Architecture, unlike Information Technology, the variation rate in
the last academic years was negative, which means a decrease in the number of students
enrolled in Architecture Ph.D. programs.
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Figure 9. Variation of students enrolled in university degrees in Engineering, Information Technology,
and Architecture in Castilla y Leén (data from [63]).
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Figure 10. Variation of students enrolled in Ph.D. programs in Engineering, Information Technology
and Architecture in Castilla y Leon (data from [63]).

Finally, regarding graduates in the university system of Castilla y Le6n, both in
undergraduate degrees and Ph.D. programs, the results are shown in Figures 11 and 12.
The data on graduates in Engineering and Architecture from 2015 to 2021 reflect a negative
rate of variation, which means a continuous annual decrease in the number of graduates.
Only Information Technology had positive variation rates between the years 2107 and 2018,
implying growth in the number of graduates in these degrees. However, the percentage
of students graduating in Computer Science, in comparison with the rest of the areas
of knowledge, is less than 3%, which in absolute numbers means around 300 Computer
Science students graduate annually in Castilla y Leon.

Finally, in terms of Ph.D. program graduates in Castilla y Ledn, the results in the
different disciplines analyzed (Figure 12) from 2015 to 2021 reflect a complex scenario
in which the number of graduates was very low. In the case of Engineering, in the last
six consolidated academic years, the average number of students graduating in Ph.D.
programs was less than 40 students, having slightly exceeded this figure in only two of
these six academic years.

Regarding the variation rate, the results obtained showed a different situation in
which several academic years had a growth in terms of the number of graduating students,
highlighting the academic year 2016-2017, when the number of graduates was 26, which
doubled the number of students in the previous academic year.
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Figure 11. Variation of graduates in university degrees in Engineering, Information Technology and
Architecture in Castilla y Leén (data from [63]).
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Figure 12. Variation in the number of students graduating from Ph.D. programs in Engineering,
Information Technology and Architecture in Castilla y Le6n (data from [63]).

In the case of Engineering, the situation is even more critical as far as the number of
Ph.D. graduates is concerned, obtaining an average value in the last six academic years,
from 2015 to 2021, of less than ten students, which means a percentage of graduates with
respect to the total number of graduates in the different specialties of less than 2%. However,
it is possible to observe a progressive growth in its rate of variation, in constant growth.

Finally, in Architecture, the situation is similar to that analyzed above in Engineering
in terms of the specific weight of graduates in Ph.D. programs, obtaining an average value
in the last six academic years, from 2015 to 2021, in terms of graduates, less than 10, which
means a percentage of graduates with respect to the total number of graduates in the
different specialties of less than 2%. However, unlike Computer Science, Architecture
accumulated from 2015 to 2021 several academic years in which the variation rate was
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negative, so the discipline did not have the progressive growth that Engineering and
Information Technology had in terms of the variation rate.

Finally, it is worth clarifying the unusually high rate of variation suffered in Engineer-
ing, Information Technology, and Architecture in the 2016-2017 academic year of 100%,
300%, and 450%, respectively. This exponential increase in the annual variation rate was
due to a change in national legislation, which forced the cancellation of existing Ph.D.
programs in Spain by September 30, 2017, in order to create new Ph.D. programs adapted
to international regulations. This situation meant an increase in the number of students
who must defend their Ph.D. Thesis before the end of the 20162017 academic year in order
not to be forced to start their studies again in a different Ph.D. program [67].

Given this complex scenario, it is difficult to ensure the incorporation into the labor
market of enough professionals in STEAM degrees, such as Engineering, Information
Technology, and Architecture. A recent report by the Engineering Observatory of Spain [68]
has stated that Spain will need 200,000 engineers in the next ten years to meet the current
business demand. Currently, there are 750,000 engineers in Spain, of which 3.7% are retired,
and the rest are active. In view of the results obtained in this research, in which Spain
had in the last six consolidated academic years an annual average of 31,000 graduates
in Engineering, Information Technology, and Architecture, it is possible to state that the
country will take around seven years to provide the labor market with the STEAM technical
graduates that Spain needs, taking into account that this time may increase if the drain
of talent to other countries of the European Union or the rest of the world is taken into
account. This is a significant figure when compared with the situation in the EU since the
number of engineers per inhabitant is 15.7 in Spain, a ratio that exceeds those of France
(14.4) and Italy (11), although it is quite far from the number of professionals in Germany
(20.4) [68].

In the case of ICT specialists, some reports identify that Spain should create 1.3 million
ICT specialists by 2030 [69]. Considering the current rate of graduates in Computer Science
in Castilla y Le6én and Spain, with an average of 5000 and 400 graduates respectively in
recent years, it is very difficult to achieve this goal.

Following the trend of the current data on engineering degrees (Table 2 and Figure 9),
it can be estimated that in the year 2030 in Spain, there will be around 120,000 students
enrolled, while in Castilla y Ledn, there will be around 5000. However, the number of
engineering graduates in 2030 will be less than 800 students in Castilla y Leén and 16,000 in
Spain. On the other hand, based on the trend reflected in the Ph.D. programs in Engineering
(Table 6 and Figure 10), it can be predicted that in 2030 there will be close to 9000 Ph.D.
students in Engineering in Spain, while in Castilla y Ledn, there will be around 300.

As for Computer Science, current data (Table 2 and Figure 9) suggest that in the year
2030, there will be around 56,000 students enrolled in these degrees in Spain, while in
Castilla y Ledn, there will be around 3500. However, based on the data in Table 3, the
number of graduates is expected to be 420 students in Castilla y Ledn and 6177 in Spain.

In the case of Ph.D. programs in Computer Science (Table 6 and Figure 10), it can be
estimated that in the year 2030, in Spain, there will be around 2200 students enrolled in
these degrees, while in Castilla y Le6n, there will be less than 80 students. Furthermore,
the number of graduates in these Ph.D. programs will be 12 students in Castilla y Leén and
300 in Spain.

Finally, it can be said that Architecture, if it follows the current trend shown in Table 2
and Figure 9, will have the most complicated situation of the three areas of knowledge
analyzed in 2030, both in Castilla y Le6n and in Spain. In fact, in Spain it is predicted that
in 2030 there will be less than 10,000 students enrolled in Architecture degrees and less
than 1000 students in the case of Castilla y Leén. As for Ph.D. programs in Architecture
(Table 6 and Figure 10), the data predict an even more complicated situation in Castilla y
Leon. If the trend shown in Table 6 and Figure 10 continues, by the year 2030 the number
of students enrolled in these Ph.D. programs in Spain will be very low and in Castilla y
Leodn there will be practically no students enrolled. It should be emphasized that in view of
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this shortage of architects, who are the most suitable STEAM professionals to be able to
tackle the rehabilitation and improvement of energy efficiency in the residential sector, it
is very difficult for Spain to achieve the objectives of improving energy efficiency in the
residential sector defined by the European Union for the coming years [70].

As far as the gender gap is concerned, the number of women enrolled in the univer-
sities of Castilla y Leon exceeds that of men: 57% are women in undergraduate studies
and 54% in Master’s studies [66]. However, this trend is not maintained globally within
university degrees in Engineering, Computer Science, and Architecture, where of the al-
most 10,000 students enrolled, less than 3000 are women. Therefore, less than one in three
students enrolled in STEAM degrees in Castilla y Ledn is a woman. This gender gap is
even worse in the current labor market, where two out of ten engineering workers are
women [68].

However, in terms of the gender gap in students enrolled in STEAM degrees, there
are two exceptions in Castilla y Leén. On the one hand, the number of women enrolled in
Computer Science is increasing. On the other hand, in the case of Architecture, the gender
gap will decrease as a result of a stable interest on the part of women and a progressive
reduction in interest on the part of men.

5. Conclusions

Spain suffers a serious depopulation problem in large part of its territory, a phe-
nomenon that has been called “empty Spain”. Castilla y Ledn, with characteristics that
differentiate it from the rest of the regions of the country: (i) large extension of its territory
and (ii) very aged population, suffers notably from this phenomenon of depopulation. In
order to face this progressive depopulation, STEAM degrees, such as Engineering, Infor-
mation Technology, and Architecture, are positioned as an option for regional economic
development and to increase technological development in this region and thus maintain
the population still existing in its territory.

Although Castilla y Le6n has a very varied university system in terms of academic
offerings, with nine universities in its territory, four of them are public universities and
five are private, with more than 80 undergraduate degrees and Ph.D. programs related to
Engineering, Information Technology, and Architecture, the results obtained in this research
showed a complicated situation in terms of the number of students enrolled in these degrees.
In the last six academic years, Castilla y Ledn has suffered a progressive decrease in the
number of students enrolled. The problem of depopulation further accentuated this decline
in the number of students enrolled, resulting in a greater progressive decline in the different
specialties and programs. The Engineering area is, among the three considered in this
research, the one with the highest number of students enrolled in university degrees;
however, it suffers a progressive decline that will be more noticeable in the coming years,
when the number of students enrolled will be even lower. However, as for the Engineering
Ph.D. programs, the number of students enrolled and graduates is increasing every year.

As for Computer Science, in Castilla y Leon, the number of enrolled students and
graduates showed a growing trend in both undergraduate and Ph.D. programs. Of the
three specialties analyzed, it is the one with the best future prospects. On the other
hand, Architecture is suffering a progressive decline at the global level, both in terms of
enrolments and graduates in university degrees and Ph.D. programs. This situation is
probably a consequence of the economic and real estate crisis that occurred in Spain in
2007. However, Architecture is the specialty where the gender gap is the smallest, and, as
in Information Technology, it follows a decreasing trend. Even so, the presence of women
in the different STEAM degrees in the region is less than 30%, with the majority being men.

In view of the results obtained, it is difficult to affirm that both Spain and Castilla
y Ledn will be able to meet the demand for engineers and ICT specialists that will exist
in the labor market in the coming years. To this situation must be added a progressive
reduction of the active population, as a consequence of the retirement of the Baby Boomers,
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the majority of the active population in Spain today, born during the sixties in the twentieth
century and who will retire before 2030.

Castilla y Ledn, like other regions of Spain such as Extremadura, Galicia, or Asturias,
as well as European countries such as Sweden, Finland, Estonia, or Latvia, must face
a progressive decrease and aging of its population. Given this reality, the trend shown
in this paper for Castilla y Leén—which reflects a lack of technical professionals in the
coming years—can serve as an example to the rest of the depopulated regions in Europe to
encourage the creation of a regulatory framework that encourages young people to pursue
undergraduate and Ph.D. programs related to Engineering, Information Technology, and
Architecture in the coming years. The training of future STEAM professionals with high
digital skills will be one of the mechanisms to foster 2030 the economic and technological
development of depopulated European regions, thereby slowing down the trend toward
critical depopulation.

As future lines of research, it could be considered to analyze the real effect of the
pandemic in the coming years with respect to graduates. Unfortunately, this task cannot
be fully accomplished at this time because undergraduate and Ph.D. programs have a
minimum duration of four years in Spain. Hence, all graduates considered in this study
entered the corresponding studies before the pandemic, and there are still no data on
graduates who entered during the pandemic. In addition, it would be important to study
the influence of other factors, such as the state of the labor market, the salary gap that may
exist between graduates and PhDs, which may affect hiring, or, in the case of females, how
work-life balance affects their professional and academic choices. It would also be useful
to study the proportions of students who are foreigners and who remain after completing
their studies or who return to their respective countries because this may affect the impact
of the number of graduates on local and regional development parameters.
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