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ABSTRACT An investigation was conducted to examine the impact of training in intelligent systems
within engineering courses at the university level, considering the parameters and reports on business trends
for 2030, as well as the Sustainable Development Goals (SDGs). The study analyzed 2309 subjects
across 66 undergraduate degrees offered at nine universities in the Andalusia region, which is the most pop-
ulous region in Spain. The objective of this research is to assess whether the training in intelligent systems,
specifically in the fields of electrical engineering, electronics, computer science, and telecommunications,
adequately prepares students in their final years of study to meet the demands of the labor and business
market. Reports and trend studies have identified the urgent areas that require attention, including training
in sensors, smart grids, smart cities, 10T, artificial intelligence, embedded systems, among others. The
investigation provides insights into the current state of training in intelligent systems within the final years of
engineering programs. These findings will inform future curriculum development and teaching guidelines,
with the goal of enhancing students’ knowledge and skills in line with technological and engineering trends.
The study will analyze subjects across various Spanish universities in Andalusia, considering their rankings.
Based on the analysis of the results, recommendations for improvement actions and strategies to strengthen
the curriculum will be proposed.

INDEX TERMS Educational institutions, engineering education, intelligent systems, business trends, smart
systems, sustainable development goals (SDGs).

I. INTRODUCTION

According to the latest reports by the Gartner agency
on technology trends, titled “Top Strategies Technology
Trends 2023,” ten key trends have been identified for this
year. These include Sustainable Technology, AI TriSM,
Wireless-Value Realization, Industry Cloud Platforms,
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Digital Immune System, Platform Engineering, Superapps,
Adaptive Al, Applied Observability and Metaverse [1].
Moreover, esteemed technological institutions like the Mas-
sachusetts Institute of Technology (MIT) have also identified
various innovative technological trends for 2023. These
encompass Health Technology, focusing on areas such as
genetics, telemedicine, and artificial organs, as well as Arti-
ficial Intelligence in its various domains. Other areas of
interest include the Chip Industry, Military Drone Industry,
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Electric Vehicles, Aerospace Technology, Recycling, among
others [2]. Additionally, the World Economic Forum, rely-
ing on the McKinsey & Company report, has highlighted
several principal technology trends for 2023 and beyond.
These encompass Robotics, Industrial Internet of Things
(IoT), Digital Twins, 3D or 4D printing (also known as
additive manufacturing or AM), 5G Connectivity, Distributed
Technology Infrastructures, Adaptive Artificial Intelligence
in all its facets, Cybersecurity, Biorevolution, and Advanced
Materials [3]. Research has demonstrated the significance
of higher education in educational centers and institutions,
emphasizing the necessity of transferring education and
innovation to industry and regional economies. For instance,
within the realm of Artificial Intelligence (Al), it has pro-
vided students with enriched learning experiences, enabling
personalized and customized learning materials tailored to
their individual needs and capabilities [4], [5].

Universities must equip students with advanced skills,
particularly in the domains of smart cities, environmental
management, and energy resource optimization through Al
systems, sensors, [oT, and other technologies. The world is
experiencing rapid changes, and future professionals in the
energy, environmental, and digital engineering sectors cannot
afford to lag behind [6], [7].

Furthermore, teaching criteria, academic guidelines, lab-
oratory practices, and research in the realm of intelligent
systems and environments necessitate continuous improve-
ment and adaptation to meet industry demands. The industry
evolves rapidly, with technological developments and inno-
vations emerging on a yearly, and even monthly, basis.
Universities must provide challenges and updates that offer
engineering students a realistic and effective understand-
ing of the latest-generation technologies, without delay in
modifying the academic teaching guides [8]. The success
of flexible, intuitive, and resilient developments in engi-
neering and technology, as applied to society, relies on the
adequate training of professionals who will spearhead these
initiatives [9], [10], [11]

The ever-advancing technology landscape and shifting
business and institutional strategies, influenced by the chang-
ing realms of economics, geopolitics, and global health
management following the COVID-19 pandemic, urge us to
reflect and investigate the foundations of education in intelli-
gent systems applied across all disciplines of knowledge [11].

For many years, university training in engineering and
technology has remained rigid and static, with syllabus design
and teaching guides remaining unchanged for extended peri-
ods, typically ranging from 4 to 8 years, or even longer.
While this approach ensures consistency in writing syl-
labi, textbooks, internships, and coordinating teaching and
research activities, it hinders progress in the industrial and
environmental realms beyond the confines of classrooms
and laboratories [12]. To foster resilience, it is crucial to
strengthen the essential synergy between universities and
industries. The rigidity of syllabi does not align with the
dynamic nature of industrial advancements. Investments in
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technology are key to organizational success, necessitat-
ing the anticipation of system demands and the training of
future engineers in advanced, multidisciplinary intelligent
systems [13], [14]. Therefore, the world is changing and
university education must adapt flexibly and continuously to
these changes, which can be very rapid and require research
professionals and PhDs in technological disciplines to be up
to the task [15], [16], [17].

This study undertakes a comprehensive investigation into
higher education training and education in the field of Intel-
ligent Systems and Technology, specifically focusing on
their adaptability to societal changes and the construction
of new educational paradigms. Our analysis encompasses
66 official Engineering Degrees and 2309 teaching guides
from the university system of Andalusia, the region with the
largest population in Spain. With its significant economic
and strategic potential, Andalusia maintains autonomy and
a commitment to continuous improvement in its educational
system. Within this context, we have closely examined the
various criteria of higher education, particularly in the areas
of Smart Grids, Smart Cities, [oT, Al, and other parameters
related to advanced technologies for sustainability and effi-
ciency. This research can serve as a blueprint for replication in
larger territories, such as Spain or the European Union, which
will be the focus of our next phase of analysis.

To achieve this, we will employ the innovative methodol-
ogy of Gartner Hype Cycles, which utilizes graphical rep-
resentations to depict the maturity of technologies and their
applicability in solving problems across various domains.
In this research, we will apply this methodology to align
the curricular content of universities in the field of intelli-
gent systems. Figure 1 presents Gartner’s Hype Cycle graph,
which showcases the upcoming technological trends and
innovations, along with their projected expectations and evo-
lutionary trajectories over time. By utilizing this framework,
we aim to gain valuable insights into the future developments
in the field of intelligent systems and utilize them to enhance
the educational offerings of universities.

HYPE CYCLE PRIORITY MATRIX

Time To plateau Will e Reached: <2ys )( @ 2-5ys. ) (@ 510y A >10ys ) @ obsole d

EXPECTATIONS

FIGURE 1. Gartner hype cycle chart. Technology evolution and
expectations. 2022 [18].
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Furthermore, we have extensively reviewed global studies
and reports that provide forecasts in various areas, including:

o Smart Cities IoT and data analytics for sustainable
resilience [19], [20].

o Climate change and sustainable growth for balancing
financial, environmental and economic opportunities in
cities [21].

« Implementation strategies that deliver data-driven indus-
trial and social ecosystem engagement in carbon reduc-
tion and innovation to deliver clean and green technol-
ogy solutions [22].

o Review of the SDGs and their alignment with intel-
ligent systems and advanced technologies in applied
engineering [23].

Considering this information, we pose the following ques-

tions:

« Is higher educational planning and training resilient to
the technical-economic, strategic and social changes of
the 19th century? We will analyze a set of 9 European
university institutions and 2309 subjects to obtain the
results.

« Would it be wise to reinvent and holistically transform
the current education system according to the aspirations
of stakeholders, industry, governance, society, health,
etc.? We will write some final recommendations and
analysis, after observing the data obtained from the
research.

« What macro and micro level changes would be required
in the current education system if it were to be
redesigned for the Smart Cities of the modern globalized
world? Based on the research carried out, we will obtain
a decalogue of changes and proposals.

Our study aims to comprehensively evaluate all engineer-
ing degrees offered at nine Andalusian universities, with
a particular focus on disciplines such as electricity, elec-
tronics, computer science, telecommunications, and related
fields. We will meticulously analyze the subjects and teaching
guides implemented during the 2022-2023 academic year
across these institutions. Furthermore, we will align these
degrees through meticulous textual analysis of their con-
tents, considering the forecasts and trend reports provided by
renowned international agencies such as Gartner and others.
Our ultimate objective is to propose a comprehensive work
plan that will enhance and evolve engineering studies at the
analyzed Andalusian universities. To accomplish this, we will
conduct a comparative analysis and provide well-founded
recommendations based on the insights gained from our
research. By undertaking this comprehensive examination,
we aim to contribute to the advancement of engineering
education and its alignment with the emerging demands of
the industry.

This paper is organized as follows. Section II provides a
comprehensive review on the integration of SDGs in uni-
versities for Engineering and Technology, focusing on the
Andalusian University Context. Section III describes the

methodology employed in this research, including an analysis
of engineering degrees in Andalusian universities, with a
particular emphasis on their alignment with future trends
and strategic improvements. In Section IV, we present the
findings and results obtained from the textual analysis of
engineering degrees, considering the incorporation of intelli-
gent systems and technologies in university studies. Section V
discusses the implications and significance of these findings,
highlighting the potential improvements and advancements
in engineering education. Finally, Section VI concludes the
paper by summarizing the key findings, discussing their
implications and future developments in this field.

Il. PRELIMINARIES

A. INTEGRATION OF SDGS IN UNIVERSITIES FOR
ENGINEERING AND TECHNOLOGY

In recent decades, there has been a growing recognition
among higher education institutions, universities, research
institutes, and other centers regarding the importance of
incorporating the Sustainable Development Goals (SDGs)
into their work programs. This integration extends to areas
such as energy efficiency, equality, and various other param-
eters outlined in the UN Agenda 2030 [24]. The adoption of
the SDGs entails addressing significant social, economic, and
environmental challenges.

Additionally, it is crucial to equip engineering and technol-
ogy students with the necessary skills to navigate complexity,
engage in effective dialogue and communication, foster deep
reflection, develop a holistic worldview, and demonstrate
sensitivity to values. Furthermore, they should be able to
assess whether their activities contribute to or hinder the
achievement of the SDGs. By fostering these skills, knowl-
edge, and vocational experiences, we can actively contribute
to expediting progress across all SDGs [25].

The promotion and integration of sustainability education
across various academic disciplines, including engineer-
ing and technology, poses a significant challenge for the
higher education sector that requires urgent attention. Indus-
tries, companies, and organizations are increasingly placing
demands on the education sector to provide students in sci-
entific and technological fields with training in sustainability
and compliance with the SDGs [26], [27].

Universities and higher education centers play a crucial
role in driving development, training, and paradigm shifts
towards resilience in various domains, including social, eco-
nomic, strategic, and technological areas. As outlined in
the 2030 Agenda, universities have a dual responsibility.
Firstly, they need to integrate the Sustainable Development
Goals (SDGs) into their core activities, encompassing teach-
ing and research, to generate interest and promote education
and research on the SDGs. Secondly, they are expected to act
as transformative agents in society [28]. Extensive research
supports the necessity and significance of integrating the
SDGs at the university and higher education levels [29].
These institutions not only contribute to societal changes but
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also facilitate improvements and adaptations in higher educa-
tion. Incorporating sustainability is a significant challenge in
terms of implementing measures for environmental protec-
tion, managing energy and water resources, and promoting
resilient and environmentally-friendly construction, among
other aspects [6].

The analysis of various sources and research indicates
a lack of significant emphasis on aligning the Sustainable
Development Goals (SDGs) within higher education sys-
tems, universities, and research centers. While there is public
interest in the SDGs, their integration into teaching guides,
curriculum content, technical planning, and strategy reports
in the short and medium term is limited [28]. Notably,
the guide provided by the Spanish Network for Sustainable
Development (REDS) offers valuable insights into the imple-
mentation of sustainability in teaching and research, outlining
the necessary procedures and resources [30]. To effectively
address this issue, universities must promptly develop an
agenda and strategy for SDG integration, considering the cru-
cial role of technological factors in facilitating institutional
improvement and societal impact, as depicted in Figure 1.

Additionally, the Conference of Rectors of Spanish Uni-
versities (CRUE) provides an online tool that allows uni-
versities to evaluate their sustainability efforts through a
questionnaire-based assessment [31]. These resources can
aid universities in actively engaging with sustainability and
advancing the necessary changes within their institutions.

Mapping: identify current actions

Properties, opportunitics and weaknesses

FIGURE 2. Sustainable development planning at the university.
REDS 2020 [30].

B. ANDALUSIAN UNIVERSITY CONTEXT

It is important to highlight the existence of prestigious uni-
versity rankings that analyze institutions worldwide based on
indicators such as research output, publication of high-impact
studies, citations, and awards. One notable example is the
Shanghai Ranking, also known as the Academic Ranking of
World Universities [32]. This ranking evaluates universities
with Nobel laureates, highly cited researchers, and articles
published in renowned journals like Nature or Science. It also
considers the number of articles indexed in the Science Cita-
tion Index-Expanded (SCIE) and Social Science Citation
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Index (SSCI). The ranking includes over 2500 universities
globally, with the top 1,000 being published.

Within this ranking, it is possible to narrow down the
analysis to specific areas or subjects. In the scope of this
research, the focus is on Electrical and Electronic Engineer-
ing, Computer Engineering, and related fields, as they are
closely related to the research proposal (Table 1). Among
the 76 Spanish universities ranked, 16 are included in the
Shanghai Ranking for Electrical & Electronic Engineer-
ing in Spain. Notably, three universities from the region
of Andalusia—Seville, Malaga, and Granada—are part of
this group. These three universities represent 18.75% of the
top-ranked universities in Spain, positioning them among the
500 best worldwide according to the Shanghai Ranking.

TABLE 1. Shanghai ranking of academic subjets 2022. Electrical &
electronic engineering. Spain [32].

Academic Subjects: Electrical & Electronic Engineering

World Rank University of Spain Q1
76-100 University of Extremadura 20.6
101-150 Polytechnic University of Catalonia 42.4
101-150 University of Seville 30.0
151-200 University of Valencia 22.2
201-300 Carlos IIT University of Madrid 32.0
201-300 University of Malaga 25.1
301-400 University of Alcala 21.4
301-400 University of Granada 24.6
301-400 University of the Basque Country 21.1
301-400 University of Vigo 23.5
301-400 University of Zaragoza 20.2
401-500 Autonomous University of Barcelona 22.6
401-500 Polytechnic University of Madrid 37.3
401-500 Polytechnic University of Valencia 335
401-500 Universitat Jaume I 12.8
401-500 University of Salamanca 17.0

In Table 2, which corresponds to the Shanghai Ranking of
Computer Science Engineering in Spain, there are 14 univer-
sities ranked among the top 500 worldwide. Notably, four
of these universities are located in the region of Andalusia,
accounting for 28.57% of the highest-ranked universities in
Spain.

Considering the above, it is crucial to highlight the essen-
tial subjects that contribute to a comprehensive education
in Electrical Engineering, Electronics, Computer Science,
and related fields. These subjects equip students with the
necessary knowledge and curriculum to meet the demands
of the industry and institutions in areas such as intelligent
systems, Internet of Things (IoT), advanced engineering sys-
tems, artificial intelligence, embedded systems, and other
relevant disciplines.

In Spain, the coordination of engineering degrees, con-
tents, and subjects is governed by the Registry of Universities,
Centers, and Degrees (RUCT). This registry provides essen-
tial information on universities, including the registration of
new Bachelor’s, Master’s, and Doctorate degrees [33].
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TABLE 2. Shanghai ranking of academic subjets 2022. Computer
science & engineering. Spain [32].

Academic Subjects: Computer Science & Engineering
World University of Spain Qr’
101-150 University of Granada 51.3
201-300 Polytechnic University of Catalonia 46.3
301-400 Polytechnic University of Madrid 44.2
301-400 Polytechnic University of Valencia 42.7
301-400 Pompeu Fabra University 28.1
301-400 University of Jaen 26.6
301-400 University of the Basque Country 34.6
401-500 Autonomous University of Barcelona 26.9
401-500 Carlos III University of Madrid 37.1
401-500 Universidad Publica de Navarra 22.0
401-500 University of Malaga 33.6
401-500 University of Salamanca 23.6
401-500 University of Seville 35.0
401-500 UOC Universitat Oberta de Catalunya 18.5

According to the aforementioned information, it is crucial
to consider the essential subjects for comprehensive training
in Electrical Engineering, Electronics, Computer Science,
and related fields. This ensures that students acquire knowl-
edge and a curriculum that aligns with the business and
institutional requirements in areas such as intelligent systems,
Internet of Things (IoT), advanced engineering systems, arti-
ficial i ntelligence, e mbedded s ystems, a nd o ther relevant
disciplines. The coordination of engineering degrees, con-
tents, and subjects in Spain is regulated by the Registry of
Universities, Centers, and Degrees (RUCT), which provides
vital information on universities, including the registration of
new Bachelor’s, Master’s, and Doctorate degrees [33].

The Spanish Strategy for 2050, a report endorsed by
the European Union, proposes significant r eforms i n the
country’s education system to leverage the benefits of dig-
italization and demographic changes. These reforms aim to
transform the teaching profession, modernize the curriculum,
establish an effective evaluation system, and more [34].

Based on the reviewed literature and the parameters out-
lined, this research will analyze and provide insights on nine
universities in the region of Andalusia, Spain. The findings
are summarized in Table 3. Andalusia, located in southern
Europe on the Iberian Peninsula, borders the Atlantic Ocean
and the Mediterranean Sea. It is the largest region in Spain,
covering 87268 km2, with a population of over 8 million,
of which 25% have higher education. Figure 3 illustrates
the geographical location of Andalusia within Europe, while
Figure 4 provides an overview of the Andalusia region within
Spain.

The context of Andalusia can serve as a representative
model for other Spanish or international territories, consider-
ing similar population, social, and economic characteristics.
As depicted in Table 3, higher education studies in engi-
neering in Andalusian universities encompass various degree
programs, including single and double degrees. Some degrees

o B Austria
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Hungary

e Romania

Portigal

o

*

FIGURE 3. Situation of the region of andalusia in europe. UE 2023.

Andalucia

Jaén
Sevila r o /
Nmeria |

" Granada
1 A

! Malaga
¢ .

FIGURE 4. Andalusian provinces, spain. EU 2023.

are also offered internationally through collaborations with
other European universities. This research focuses on ana-
lyzing degrees in the areas of Electrical and Electronic
Engineering, Computer Engineering, Telecommunications
Engineering, and Industrial Engineering.

These disciplines were selected based on analysis from
multiple sources and technology strategy agencies such as
Gartner and others, which will be examined in the following
section [33]. These analyses identify the key strategic areas
for the future, not only for enhancing university education
but also for creating new professionalization channels and job
opportunities centered around technology [36], [37].

IIl. ANALYSIS OF ENGINEERING DEGREES IN
ANDALUSIAN UNIVERSITIES: ALIGNMENT WITH

FUTURE TRENDS AND STRATEGIC IMPROVEMENTS

This section provides a comprehensive analysis of research
conducted by Gartner and other sources, focusing on the
future challenges in higher engineering professions. The
research aims to enhance the labor market environment and
lay the foundations for the development of smart territories,
including Smart Cities, IoT, Artificial Intelligence, Embed-
ded Systems, 5G Technology, and more [35].

The collected data offers a broad and strategic perspective
that serves as a foundation for our proposed research. Firstly,
we evaluate the various undergraduate engineering degrees
offered in specific areas such as electricity, electronics, com-
puter science, telecommunications, and related fields. This
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TABLE 3. Undergraduate engineering studies in andalusian universities.

Number of
University Engineering Degree subjects Total
assessed
1 [Electrical 47
2 [Computer Science 46
3 [Industrial Electronic 25
, 4 [Telecommunication Technologies 25
('Eii) 5 [Telematics 24 264
6 DD’ Electrical and Mechanical 23
7 DD Industrial Electronic & Mechanical 25
8 DD’ Electrical & Industrial Electronics 21
9 DD* Telecommunication Technologies 28
10 [Electrical 29
Cordoba 11 Computer Science 43 136
(UCO) 12 |Industrial Electronic 32
13 DD’Energy & Mineral Res. & Electrical 32
14 [Electrical 27
15 [Computer Science 35
16 |Computer Science-Software 29
17 Computer Science-Computer 28
18 [Industrial Electronic 27
Sevilla (US) | 19 |Aerospace 56 480
20 [Industrial Technologies 121
21 [Telecommunication Technologies 70
22 [Energy 37
23 DD’ Electronic, Robotic & Mechatronics 28
24 DD Electrical & Industrial Electronics 22
25 [Electrical 21
26 (Computer Science 41
Huelva 27 [Industrial Electronic 23 180
(UHU) 28 [Energy 22
29 DD Electrical & Energy 36
30 DD’ Industrial Electronic & Mechanical 37
31 [Electrical 56
32 [Computer Science 46
33 [Industrial Electroni 48
. 34  |Aerospace 25
Cadiz : -
(UCA) 35 Indu.strlal Teck.mologles 58 360
36 [Radioelectronic 16
37 DD Electrical & Industrial Electronics 37
38 |DD” Industrial Electronic & Mechanical 39
39 DD" Computer Science and Mathematics 35
40 [Electrical 28
41 |Health 38
42 Computer Science 48
43 Software 36
44 [Computer 36
45 |Industrial Electronic 25
46 [Industrial Technologies 70
Malaga 47 [Telecommunication Systems 21 546
(UMA) 48  [Electronic Systems 21
49 Sound and Image 22
50 [Telecommunication Technologies 26
51 [Telematics 21
52 DD Electrical & Mechanical 36
53 |DD" Electrical & Industrial Electronics 34
54 DD’ Telecommunic.Tech.& Math. 24
55 |[DD* Computer Science and Mathematics 24
56 (Computer 76
57 (Computer Engineering (Ceuta) 22
Granada 58 [Industrial Electronic 28
(UGR) 59 [Telecommunication Technologies 38 217
60 |[DD’ Computer & Business 30
61 DD’ Computer Eng. and Mathematics 23
62 [Electrical 25
Almeria 63 |Computer Science 35
(UAL) 64 |Industrial Electronic 23 108
65 |DD” Industrial Electronics & Industrial 25
P. Olavide 66 |Computer Eng. in Information Systems 18 18
* Double Degree (DD) Subjects Evaluated 2309

evaluation includes an analysis of the subjects and teach-
ing guides implemented during the 22-23 academic year.
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Additionally, we align these degrees by conducting a textual
analysis of their contents, drawing insights from forecasts and
trend reports provided by international agencies like Gartner
and others. This analysis enables us to develop a compre-
hensive work plan for improving and evolving engineering
studies in Andalusian universities (Spain). Finally, we present
a comparative analysis and provide recommendations based
on the findings.

Our review also explores the studies and strategic trends
that drive the improvement and adaptation of university
degrees in Andalusian universities. By examining these
trends, we aim to contribute to the enhancement of university
degrees not only in Andalusia but also in other Spanish and
European universities [33].

It is worth noting that university education undergoes min-
imal changes in terms of the teaching contents provided to
students. While there are yearly revisions, extensive modifi-
cations are limited, mostly focusing on minor formal aspects.
However, the continuous strategic and technological changes
in the field necessitate effective improvements that have an
urgent impact on territories.

Therefore, higher education in engineering, particularly
in electrical, electronic, computer, and telecommunications
fields, plays a vital role in meeting these challenges and
driving progress.

We are witnessing significant changes in European territo-
ries, particularly in the community of Andalusia, which is the
focus of our research. These changes include:

1) Demographic changes: The population pyramid poses a
major challenge for some young universities, such as Jaén or
Almeria. These institutions must adapt, leverage their advan-
tages, and reorganize their academic curriculum to seize
opportunities for growth and innovation [38], [39].

2) Changes in workforce demands: The rapid growth of
technology, Al, and intelligent systems in various industries
and sectors is a paradigm that continues to expand. Engineer-
ing teaching guides need to be resilient and adaptable to these
changes [40], [41].

3) Changes in the value and perception of degrees: Higher
engineering studies hold significant value in the indus-
trial and employment sectors. They are highly sought after
and crucial. We must leverage this value within univer-
sities and engineering schools to promote the enhance-
ment of content and its alignment with the evolving
environment [41], [42].

4) Financial support in universities: It is imperative to
explore funding options and strengthen existing sources
through innovation and changes in engineering degrees, con-
sidering their content and strengths. Continuous adaptation,
resilience, flexibility, improved quality, and providing stu-
dents with a path to success are essential factors [43], [44].

Within Gartner’s cycle of strategic reports on Higher Edu-
cation, we have identified several reports that will serve
as the foundation for our research. Specifically, we will
focus on the field of intelligent systems engineering to high-
light insights that can enhance engineering education in the
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analyzed universities and potentially align with other interna-
tional institutions.

Gartner’s report presents four plausible scenarios of edu-
cational trends for 2030, driven by two main axes. These
quadrants revolve around Axis 1, which focuses on types
of educational accreditation (Figure 6), and Axis 2, which
emphasizes the role of Al (Figure 7). These driving axes have
been adapted to the context of higher education in intelligent
systems engineering.

Disruptive
Scholar Your Own
Formal Informal

Classic Jobs

Sustaining

FIGURE 5. Plausible scenarios in higher education 2030. Gartner [35].

Formal Higher Engineering Education
 Official Degrees: Undergraduate and Master
« Official Diplomas Undergraduate and Postgraduate
« Institutions Accredited by Government Agencies
* Learning in Teaching Guides

< CREDENTIAL TYPE >

FIGURE 6. The driving force 1 of engineering education 2030.

Informal Higher Engineering Education
* External industrial internships
* Technical volunteer projects
+ International training
« Lifelong learning

Continuing Higher Education in Engineering
+ Degrees change gradually

* Slow evolution of the curriculum

+ Small annual changes in teaching guides

* Restrictions on major educational changes

< IMPACT OF AT ON WORK >

FIGURE 7. The driving force 2 of engineering education 2030.

Disruptive Engineering Higher Education
* Flexible and annual adaptation of the training program
+ Bnhancement of digital competencies
« Recognition of technological industrial practices
+ Continuous learning

ploy Focused Engincering Educati
* Employment focused engineering education
projects with

Classical Engineering Education
* Accredited Universities
* Classical education, no major changes

Personalized Education
d and engineering ed
* Comprehensive development of advanced programs

New Engineering Education
« Training by technology providers
* Resilient and Flexible to Societal Changes

FIGURE 8. Plausible scenarios for higher education in engineering
in 2030 [33].

Furthermore, the Gartner report presents four plausible
scenarios for Higher Education in Engineering (Figure 5),
each proposing training strategies that focus on different
areas while maintaining interconnectedness. These four edu-
cational ecosystems, as suggested by the Gartner report, are
specifically tailored to Higher Education in Engineering and
are depicted in Figure 8.

In this analytical context, the subsequent section aims to
examine the educational curriculum of universities in the

region of Andalusia, Spain. The objective is to assess the
alignment of engineering degrees in fields such as electric-
ity, electronics, computer science, telecommunications, and
other related areas with the projected scenarios outlined in
the reports and analyses conducted by Gartner and other
reviewed sources.

IV. TEXTUAL ANALYSIS OF ENGINEERING DEGREES:
INCORPORATION OF INTELLIGENT SYSTEMS AND
TECHNOLOGIES IN UNIVERSITIES STUDIOS

In the previous section, we conducted an evaluation of various
reports and trend analyses that outline the desired state of
higher education by 2030. Our focus was on four distinct
areas or quadrants, which vary depending on the institution
or university of choice. To validate these studies, we selected
Andalusian universities and conducted a textual analysis to
determine if undergraduate degree programs include training
in IoT intelligent systems, Smart Grids, Al, and other related
subjects.

Intelligent systems and innovative technologies aim to
bring about social and economic innovation while improving
environmental aspects and energy efficiency. These systems,
including fields like electrical and electronic engineer-
ing, computer science, and telecommunications engineering,
empower individuals and the environment, promoting a sus-
tainable and dynamic lifestyle.

As engineering professionals, our goal is to incorporate
smart systems and devices in a resilient and flexible manner,
driving new paradigms in the 21st century [45].

The transformations brought by these technologies should
yield industrial, academic, and social improvements, enhanc-
ing the quality of life and the environment in different regions.
Engineering education in higher institutions is crucial in pro-
viding a promising future for our technologically advanced
society [46], [47], [48].

Urgent transition and transformation in engineering educa-
tional systems is necessary to avoid falling behind in student
training. With demands from companies, technology indus-
tries, and society at large for qualified personnel in innovative
areas, it is essential to offer new educational techniques
aligned with societal needs and sustainability [46], [47], [48],
[49], [50], [51].

Table 4 displays the acronyms of the analyzed Andalusian
universities along with their corresponding table numbers for
data extraction. In each university, we conducted a search for
texts, words, or phrases related to intelligent systems. These
texts were analyzed in the teaching guides of the Engineering
Schools’ degree programs within the respective universities.

The selection of words and phrases was based on the pre-
vious analyses, including Gartner reports and other sources
highlighting innovative technological subjects or disciplines
essential to engineering studies (Table 5).

We presents an analysis of the texts and titles found in the
academic programs of various fields such as electrical engi-
neering, electronics, computer science, telecommunications,
automation, and robotics (Table 3).
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TABLE 4. Andalusian universities analyzed 2023.

TABLE 6. Textual analysis of the syllabi of the evaluated degrees.
University of jaén.

Number of Number of
University Acronym degrees subjects Table N° Keywords evaluated
evaluated evaluated -
Jaén UJA 9 264 Table VI 2 | .| Blo 2 =
Cordoba Uco 4 136 Table VII £ & £ 8% g | £ e = =
Engineering D o | © 5 — H
Sevilla Us 11 480 Table VIII gheerimeDeree) Sl | @22 2| 22|92 = |§| <
Huelva UHU 6 180 Table IX g | £ g 2 @ | g [ =
Cédiz UCA 9 360 Table X - 2 >
Mailaga UMA 16 546 Table XI i
Granada UGR 6 217 Table XII glccmctal 6 —— 2 —— 1; ;gil’g
v omputer .
Almeria UAL 4 108 Table XIII Industrial Electronic 1 1 3 7] 10.94
P. Olavide UPO 1 18 Table XIV Telecommunication
Total 66 2309 Technologies 1 1 2| 313
Telematics 10 5 15| 23.44
. - el | i o
TABLE 5. Items in the textual analysis of subjects. = .
DD in Industrial
Electronic & 5 5/ 7.81
Mechanical
Textual analysis Reinforcement sources DD" in Electrical &
1 Smart Grid/s [52] Industrial Electronics ! 2 3 460
2 Smart City/ ies [18] DD"in o
— S Telecommunication
3 Smart Systems [53] Technologies & ! 1) 156
4 | Intelligent Networks [54] Telematics
5 Internet of Things (IoT) [35] Total| 11 | 1 | 2 | 0 | 18 | 20 | 5 | 0 | 1 | 6 |64
6 Sensors [55] % Total| 17.19 [ 1.56 | 3.13 | 0.0 | 28.13 | 31.25[7.81| 0.0 | 1.56 | 9.38
= *
7 Energy Internet [56] Double Degree (DD)
8 5G [41], [57]
9 : Embedded System 58 . .
10 Artificial Intleigence (AD : {59} TABLE 7. Textual analysis of the syllabi of the evaluated degrees.

These analyses provide a summary and snapshot of the
modules that are considered crucial for the evolution and
perspectives in the field of Intelligent Systems, 10T, sensors,
and other investigated items [60].

Our evaluation primarily focused on the advanced courses,
specifically the third, fourth, and fifth years, as these are
where the specialized subjects of each discipline are dis-
tributed. After reviewing the data, a textual correspondence
analysis will be conducted to provide a clearer graphical
representation of the situation (Figure 8). The data obtained
from each of the nine evaluated university institutions are
presented in tabular format for better visualization and review
of the quantitative data.

These tables also indicate the frequency of correspondence
for the searched intelligent systems texts through data analy-
sis in each of the subjects or teaching guides analyzed.

The data obtained from each of the nine evaluated uni-
versities are shown in tables to better see and review the
quantitative data. These tables also indicate the frequency of
correspondence for the searched keywords related to intelli-
gent systems through data analysis in each of the analyzed
syllabi.

Quantitative text analysis employs various extraction
methods to provide statistical data and evaluate concepts,
parameters, etc. [61]. In this case, we will use textual analysis
to identify words, phrases, and texts present in the Teaching
Guides of the evaluated degree subjects. The analysis will
be based on structured data, specifically predefined words
(Table 5).

As mentioned earlier, the research evaluated 66 academic
degrees in the field of engineering at 9 Andalusian uni-
versities. A total of 2309 Teaching Guides were analyzed,
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university of cordoba.

Keywords eval d
@ k]
:5 z ‘E’ 2 » g T =
. . = | B2 ] _

Engineering 5|0 3 E" I 5 E|lo b E — E £
Degree ¢ | B2 Ez 2 z SIR| 2% « S =

S| gl (28 ~ 2 & RS = N

E| E| S |EZ @ 5 5 S

@w | 97| E ]

@n =
Electrical 6 22.23
Computer 1 2 1 s 9 3333
Science
Industna} 1 7 4 12| 44.44
Electronic
DD" in Energy
Mineral
Resources &
Electrical
Total 1 1 15 5 5 27
% Total| 0.0 | 0.0 [3.70| 0.0 |3.70| 55.56 | 0.0 | 0.0 | 18.52 | 18.52

* Double Degree (DD)

along with 10 items/texts and sentences in both Spanish and
English, within the subjects under analysis.

Tables 15 and 16 provide a summary of the obtained data,
which can be visualized in a network format to illustrate the
relationships between the extracted data/items.

The evaluated words and texts from various titles and
subjects are grouped and dispersed based on their fre-
quency of occurrence. Different degrees, universities, and
subjects/teaching guides are grouped together.

In Table 15, the different undergraduate and double degree
programs are categorized into five major areas to provide an
overview of the results:

1) Electrical and Electronic Engineering Area (EEE):
Includes all degrees and double degrees in Electri-
cal Engineering, Industrial Electronic Engineering, and
combinations of both specialties.

2) Computer Engineering and Computer Science Area
(CS): Encompasses all degrees and double degrees in
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TABLE 8. Textual analysis of the syllabi of the evaluated degrees.
university of sevilla.

TABLE 10. Textual analysis of the syllabi of the evaluated degrees.
University of cadiz.

Keywords d Keywords evaluated
@ ]
2le| B |gg . | E ] - . z g
i i = = - = -
Engineering [ 2 |85 = H ] o SE| . = 2 Engineering 2 £l 2|2 e | B E =
Degree c|lg| @ £ :=2| 2 2| R |28|=2|3]| € D 5 |02 %8 | 5|2 =E 3 £
s | 8 £t |83 2 =3 ERAS = ° egree et c|z|=Eg B 2| =922 = < 2
g g s =7 @n = S =1 S| 2I5g = S | 0|2 2 I
a4 & |7 2 = g | E 5|2 a | ¥ g & S
@ = & @ g |= g =
2 =
Electrical 0 0.00
Electrical 3 7 13 9.56
g".‘“"“‘e' 2 2| 488 Com et
clence P! 3 0] 2 16 |5 36| 2647
Computer Science
Science- 1 1 2.44 Industrial
Software Electronic 3 ! 12 2 7 25 18.38
Computer Aerospace 8 8 5.88
Science- Industrial
Computer ! ! 2 4.88 Technologies 8 ! ! 10 7.35
Technologies Radioelectronic 8 8 5.88
Industrial DD’ in Electrical
Electronic 7 7 1707 & Industrial 2 1 1 8 1 2 15 11.03
Aecrospace 3 3 7.32 Electronics
Industrial DD" in Industrial
Technologies ! 4 5| 1219 Electronic & 2 2 4 2.94
Telecommunica Mechanical
tion 2 8 10| 2439 DD" in
Technologies Computer
Energy' 0 0.00 Science & 3 1 13 17) 1251
DD" in Mathematics
Electronic, 6 P 8| 19.51 Total| 7 4 6 0 |13 | 55 4 10129 18 136
Robolics& - % Total| 5.15 |2.94 [4.41] 0.0 | 9.56 [40.44(2.94| 0.0 |21.32|13.24
Mechatronics' * Double Degree (DD)
DD* in
Elecmc.al & 3 3 732
Industrial . .
Electronics TABLE 11. Textual analysis of the syllabi of the evaluated degrees.
DD* in University of malaga.
Industrial
Electronic & 0 0.00
Mechanical Keywords evaluated
Total| 0 3 2 0 0 34 0 0 2 0 | 41
% Total| 0.0 |7.32| 4.88 | 0.0 | 0.0 | 82.93 | 0.0 | 0.0 | 4.88 | 0.0 « z K]
* Double Degree (DD) 2l 2|5 2 - §=; k= =
Lo = | £ 8
Engineering 5|0 3 gb Ee 5 £ o =t § - | ‘2
Degree vl E |2 |5z = H] = b 2% | < | 3 =
= v |25 = S 2 2 > =
g E| 5|22 @\ =4 5 @ X
- - w - o
TABLE 9. Textual analysis of the syllabi of the evaluated degrees. @ s 5
University of huelva.
Electrical 2 2 0.98
Health! 19 3 22| 10.78
Keywords evall d Computer Science | 3 4 4 11 5.39
Software 2 5 14 21| 10.29
" E ‘g Computer 3 3 4 1 11 5.39
. . 2| E s |z = i = Industrial
Engineering 5 S % aé); . £ é’ o § E| _ 3 g Electronic 5 1 6| 294
Degree | 5 £ 158 = £ | v | 22| < |3 = Industrial
5 £ B8 3 | & g Bl e ) 38 38| 18.63
g VE) g Ez 5 5 B Technologies
@ = Telecommunicat.
«n =
Systoms 1 1 1 1 4 1.96
Electrical 1 1 135 Slect;omg?ystems 3 113 : 18 - 32 lgg;
Computcr ound and Image &
. 1 6 3 1 . i
Science ° 11] 1486 Telecommunicat. 1] 2 3| 16 2| 1078
Industrial Technologies
Electronic 17 1 6 24| 3243 Telematics 3 2 2 7 343
Energy 3 1 1 5| 676 DD in Electrical 1 1] 049
o & Mechanical
DD" in DD’ in Electrical
E]ectnca] & 3 2 1 6 8.11 & Industrial 3 1 4 1.96
nefgy Electronics
DD"in DD*
Industrial :
N 17 1 9 27| 36.49 Telecommunicat.
Elcctromc & Technologies & 1 14 15 7.35
Mechanical Mathematics
Total| 6 [ 0 | 1 | 0|0 4 |20 20 [ 1] 74 DD in Computer
% Total [8.11] 0.0 | 1.35 | 0.0 | 0.0 | 59.46 |2.70| 0.0 | 27.03 | 1.35 Science & 1 1l 049
* Double Degree (DD) Mathematics
Total| 6 0 2 0 8 99 0 13 68 8 204
% Total | 2.94] 0.0 [0.98| 0.0 |3.92| 48.53 | 0.0 | 6.37 | 33.33 |3.92

Computer Science, Computer Engineering, and Soft-
ware Engineering.

3) Telecommunication and Telematics Engineering Area
(TTE): Includes all degrees and double degrees
in Telecommunications, Telematics, Radioelectronics,
Sound and Image, and related areas.

4) Health Engineering (HE): Includes all degrees and dou-
ble degrees in this field.

* Double Degree (DD)

5) Aerospace Engineering (AE): Includes degrees and

double degrees in this area.

In Table 15, we observe that the field of Electrical and
Electronic Engineering exhibits the highest overall corre-
spondence, accounting for 50.66% of the analysis. It is
followed by Computer Engineering and related areas with

108975



A. Verdejo Espinosa et al.: Engineering and Technology Education in University Studies

TABLE 12. Textual analysis of the syllabi of the evaluated degrees.
University of granada.

TABLE 15. Results by specialization areas.

DD’ in Computer
& Mathematics ! 6 7| 660
Total| 2 1 9 0 14 44 1 1 14 20 106
% Total | 1.89 |0.94 |8.49| 0.0 [13.21| 41.51 |0.94]0.94| 13.21 | 18.87
* Double Degree (DD)

TABLE 13. Textual analysis of the syllabi of the evaluated degrees.
University of almeria.

Keywords eval d
@ ]
2| 2| E |y £ =
Engineering 5 5 ‘qmi §n—;‘5 - 2 £ é g | = !
Degree 3|45 2| 2 |Z|R|EE= & <
EE|E|E2 g | B ES =
G| @ (E - g =
=
Electrical 4 1 1 6 12| 41.38
Computer Science 1 2 3| 10.34
Industrial 1 2 | 4 7| 2414
Electronic
DD’ in Industrial
Electronics &
Industrial ! 2 4 7 2414
Automation
Total| 6 0 1 0 6 14 0 0 0 2 29
% Total [20.69| 0.0 |3.45| 0.0 | 20.69 | 48.27 | 0.0 | 0.0 | 0.0 |6.90

* Double Degree (DD)

TABLE 14. Textual analysis of the syllabi of the evaluated degrees.
University of pablo de olavide.

Keywords eval d
@2 g
@ g £
=R = 5 T -
Engineering 5| © ‘:.i a 'f: - £ 3‘-; é = g
Degree e SIEEl2 2 2| R|B1=|8|¢&
= E R 3| B E Hl e
£ S |2z 5 = M
@| 9| E ]
@ =
Computer in
Information 0/0.00
Systems
Total 0 | 0 | 0 0 |0 0 O] 0 O] O 0
% Total|{0.0| 0.0 | 0.0 | 0.0 [0.0] 0.0 [0.0] 0.0 [0.0] 0.0 |0.00

28.34%, Telecommunications and Telematics Engineering
with 16.15%, Health Engineering with 3.23%, and Aerospace
Engineering with 1.62%. Figures 7 and 8 provide a clearer
representation of these data.

Furthermore, Table 15 presents the values and percent-
ages obtained in the textual analysis, revealing that the
most frequent terms are Sensors (47.72%), Embedded Sys-
tems (20.41%), IoT (8.81%), Al (8.81%), Smart Grids
(5.58%), Smart Systems (3.52%), 5G (2.06%), Energy Inter-
net (1.76%), and Smart City (1.32%).
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2 - ]
Keywords evaluated . 2 F] g 2
2| &| 5|28 = 2. -
g E] Lo S0 8|2 4 2 7 - =
Ll | Ele., £ = Engineering Areas| O | 7 | > |Z | = E] = <) = - | 8 S
. . = = R @ 3 > - - T N | - ) 2 3 o <« 2 =
Engineering = 2|8 4 2 < E - 5} Evaluated Sl s| e g~ S =] ] =
5 [} 218 = -] = 25 = £ £ 1= ) &6 =1 X
Degree t | E|2IEZ = z | Z|R|2E| = 3| = sl & 8|2 “ g 2 °
E|l 5| |2 = 5 Bl 22 = N s | 2| EE = <
g E| 3|22 7] 20 E @ N3 % |2 3 E
@ | 2| E T 2 = = =
] =
Electrical &
Somputcr - 3 1 124 9 7 3; 32.03 Electronic (EEE) 327 |7 (021 207 |12 0 58 1 | 345 50.66
omputer (Ceuta 1.8 Computer Science
: 6 0 151019 48 0 8 45 52 | 193| 28.34
Industrial 5 115 9 14 1 2 1 35| 33.02 (CS)
Electronic Telecc ication
Telecommunication 1 4 12 1 3 21| 19.81 & Telematics 0220|200 40 0 6 36 4 | 110 16.15
Technologies (TTE)
DD" in Computer —
& B Health Engineering 19 3 2| 323
DI 1 6 7| 6.60 (HE)
Administration and ‘Aerospace
< 11 1 162

Engineering (AE)
Total| 38 | 9 |24 |0 |60 | 325 | 12 14 139 | 60 | 681
% Total |5.581.32|3.52/0.0/8.81| 47.72 |1.76 | 2.06 | 20.41 [8.81

mElectrical & Electronic (EEE) Computer Science (CS)

= Telecommunication & Telematics (TTE) ® Health Engineering (HE)

Aerospace Engineering (AE)

FIGURE 9. Comparison of engineering families and textual analysis.

Table 16 summarizes the data extracted from the tex-
tual analysis and compares them across different institutions
and degree programs. Another analysis and comparison are
conducted, this time focusing on institutions and the com-
puted values from the textual analysis of intelligent systems.
Figures 9 and 10 graphically depict the obtained data. It is
worth noting that two universities stand out with higher per-
centages: Malaga, Cadiz, and Granada, followed by Seville,
Jaen, Almeria, and Cordoba.

Table 16 shows a list of data that are subsequently summa-
rized in Table 17. In addition, the figures and graphs 9, 10,
11 and 12 extracted from these data offer a clearer view of
the percentages and ranking of each institution and each item
evaluated.

It is clearly observed that the item Sensors is the word that
appears most frequently in the subjects analyzed, with a large
percentage over the others. The University of Malaga leads
the ranking, but it should be noted that the number of subjects
of this institution is higher than the rest.

V. DISCUSSION AND FUTURE TRENDS

The objective of this research was to evaluate the primary
undergraduate degrees in technological areas at 9 Andalusian
universities, comprising a total of 66 degrees and 2309 sub-
jects/teaching guides. The focus of the evaluation was on
conducting a textual analysis of 10 specific items/words
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TABLE 16. Results obtained in the extraction of data in universities and degrees.

z - @ ] » - T

_ I £ ° EE| 8% & s | B2 |, | 2B - | 3

University Engineering Degree £k = R =z 2 2 23 b3 22 < S

s 2 | 25| £3 & | AE ES 8

77} - =
Electrical 6 1 2 9
Computer Science 6 5 1 6 18
Industrial Electronic 1 1 2 3 7
Telecommunication Technologies 1 1 2
Jaén (UJA) Telematics 10 5 15
DD" Electrical and Mechanical 4 4
DD" Industrial Electronic & Mechanical 5 5
DD’ Electrical & Industrial Electronics 1 2 3
DD’ Telecommunicat. Tech. & Telematic 1 1
Electrical 6 6
Cordoba Computer Science 1 2 1 5 9
(UCO) Industrial Electronic 1 7 4 12
DD Energy, Mineral Resources & Electrical 0
Electrical 0
Computer Science 2 2
Computer Science-Software 1 1
Computer Science-Computer Technologies 1 1 2
Industrial Electronic 7 7
X Acrospace 3 3
Seville (US) Industrial Technologies 1 4 5
Telecommunication Technologies 2 8 10
Energy 0
DD Electronic, Robotics & Mechatronics 6 2 8
DD" Electrical & Industrial Electronics 3 3
Electrical 0
Computer Science 1 1
Industrial Electronic 1 6 3 1 11
Huelva Energy 17 1 6 24
(UHU) DD" Electrical & Energy 3 1 1 5
DD’ Industrial Electronic & Mechanical 3 2 1 6
Electrical 17 1 9 27
Computer Science 3 7 3 13
Industrial Electroni 3 10 2 16 5 36
Aerospace 3 1 12 2 7 25
Industrial Technologies 8 8
Cadiz Radioelectronic 8 1 1 10
(UCA) + - - -
DD” Electrical & Industrial Electronics 8 8
DD" Industrial Electronic & Mechanical 2 1 1 8 1 2 15
DD" Computer Science and Mathematics 2 2 4
Electrical 3 1 13 17
Health 2 2
Computer Science 19 3 22
Software 3 4 4 11
Computer 2 5 14 21
Industrial Electronic 3 3 4 1 11
Industrial Technologies 5 1 6
Telecommunication Systems 38 38
Malaga Electronic Systems 1 1 1 1 4
(UMA) Sound and Image 3 13 18 34
Telecommunication Technologies 1 1 3 5
Telematics 1 2 3 16 22
DD" in Electrical & Mechanical 3 2 2 7
DD" in Electrical & Industrial Electronics 1 1
DD Telecommunic. Technolog. & Mathem. 3 1 4
DD’ in Computer Science and Mathematics 1 14 15
Computer Engineering 1 1
Computer Engineering (Ceuta) 3 1 14 9 7 34
Industrial Electronic 2 2
Granada Telecommunication Technologies 2 1 5 9 14 1 2 1 35
(UGR) DD*Computer Business Administration and Management 1 4 12 1 3 21
DD* Computer Eng. and Mathematics 1 6 7
Electrical 1 6 7
Computer Science 4 1 1 6 12
Almeria Industrial Electronic 1 2 3
(UAL) DD’Indust.Electronics & Indust.Automation 1 2 4 7
Computer Eng. in Information Systems 1 2 4 7
UPO Electrical 0
Total © 54 9 24 0 60 325 12 14 139 © 60 681
DD": Double degree Y% Total | 558 | 132 | 352 | 000 | 881 (4772 176 | 2.06 | 2041 | 881 |
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TABLE 17. DAta analysis by institutions.

£ - g
gz § ¢ £ Z =
5 O % > 14 2 it = £
University % c | & 7|5 2 = I ki = = £
| E| 5|8 & |8 k- e
] @ g E 3 2
- % |3 g £
B =
Jaén [T 2 018 ¢ 20 5 0 I 6 64 940
Cordoba 1 1 15 5 5 27 396
Sevilla 0 3 2 100 34 0 0 2 0 41 6,02
Huelva 6 1 44 2 20 1 74 10,87
Cadiz 7 4 6 13 | 55 4 29 © 18 | 136 19,97
Milaga 6 2 B 99 13 © 68 204 29,96
Granada 2 1 9 14 © 44 1 | 14 20 | 106 1557
Almeria 6 1 [ 14 2 29 4,26
P. Olavide 0 0,00
Total 38 [ 9 [ 24 J o[ 60 [ 325 [ 12 [ 14 [ 139 [ 60
% Total 5.58 | 1.32 | 3.52 0.0 8.81 [ 47.72 [ 1.76 | 2.06 | 20.41 [ 8.81 |

= Electrical & Electronic (EEE) = Computer Science (CS)
= Telecommunication & Telematics (TTE) = Health Engineering (HE)

Aerospace Engineering (AE)

FIGURE 10. Data quantification in engineering families.
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FIGURE 11. Data by universities and textual analysis.

related to intelligent systems. The purpose was to extract data
regarding the presence and interest in content related to Smart
Grids (SG), Smart City (SC), Smart Systems (SS), Intelligent
Networks (IN), IoT Sensors (S), Energy Internet (EI), 5G,
Embedded Systems (ES), and Al technologies. The selection
of these textual items is based on the studies and analyses
conducted in sections III and IV, which incorporate insights
from Gartner reports on educational strategies for 2023 and
beyond in the higher education sector. [35], [36].

Figures 9 and 10 depict the relationship and alignment
percentages between the extracted data and the titles and
subjects of the evaluated university institutions. Within each
teaching program or subject, there are specific items, words,
and texts related to intelligent systems, which provide us with
a comprehensive understanding of the subjects being taught

108978

100
80
60
40 ——
—~——
20 Granada
Cadiz
0 Sevilla
ORI Jaé
S S QD & acn
6&\@%@ @ » @@\\ ARSI
Q.g\ o) )@)’(\ D&% %o&% N &
S S
SRS s> 8
Q}Q ) éé\ 6’\% Qb
NS >
& S
\& Q/é\‘oa
M Jaén mCordoba mSevilla ®Huelva mCadiz
Malaga ®Granada ®Almeria ®P.Olavide

FIGURE 12. Graph of data Universities and texts.

and the knowledge acquired by the students regarding these
topics. These figures serve to illustrate the overall represen-
tation of intelligent systems within the curriculum.

In our data search, we were unable to obtain a compre-
hensive and precise list of all the subjects taught. To achieve
a more detailed analysis, including paragraphs and specific
texts, a more complex search would be necessary. However,
we conducted an analysis of 10 items or texts related to
intelligent systems in 66 titles from 9 Spanish university
institutions. Through this analysis, we were able to identify
the main titles and subtitles of the contents taught, although
not all the details of each subject. Therefore, it is important to
note that we cannot analyze all the subjects in their entirety.

In the context of the Spanish university framework, partic-
ularly in the region of Andalusia which is the focus of our
analysis, the contents of teaching guides are modified based
on the European Higher Education Area (EHEA) and the Pro-
tocol for the evaluation of university degrees, in accordance
with the updated regulations as of March 2022 [62]. It is
worth mentioning that the process of modifying, adapting,
or changing the contents of teaching guides to incorporate
or enhance technological innovations involves a complex
procedure, governed by legal and regulatory criteria that can
sometimes be tedious and inflexible.

Despite this, we have overcome these limitations and offer
resilient content that address the societal challenges and
meet the needs of companies and the industrial environment,
we will be able to establish more relevant and suitable educa-
tional criteria for training in intelligent systems.

University education in the fields of engineering and
technology, focusing on areas such as electricity, elec-
tronics, computer science, and telecommunications, plays
a crucial role in addressing advancements in intelligent
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systems, sensors, [oT, Smart Grids, and more. To ensure
effective progress, it is essential to adapt the curricula in
higher education to be more agile, flexible, and resilient,
catering to industrial, social, economic, and other pertinent
needs.

The research conducted in this study, which involved
analyzing keywords, items, and concepts in undergradu-
ate engineering subjects, provides an initial overview of
how these degrees are structured, particularly in the field
of intelligent systems. Engineering, in all its disciplines,
holds immense importance in society. Gaining a quantitative
understanding of the current state of the subjects taught in
university programs is a valuable approach to comprehending
how engineering specializations are organized within aca-
demic institutions.

It is crucial for universities, their spheres of influence,
and the higher education landscape as a whole to prioritize
top-notch education that aligns with societal requirements
and the latest technological trends. Students must stay abreast
of the most innovative areas. Engineering curricula, subjects,
and teaching guides should incorporate topics such as Smart
Grids, Smart City, Smart Systems, Intelligent Networks, [oT,
sensors, Energy Internet, 5G/6G, Embedded Systems, and
Al Tt is imperative to establish a continuous and updated
correspondence between industry, society, and the training
content provided to engineering students in intelligent sys-
tems. This will enable them to contribute and collaborate
effectively in shaping the future of progress and environ-
mental transformation, encompassing economic, social, and
business dimensions.

To enhance the training plans and contents in intel-
ligent systems engineering, the following points are
proposed:

1) Establish a collaborative team comprising faculty and
university management that can swiftly and effectively
implement content changes in response to technolog-
ical, social, and business requirements on a quarterly
basis.

2) Foster university-industry-society collaboration to
address the demands of intelligent systems engineering
and adapt the subjects to the needs of the student body.

3) Provide continuous training for teaching staff through
engineering teams from the industrial and business
sectors, fostering synergy between academia and the
professional world.

4) Plan and resolve proposals, training initiatives, and
outcomes within a maximum timeframe of 6 months,
with at least 2 meetings per academic year.

5) Streamline administrative and regulatory processes that
hinder efficient resolution of content solutions and cur-
riculum adaptation, eliminating tedious protocols and
complex administrative systems.

Furthermore, it is crucial to ensure continuous improve-
ment and adaptation of intelligent systems terminology in
the teaching guides of technological engineering degrees
across all disciplines. This will facilitate the alignment of

educational content with the latest advancements and industry
practices.

VI. CONCLUSION

This research has focused on investigating both quantitative
and qualitative parameters to gather information about the
structure of subjects, teaching guides, and university degrees
related to intelligent systems. A total of 2309 subjects from
66 official engineering degrees across 9 Andalusian univer-
sities were analyzed. The disciplines examined encompass
various areas, including engineering, electrical engineer-
ing, electronics, computer science, industrial engineering,
telecommunications, and related fields. The results of the
analysis have revealed strong correspondence in terms of
words such as Sensors, IoT, Embedded Systems, Al, Smart
Grids, and Smart City. The field of Electrical Engineer-
ing, Electronics, and related disciplines exhibited the highest
correlation, followed by Computer Engineering and related
areas.

These findings will serve as a basis for strengthening and
revising the content within the evaluated disciplines, specif-
ically within the engineering subjects. The aim is to ensure
that graduates possess essential specialization in the areas
demanded by the industrial, business, and social sectors in
this decade.

The research hypotheses and questions have been analyzed
and answered. It has been identified that, based on the anal-
ysis of the 9 evaluated institutions and their teaching guides
through textual analysis and indicators, there is still work to
be done in terms of academic management. It is necessary to
plan teaching and educational strategies that promote learning
and content related to intelligent systems and applications.
This is crucial to meet the demands of the engineering indus-
try and business market that require this type of training.

Furthermore, the discussion and recommendations address
the possibility of changes and improvements within the
higher education system in the evaluated institutions. Pro-
posed plans and developments have been outlined to achieve
these improvements.

In terms of macro and micro changes in the educational
system that can facilitate the implementation strategies of
Smart Cities and Territories in a globalized world, based
on the 2030/2050 Agenda and the Sustainable Development
Goals (SDGs), proposals and developments have been put
forward. These primarily focus on enhancing training in
the field of intelligent systems, fostering multidisciplinary
approaches within engineering branches in universities. The
areas that require improvement and enhancement in terms
of curriculum and subject content include training in Sen-
sors, IoT, Smart Grids, Smart Cities, Al, and technological
adaptation to address climate change across all engineering
domains.
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