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Abstract: The COVID-19 pandemic caused a global health crisis that led to a sudden migration of
many educational activities to digital environments. This migration affected the digitization process
of higher education. This paper conducts a quantitative statistical analysis of the impact that the
COVID-19 pandemic had on the habits of use of information and communication technologies (ICT)
among 426 Latin American university professors in engineering areas. In particular, this impact
has been analyzed in terms of the digital generation of the participating professors. To achieve this,
the responses given by them on a validated questionnaire were examined for the purposes of this
research. As a result, the COVID-19 pandemic has led to an increase of up to 47% in the use of ICT
among engineering professors, but unevenly according to the different uses of these tools within the
teaching activity. In addition, in engineering areas, it seems that digital natives have increased their
use of ICT more than digital immigrants after the pandemic (between 8% and 20%, depending on
the type of digital tool in question). It is suggested that universities take measures for the digital
integration of older professors.

Keywords: pandemic; education; digital generation; information and communication technologies;
engineering; higher education

1. Introduction

The COVID-19 pandemic greatly affected the educational domain, among others,
and several schools and institutes had to initially close down and adjust to the norm of
distance education [1,2]. Students being able to continue their education was a significant
achievement, which was made feasible due to the efforts of all the involved stakeholders
and the adoption of new approaches and methods [3,4]. Having to rapidly adjust and
transition from face-to-face to online learning brought about several challenges as well
as new opportunities [4,5]. As this way of teaching was unplanned and imposed to
meet the new educational demands and continue the educational process, it was not
thoroughly designed to offer long-term and stable online learning experiences. Instead, it
was characterized as an emergency form of learning and teaching [5–7].

Nonetheless, distance and online education was gaining ground [8], as the adoption
and integration of digital technologies in educational activities enabled the realization of
online learning environments [9], which were essential throughout the pandemic in all
educational levels [10]. Due to advances in information and communication technologies
(ICT), these virtual learning environments provided ubiquitous learning opportunities,
offered access to educational material and resources, and enabled learners and teachers
to be connected to and engaged in teaching and learning activities, despite them being
in different places and time zones [11–13]. During the pandemic, ICTs became essential
cognitive learning tools [14] whose role was imperative in the educational process [15].
Therefore, it can be inferred that ICT and virtual learning environments played a vital role in
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supporting and enriching teaching and learning activities throughout the pandemic [16,17],
which justifies their increased use in K–12 education [18] and higher education settings [19],
even in the post COVID-19 era.

Despite the clear lack of adequate training in terms of technological skills, practical
knowledge of new technologies, and suitable pedagogical approaches [20], which was one
of the main limitations [21] that affected the educational process [22,23], this transition
resulted in members of the educational community cultivating their digital competences
and becoming more familiar with ICT [24–26]. Even though the development of digital
skills was expected under these circumstances, the factors that influenced the use of digital
technologies in the post-COVID-19 era are still to be explored. These factors can vary based
on different regions, countries, educational levels, subjects, and even individual charac-
teristics. For instance, more practical subjects and courses that required students’ active
involvement and hands-on experiences were affected to a larger degree in comparison to
more theoretical ones [18]. Due to their nature of requiring the cultivation of reasoning
skills and conducting laboratory experiments [27], higher education engineering courses
have been significantly affected by the adoption and integration of ICT both during and
after the COVID-19 pandemic [28]. As a result, several studies have explored how and to
what extent the COVID-19 pandemic has impacted engineering education and how it has
developed in the post-COVID-19 era [29–32]. Additionally, there has been an increased
interest in how such courses developed in regions such as Latin America [33,34], since
they maintained a blended learning approach [35] despite facing academic and social
challenges [36]. Several factors that influenced engineering education within the Latin
American region have been examined, such as the digital divide [37], access to appropriate
equipment and technologies [38], training and knowledge of ICT [39], the impact of knowl-
edge areas in ICT use [26], students’ engagement [40], learning resources and materials [41],
and digital stress [41,42].

Furthermore, one of the factors that has not been examined yet but could potentially
influence how digital technologies are being adopted and used in engineering education
in the post-COVID-19 era is an individual’s digital generation. The digital generation
is divided into digital immigrants and digital natives based on whether an individual
was born before the bloom of digital technologies or has grown up surrounded by and
exposed to them [43,44]. In the context of this study, Prensky’s original distinction was
used to differentiate between digital immigrants and digital natives, which renders 1980
as the year of birth to distinguish between the two groups [43,44]. Specifically, digital
immigrants cultivated their digital competences over the years by adopting and integrating
ICT into their daily lives and routines, while digital natives are tech-savvy and have a
natural aptitude for digital technologies due to their being surrounded by technology since
birth [43–46]. The individuals of the two digital generations are characterized by different
experiences, skills, and levels of proficiency in handling technological applications and
devices, which can affect their behavior toward, viewpoints of, and competences in using
technology in education [47–53]. This divergence can be the cause of various problems
in educational contexts, particularly in technology-enhanced learning environments [54].
Hence, it has been employed in several research studies as a means to distinguish between
generations and as an assessment factor [42].

Consequently, this study aims to evaluate how the COVID-19 pandemic impacted the
habits of using ICT among Latin American university professors in engineering education.
Particularly, this study follows a quantitative approach and uses a validated questionnaire
that focuses on the influence of the digital generation. This study will help address the prob-
lem of incorporating technical education teachers into the digitalization process of higher
education and identify factors that influence this process. This will help universities to take
measures and design appropriate training on digitalization. The participants’ responses
are examined through statistical analyses. Although there are different classifications of
ICT [55,56], to aid this study, the classification of ICT and learning management systems
(LMS) suggested by Garrote-Jurado et al. [57] is used, as it is the easiest for participants
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to comprehend due to its simplicity and the clear boundaries it sets between the different
categories of ICT. More specifically, ICT tools are separated into four categories that involve
the use of ICT tools as a means to: (i) interact through reactions and feedback and to present
content in a dynamic way which encourages students’ active involvement and collabora-
tion (e.g., discussion boards, etc.); (ii) communicate and disseminate information among
educational stakeholders by enabling bidirectional communication (e.g., emails, social
media, etc.); (iii) distribute and share learning content, material, and resources mostly from
teachers to students (e.g., online platforms, etc.); and (iv) administrate and evaluate courses
by monitoring and documenting the educational process (e.g., surveys, etc.) [33,53–55]. To
meet the aim of the study, the following research questions (RQs) were set to be explored:

• RQ1: Have Latin American engineering professors increased the frequency of ICT use
in their teaching activities after the COVID-19 pandemic?

• RQ2: Has this frequency variation, if any, occurred with the same intensity in the
different families of ICT tools, according to the different uses in the teaching activity?
(The classification of ICT tools by Garrote-Jurado et al. [55] is used).

• RQ3: Does the digital generation of engineering professors influence how the COVID-19
pandemic has caused the frequency of ICT use to vary?

Based on the above-mentioned questions, this article is structured as follows: in
Section 2, related studies are presented, and their results are highlighted and synthesized. In
Section 3, the main variables and hypotheses are showcased, details about the participants
and the data collection process are given, and the instrument and statistical analysis
methods used are described. In Section 4, the results of the study in terms of the participant
distribution and frequency of use of ICT tools are analyzed. In Section 5, the findings of this
study are discussed and related to those of the literature. Finally, in Section 6, the outcomes
of this study are summarized and highlighted.

2. Related Work

In this section, other related studies that focused on analyzing engineering profes-
sors’ perspectives regarding ICT use and tools during the pandemic are presented. The
specifications of the studies and their results are described. Particularly, engineering edu-
cation was significantly affected by the pandemic due to it requiring hands-on activities
and experiential learning. Hence, the role of ICT, digital competencies, and digital tools
as well as the factors that influenced their adoption and use were vital in the context of
engineering education. Throughout the pandemic, the educators’ roles remained crucial in
the educational process. As a result, several studies examined professors’ perspectives and
attitudes to determine how the COVID-19 pandemic impacted engineering education in
higher education and how it affected their use of ICT, digital tools, and digital competences.

Regarding the impact of the COVID-19 pandemic on engineering education, several
studies have provided overviews on the topic of online engineering education [30], the
challenges and opportunities that arose in engineering education [31], as well as the status
of online engineering before, during, and after the COVID-19 pandemic [28]. Other studies
explored the educational stakeholders’ perspectives. Asgari et al. [29] conducted an ob-
servational study involving 110 university professors and 627 higher education students
regarding engineering online education. Several general challenges were observed, such as
security and privacy issues, technical problems, and a lack of hands-on training. The study
highlighted the need for appropriate teaching approaches and methods to effectively inte-
grate experiential learning in online learning environments. Vergara-Rodriguez et al. [32]
examined higher education students’ perspectives on virtual learning environments and
virtual laboratories as well as educational trends in engineering education in the post-
COVID-19 era. Based on the results, the students highly valued face-to-face teaching and
actual laboratories, but also regarded highly and were favorable toward virtual laboratories.
The significance of hybrid environments to be developed and integrated into teaching and
learning is highlighted.
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As far as the cultivation of digital competencies is concerned, Jorge-Vázquez et al. [25]
focused on identifying the conditioning factors and the digital competency levels of uni-
versity faculty by examining 216 university professors. Most professors had or developed
an intermediate level of digital competencies, with younger professors showcasing more
advanced digital skills. The strategic leadership and technological resources of universities
played a vital role in the effective adoption and integration of ICT. The need to further
improve the digital skills of the faculty was highlighted. Antón-Sancho et al. [26] examined
the viewpoints of 716 higher education professors from different universities in Latin Amer-
ica regarding how the use of ICT can be affected by the subject and knowledge area. Their
results revealed that the use of ICT significantly increased for all education stakeholders,
but did so unevenly, which has rendered the teaching activities in the post-COVID-19 era
more heterogeneous. Additionally, professors from the social sciences and engineering
displayed a more drastic increase in the use of ICT.

Vergara-Rodriguez et al. [42] focused on identifying which variables most affected
professors’ abilities to adapt to using ICT and digital learning environments effectively. In
their study, they examined data from 908 university professors. Based on their findings, the
professors’ digital competencies and self-confidence in using ICT were positively correlated
with ICT adaptation. This effect was less impactful on digital natives. On the other hand,
the professors’ digital skills and stress were negatively correlated with their ability to adapt
their practices to digital environments. This effect was less impactful on digital immi-
grants. Additionally, differences were observed based on the professors’ area of knowledge
and gender. In another study, Vergara-Rodriguez et al. [36] explored how the COVID-19
pandemic influenced university professors’ use of ICT. Particularly, they analyzed the
responses of 116 university professors from different universities. Their results revealed
that throughout the pandemic, the university faculty digital competencies improved, and
their use of ICT increased. In addition, gender gaps in the ability to effectively use ICT
were greatly reduced, with female professors reporting a more significant improvement
and increase in the use of digital tools. In another recent study, Vergara et al. [57] focused
on the habits that characterize engineering professors when using ICT as a means of teach-
ing. More specifically, the perspectives of Latin American higher education engineering
professors were examined. Overall, a significant increase (40%) in the use of ICT in learning
and teaching activities was observed. Female engineering professors showcased a higher
increase in their ICT use in comparison with male engineering professors, and this fact
was more evident in private universities than in public ones. Due to the nature of the
engineering field and its pedagogical specificities, the need to further promote and improve
training for engineering professors was highlighted.

Antón-Sancho et al. [35] focused on how the COVID-19 pandemic influenced uni-
versity professors’ use of digital tools and ICT in the context of science and technology
education. More specifically, they examined the viewpoints of 340 university professors.
Their results revealed that although the professors did not receive adequate training,
through their own efforts, they managed to develop their digital skills, which were deemed
intermediate. This fact was particularly true for professors in sciences and health sciences.
The overall increase in faculty digital competencies helped reduce the digital divide among
professors of different genders and digital generations. Liesa-Orús et al. [16] investigated
345 university professors’ perspectives regarding the use of ICT tools to assist in the
development of 21st century skills and the technological barriers and challenges faced
by higher education professors. The benefits and potentials of ICT to improve learning
and students’ 21st century skills development were highlighted. A particular empha-
sis was put on students’ improved critical thinking, collaboration, and communication.
Núñez-Canal et al. [23] looked into the digital competencies that university professors
cultivated during the COVID-19 pandemic. More specifically, they examined the perspec-
tives of 251 university professors. Their results revealed a close relationship between the
professors’ digital skills and their influence on students’ learning. The professors’ attitudes
toward ICT in education, their prior knowledge and skills, and the training they received
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were key elements to the students’ learning process. Hence, digital competences arose as a
vital pedagogical aspect in the post COVID-19 era. In addition, they highlighted the need
for pedagogical changes and changes in university leadership and management.

Other studies such as Gómez-Poyato et al. [10] focused on higher education students’
viewpoints about whether the integration of ICT in education and the cultivation of digital
skills satisfactorily met their needs. A total of 309 students participated, who highlighted
the importance of further improving ICT training to develop both general digital compe-
tencies and job-specific skills. Furthermore, Guillén-Gámez et al. [22] compared 715 higher
education students’, graduates’, and professors’ attitudes toward digital technologies and
the use of ICT in education. Their results revealed that there was a significant difference be-
tween how the students and graduates viewed digital technologies and how the professors
did, with the students and graduates depicting a more positive attitude. Despite this fact,
no differences were observed in terms of the use and knowledge dimensions between the
professors and graduates.

3. Materials and Methods

This section goes over the methods adopted and materials used in this study. More
specifically, the main variables and hypotheses are presented, and the participants and
data collection process are described. The details about instrument used and the statistical
analyses implemented are also provided.

3.1. Variables

In this subsection, the main variables examined using the research instrument used
are presented. The explanatory variable considered in this study is the digital generation
of the participants (dichotomous variable, with possible values of digital native or digital
immigrant). The explained variables are the frequencies of use of the different ICT families
(interaction, communication, distribution, and evaluation) in engineering education. The
explained variables are quantitative, measured on a Likert scale from 1 to 5, where 1 is a
null frequency, 2 is infrequent, 3 is an intermediate frequency, 4 is frequently, and 5 is very
frequently. The variations in the frequencies of use of the different families of ICT tools after
the pandemic were measured by calculating the rate of variation based on the participants’
responses to questions about their frequency of use before and after the pandemic.

3.2. Hypotheses

The null hypotheses explored to meet the study aim are showcased in this subsection.
In particular, to meet the aim of this study, the following null hypotheses are examined:

• H01: There has been no significant variation in the frequency of use of the different
families of ICT teaching tools after the COVID-19 pandemic in engineering education
among the participants.

• H02: The digital generation of the participating engineering professors does not signifi-
cantly influence the variation that the COVID-19 pandemic has caused in the frequency
of use of the different families of ICT teaching tools.

3.3. Participants and Data Collection

This subsection goes over the details of the participants and presents the data col-
lection process in detail. The participants were selected by means of a non-probabilistic
convenience sampling process. Specifically, the target population consisted of registered
attendees to a training course given by the authors on the didactic use of ICT in engineering
education. This training consisted of a single theoretical session, repeated every two weeks
between January and June 2023, whose objective was to present the didactic applicabil-
ity of ICT in engineering education; the classification of ICT according to the different
teaching uses: (i) interaction, (ii) communication, (iii) distribution of didactic content, and
(iv) evaluation of learning and course administration; and to present some examples of
ICT tools from each of the above families. The criteria for inclusion in the study were:
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(i) being a university professor of engineering degrees at a university in Latin America and
the Caribbean, and (ii) having attended the training session on the didactic use of ICT in
engineering education given by the authors.

The online questionnaire used as a research instrument was created using Google
FormsTM v.1.2.8 and was sent to the attendees of the training session by email. Of the
512 attendees, 462 professors responded to the questionnaire. All the responses received
were validated, in the sense that they were complete. The conceptualization exercise carried
out during the training session allowed us to assume that the participants had sufficient
and homogeneous knowledge about the didactic use of ICT in the various dimensions of
engineering education. Participation was voluntary, free, anonymous, and informed.

3.4. Instrument

The research instrument used in the context of this study is described in this subsection.
The research instrument is a four-item questionnaire. Each item involves the frequency
of use of each of the families of ICT tools used in engineering education: (i) interaction,
(ii) communication, (iii) content sharing, and (iv) course evaluation and administration.
Each item is a twofold question, in the sense that the frequency of use of the corresponding
ICT tool family before the COVID-19 pandemic and after is requested. All of these frequen-
cies have been measured on a Likert scale from 1 to 5, where the value of 1 corresponds
to the lowest frequency (null) and the value of 5 to the highest (very frequently). The
instrument has been validated for its construct and also for its reliability [58].

3.5. Statistical Analysis

This subsection goes over the statistical analysis methods used to examine the factors
related to the engineering professors’ perspectives regarding ICT use and tools. The present
research is quantitative and is based on an analysis of the frequencies of ICT use before and
after the COVID-19 pandemic expressed by the participants. The t-test for comparison of
means with Welch’s correction (without assuming equality of variances) was used to test
whether there has been a significant variation in the frequency of ICT use after the pandemic
compared to before the pandemic for each family of ICT tools (hypothesis H01). This test
allows us to decide, with statistical significance, whether there is a real difference between
the mean responses given by the two populations under analysis (digital immigrants and
digital natives). In addition, a multifactor analysis of variance (MANOVA) was used to test
whether the post-pandemic variations in the frequency of ICT use were similar or different
according to the digital generation of the engineering professors (hypothesis H02). This test
measures whether the variation in the frequencies of ICT use after the pandemic behaves
significantly differently in digital natives and digital immigrants or, on the contrary, in an
analogous way. In all the statistical tests, 0.05 was used as the level of significance. This
means that the existence of significant differences in each of the situations analyzed is
conditional on the corresponding statistical test yielding a p-value of less than 0.05.

4. Results

In this section, the results of this study are presented and analyzed, and the hypotheses
are examined. In particular, the participant distribution in terms of gender, university type,
digital generation, and country are explored. The results regarding the frequency of use of
ICT tools and the different families of ICT tools are also presented and described.

4.1. Distribution of Participants

The participants’ distribution is presented in this subsection. More specifically, their
gender and country are examined, and the type of university in which they teach as well as
their digital generation are explored.

A total of 462 engineering professors (300 males and 162 females) participated in the
study. The gender distribution is not homogeneous (chi-square = 41.22, p-value < 0.0001).
The gender gaps in the participants’ valuations were not analyzed precisely because of this
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lack of homogeneity in the distribution. A total of 51.95% of the professors taught in private
universities and 48.05% taught in public universities. The distribution of the participants in
private and public universities was homogeneous (chi-square = 0.70, p-value = 0.40). The
distribution of the participants according to their digital generation (49.37% digital immi-
grants and 50.65% digital natives) was homogeneous (chi-square = 0.08, p-value = 0.78),
which reinforces that there was no bias in the comparative analysis of the participants’
responses based on their digital generation. Among the participants, there was represen-
tation from 10 countries in the Latin American and Caribbean regions (Table 1). There
needs to be more homogeneity in the distribution of the participants by country of origin
(chi-square = 1409.10, p-value < 0.0001), which makes it difficult to perform a comparative
analysis of the responses by country.

Table 1. Distribution of participants by country and digital generation.

Country Participants (% of
the Total Population)

Digital Immigrants
(% in Each Country)

Digital Natives
(% in Each Country)

Argentina 6.71 80.65 19.35
Bolivia 1.52 1.43 98.57
Brazil 4.11 100.00 0.00

Colombia 10.61 2.04 97.86
Dominican Republic 1.52 100.00 0.00

Ecuador 5.41 52.00 48.00
Mexico 7.79 50.00 50.00

Nicaragua 2.60 50.00 50.00
Peru 58.44 48.90 51.10

Puerto Rico 1.30 100.00 0.00

4.2. Frequency of Use of ICT Tools

To examine how frequently engineering professors use ICT tools, this subsection goes
over their use of ICT tools prior to and after the pandemic. Emphasis is also given to the
different families of ICT tools used among the participants.

Figure 1 represents the mean valuations given by the participants (on a scale of 1–5)
to the frequencies of use of each of the four families of ICT tools analyzed, both before
the COVID-19 pandemic and after. The representation in terms of lines allows us to
illustrate whether the growth in the frequencies studied was greater or less, depending
on the slopes of the lines. In general terms, the participating engineering professors
significantly increased their use of ICT tools in all the teaching areas studied after the
COVID-19 pandemic (Figure 1). The greatest increases occurred in the use of tools for
communication (with an increase of 46.73% after the pandemic compared to before the
pandemic; t = −22.92, p-value < 0.0001) and, above all, for evaluation and administration
(with an increase of 47.00%; t = −19.71, p-value < 0.0001). The increases in the use of tools
designed for interaction with students (16.33%; t = −10.74, p-value < 0.0001) and content
sharing (26.65%; t = −16.74, p-value < 0.0001) were smaller. The families of tools that
increased the most were precisely those that were used less frequently before the pandemic
(Figure 1). All this allows us to confirm the alternative hypothesis H01 (the existence of
significant differences between the frequencies of ICT use before and after the pandemic).

A MANOVA test was conducted on the independent populations of digital natives and
immigrants. This test allows us to assess whether there are significant differences between
them in terms of the increase in the use of different ICT tools after the pandemic. The
results show that the digital immigrants increased their use of ICT less than digital natives
in the families of tools for interaction, communication, and sharing of didactic materials
(Table 2). As for the evaluation and administration tools, the increase in their use after the
pandemic was analogous in digital natives and immigrants since the differences between
the respective increases were not significant (Table 2). Therefore, except for the assessment
tools, the alternative hypothesis H02 (a significant influence of the digital generation of



Electronics 2023, 12, 3989 8 of 13

engineering professors on the increases in the frequency of ICT use after the COVID-19
pandemic) is confirmed.
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Table 2. Mean frequencies of ICT use before and after the COVID-19 pandemic among digital natives
and digital immigrants and MANOVA test statistics for comparison of means.

Native Immigrants
F-Statistic p-ValuePre-

Pandemic
Post-

Pandemic
Increment

(%)
Pre-

Pandemic
Post-

Pandemic
Increment

(%)

Interaction 3.84 4.64 20.83 4.00 4.47 11.75 7.39 0.0067 *
Communication 2.95 4.59 55.59 3.18 4.39 38.05 12.05 0.0005 *

Sharing 3.62 4.72 30.39 3.66 4.50 22.95 5.04 0.0250 *
Evaluation 2.95 4.36 47.80 2.97 4.34 46.13 0.09 0.7670

* p < 0.05.

5. Discussion

This section provides an in-depth look into the results and findings of this study while
also relating the results to those of the literature. The use of ICT became a common daily
occurrence for the educational community during the pandemic. It was thus evident that by
using ICT more frequently, educational stakeholders’ digital skills would improve, which
in turn could benefit the overall educational domain [16]. Hence, ICT tools and digital
competences were crucial pedagogical aspects during the COVID-19 pandemic and will
play an even more significant role in education in the post-COVID-19 era [23]. Although
the COVID-19 pandemic affected all educational levels, experiential subjects that required
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hands-on activities were influenced to a larger extent [18]. Due to its experiential nature,
engineering education is a distinct example of this [28,30,31].

Although the digital skills of engineering professors and the frequency of their using
ICT increased during the COVID-19 period, there were several factors that influenced the
engineering professors’ frequencies of using ICT. This quantitative study looked into the
engineering professors’ perspectives and experiences using ICT tools while focusing on the
influence of the participants’ digital generation and of the different families of ICT tools.
Hence, an online survey, in which 462 higher education engineering professors of public
and private universities from 10 different countries in the Latin American and Caribbean
region participated, was carried out. In contrast to the distribution of gender, which was
not homogeneous, the distributions between digital immigrants and digital natives as
well as between public and private universities were homogeneous. Furthermore, the
majority of the participants were from Colombia, followed by Mexico and Argentina. The
countries that had the most digital immigrant professors were Brazil, Dominican Republic,
and Argentina, while Bolivia and Colombia were the countries with the most digital
native professors.

Regarding the participants’ frequency of using ICT in their teaching, a significant
increase was observed across all families of ICT tools (RQ1). Tools for communicating as
well as for administrating and evaluating showed a higher increase in use, which highlights
their role in the teaching and learning activities and indicates that they were not being
widely used prior to the pandemic. The ICT tools in the interaction and sharing categories
also presented an increase, but to a lesser extent, as these tools were commonly used
even before the pandemic. Therefore, significant differences in the frequency of use were
observed among the different ICT tools (RQ2).

In addition to the overall increase in using ICT in education, the participants’ genera-
tion influenced the frequency of their ICT tool use. Particularly, digital native professors
showcased a significant increase in the use of interaction, communication, and distribution
of didactic content ICT tools in comparison to digital immigrant professors. These results
highlight the fact that digital native professors were already familiar with ICT tools and
integrated them in their teaching activities more frequently even before the pandemic in
comparison to digital immigrant professors. On the other hand, the administrative and
evaluating ICT tools revealed a similar increase for both digital immigrant and digital
native professors. In combination with the previous findings, these results highlight the
lack of integrating appropriate ICT tools for administrating and evaluating teaching and
learning activities prior to the pandemic, as well as the vital role of ICT tools in the edu-
cational process. The most significant differences were observed for the ICT tools in the
communication, administration, and evaluation families, which were the least frequently
used tools among engineering professors prior to the pandemic (RQ3).

Based on the results and despite the lack of suitable training and guidance during
the COVID-19 pandemic, engineering professors, among other educational stakeholders,
managed to develop their digital competencies, use ICT more frequently, and integrate ICT
in their teaching more effectively through their own effort. This is consistent with the results
obtained in other studies within engineering faculties [58], in the broader context of science
and technology faculty [35], and even in the generic field of higher education [36]. The
increase in ICT tool use was more evident for digital immigrant professors who were less
acquainted with them in comparison with digital native professors who were more familiar
with and skilled in ICT tools and had already integrated them in their teaching, as has been
proven in several studies carried out in Latin American professors’ populations [25,26,42].
Therefore, the results obtained in the present work confirm that age, as a variable correlated
to the digital generation, affects the ICT integration process among engineering professors.
Specifically, digital natives showed a greater capacity to incorporate digital technologies
in the teaching environment than digital immigrants. This is probably because digital
immigrants have received less training in digital competence and have spent a significant
part of their careers making little use of them. This would explain their resistance to their
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use. However, it was also observed that there were no significant differences between the
digital natives and digital immigrants in terms of the use of ICT for evaluation. This is
probably because the use of ICT is traditionally lower in this area of application, which
would also act as a factor of resistance to their incorporation. This resistance factor seems
to be independent of the digital generation of engineering professors.

The preceding results obtained here are also consistent with previous works among
Mexican professors, which confirm that older professors present greater resistance to
the integration of digital technologies in teaching activities [33,34]. These events have
reduced, to a degree, the digital divide among engineering professors of different digital
generations. This phenomenon had already been observed previously in the field of science
and technology [35], and in general, in various areas of knowledge [26]. Furthermore,
professors’ digital skills, attitudes toward ICT, and self-confidence in using ICT tools can
significantly affect their ability to effectively integrate ICT tools in their teaching, which in
turn can influence students’ learning and performance, as previously noted in [23,42]. For
that reason and to meet the needs and pedagogical specificities of engineering education,
it is imperative to develop and integrate appropriate training programs [58] which will
allow teachers and professors to become more familiar with ICT, improve their digital
skills, and integrate experiential learning [29] in hybrid learning environments and virtual
laboratories, which can enrich overall engineering education [32]. Additionally, the need to
provide appropriate technological resources and establish changes in university leadership
and management as well as in policy making [23,25] is evident.

6. Limitations and Lines of Future Research

Although the sample size was large, the distribution of participants in the two digital
generations analyzed (digital natives and immigrants) was not homogeneous, which
could lead to some type of bias in the results. Given this limitation, it is proposed to
conduct a study analogous to the one conducted here, but with a sample of participants
homogeneously distributed across digital generations to confirm the results obtained.
Furthermore, there were countries in which there were no digital natives within the sample
of participants analyzed. This limits the study because it prevents a differential analysis
based on country. It is proposed as a future line to select a sample that is homogeneously
distributed by digital generation and country, which will allow this differential analysis
to be carried out. Likewise, the results are limited by the strictly quantitative nature of
the analysis performed. It is therefore proposed to complete the analysis by means of a
qualitative study that will allow for a deeper understanding of the reasons behind the
participants’ responses and, therefore, the results that have been presented. Furthermore,
the fact that the data collection was non-probabilistic could lead to the appearance of biases
in the results. It is proposed to carry out probabilistic data collection as future work. Finally,
the analysis is limited to the study of digital generation as an explanatory variable. This
limits the extent of the results. It is proposed to carry out a study that incorporates other
explanatory variables of a sociological type such as gender, or of an academic type such as
tenure, type of university (public or private), or the area of knowledge of the participants.

7. Implications

Professors still show a lack of training and security in their use of ICTs for teaching,
which prevents them from considering a full digitalization process in higher education. This
occurs even among engineering professors, who should reasonably be the best trained in the
use of technologies. All this implies the need to reinforce training plans for the development
of digital and techno-pedagogical skills of professors by universities. Furthermore, the
resistance observed on the part of older professors (digital immigrants) to the integration
of digital resources leads us to think that this training should be differentiated according
to the digital generation of the professor. This would make it easier to meet the specific
needs of each of the generations. In addition, it is suggested that universities establish
uniform guidelines for the use of ICT for the different teaching activities to be met by all
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professors. This would act as an incentive for professors who are more resistant to the use
of technologies to normalize their use in lectures.

8. Conclusions

To summarize the findings of this study, Latin American engineering professors have
significantly increased their use of ICT tools for teaching purposes after the COVID-19
pandemic compared to their use before the pandemic. However, this increase has been
uneven depending on the family of ICT tools considered. Specifically, the greatest in-
creases have occurred in communication (46.73%) and evaluation (47.00%) tools, which
are the tools that engineering professors used less frequently before the pandemic. Conse-
quently, after the COVID-19 pandemic, there has been a certain balance in the frequency
of use of the four different families of ICT tools in engineering education: (i) interaction,
(ii) communication, (iii) sharing materials, and (iv) administration and evaluation.

Also, the digital generation of engineering professors significantly influences the mag-
nitude of the increase in ICT usage after the pandemic. Digital natives have increased their
use of ICT for student interaction more than digital immigrants (almost 10% more), as well
as for communication (nearly 20% more), and content sharing (about 8% more). However,
there were no significant differences between digital natives and digital immigrants in
terms of their post-pandemic increase in the use of ICT for administration and evaluation.

These results show that there are two different speeds in the process of ICT integration
in engineering education in Latin America depending on the digital generation of the
professors. Therefore, it is recommended that universities develop training sessions in
digital skills to help engineering professors decide to use ICT resources (mainly the older
ones, who are the most resistant).
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