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Abstract: In recent years, virtual reality (VR) technologies have become one of the teaching tools
with the greatest training potential in higher education. Thus, the study of factors that influence
the adoption and valuation of VR by the educational agents involved is a fruitful line of research,
because it can provide keys to promote its incorporation. This article compares the assessments
of VR as a teaching technology in higher education given by professors from countries that are
members of the Central American Bank for Economic Integration (CABEI) with those of professors
from countries in the Latin American region that are not members of CABEI For this purpose, a
validated questionnaire on the perception of VR use was administered to a sample of 1246 professors
from the entire Latin American region, and their responses were statistically analyzed. As a result, it
was found that professors from CABEI countries give better ratings to the usability dimensions of
VR and report a lower number of disadvantages in its use than professors from countries outside
CABEI However, the increase in the digital competence of professors in CABEI countries is more
than twice as high as the increase in the valuation of VR. It follows that there is still much room for
the integration of VR in higher education in CABEI countries. Furthermore, in CABEI countries there
is a more pronounced gap between professors from private and public universities with respect to
the above-mentioned ratings than in non-CABEI countries. As a consequence, some implications and
suggestions derived from the results are reported.

Keywords: virtual reality; virtual learning environments; information and communication technolo-

gies; university tenure; developing countries

1. Introduction

The term Virtual Reality (VR) refers to computer technologies that create environments,
objects, and scenes with the appearance of reality and with which the user can have an
interactive experience [1]. Thus, certain technical characteristics are inherent to VR, such as
the three-dimensional design of virtual environments [2], which should give as realistic
a feeling as possible [3], and interactivity [4], since the user experience should be able to
allow interaction with that environment. In addition, a certain degree of immersiveness
is required from VR, i.e., the user is sensorially immersed in the environment, inhibiting
users from experiencing their real environment. This degree of immersion can be greater or
lesser depending on the VR technological application in question; it is a continuum that
allows distinguishing, in extreme situations, between immersive VR and non-immersive
VR [5]. All these technical characteristics allow VR technologies (together with augmented
or mixed reality technologies) to have a multitude of applications in the most diverse fields
of technology [6-10].

Within the educational world, VR is one Information and Communication Technology
(ICT) that has shown great potential to develop the knowledge of students at all educational
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stages [11]. This potential arises from the ability of VR technologies to recreate diverse
and dynamic learning situations such that users have all their senses focused on the
environment and are able to interact with it in a realistic way. In this way, the virtual
environment does not lose the practicality of the real environment but gains in amenities
over other non-immersive technological resources. Therefore, in general terms, VR brings
unquestionably numerous advantages for use in the classroom, including the following:
(i) it allows the recreation of environments in a realistic way that could likely not be
recreated with that same realism through other technological resources, which is of special
interest in fields such as medicine [12], architecture [13], engineering [14], or art [15]; (ii) the
three-dimensional, immersive, and realistic nature facilitates the achievement of learning
objectives, which often leads to an increase in academic performance [16]; and (iii) the
interactive nature of the environments and the strong underlying technological foundation
is motivating for most students, who generally increase their involvement in learning
activities [17].

It is also necessary to point out that the implementation of VR technologies in educa-
tion has some limitations. These include the costs involved in implementation [18] and the
digital and techno-pedagogical skills that educators must develop to effectively incorporate
these technologies into their teaching activities [19]. Certainly, the initial expense involved
in implementing VR technologies is high. Nonetheless, research indicates that over time,
their adoption leads to considerable cost savings across various domains, including expen-
diture on consumables or laboratory equipment [20]. Consequently, the incorporation of VR
technologies by educational institutions represents a sustainable initiative [21]. Conversely,
the accessibility of VR is hindered by limitations in teacher training, particularly in regions
experiencing technological advancement, where the integration of ICT into educational
practices is less robust [22].

Digital transformation in Central America faces significant obstacles, which impact
regional development and competitiveness. A considerable digital divide and limitations in
technological infrastructure, coupled with a lack of advanced digital skills and cybersecurity
challenges, hinder the transition to a more digital and connected economy. In response
to these challenges, the Central American Bank for Economic Integration (CABEI) has
played a crucial role in financing projects that seek to overcome these barriers. For example,
CABEI financed in 2023 the construction and improvement of educational infrastructure
in Guatemala, benefiting more than 107,000 students [23], provided a USD 80 million
loan in 2019 to the Republic of Honduras for the “Program for the Integral Improvement
of Educational Infrastructure and Training in Honduras” [24] to promote progress in
improving the infrastructure of public education centers, and also supported, in 2022, the
creation of an immersive virtual room in the National Art Museum of Guatemala to enrich
the cultural experience of visitors through advanced technology [25]. These initiatives not
only improve access to education and culture, but also lay the groundwork for integrating
emerging technologies such as virtual reality into the educational environment.

In addition, the increase in infrastructure and digital capabilities thanks to CABEI's
efforts has provided a special context for examining the reception of virtual reality (VR) in
the region’s universities. Another outstanding example of CABEI's promotion of advanced
technologies in the Latin American and Caribbean region was the financing of the Agri-
culture and Technology (AgTec) 2022 event, organized by Zamorano University, with the
sponsorship of CABEI’s DYNAMIC Il initiative [26]. This event brought together nearly
900 participants, including students, graduates, industry, and development institutions, to
share innovations in processes, products, and services aimed at improving the resilience
and equity of agri-food systems. This event discussed how the inclusion of technologies
such as the Internet of Things and Artificial Intelligence offers a relevant framework for
considering the expansion and acceptance of virtual reality in educational contexts, given
its low adoption in the region, which does not exceed 2% among small-scale farmers [26].
Along the same lines, in 2020 CABEI held the forum “Science, Technology and Innovation
for Development: the necessary normality” [27], in which the possibility of regional inte-
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gration was proposed based on science and technology systems linked between countries
and their productive systems. This forum also discussed possible solutions to the most
urgent problems based on investment in research and development in Latin America, as the
COVID-19 pandemic revealed the low scientific and technological capacity as well as the
relative backwardness in the use of information technologies. Likewise, CABEI’s initiative
to support the development of the Artificial Intelligence Strategy in coordination with the
Executive Directorate of the Innovation Cabinet of the Dominican Republic exemplifies
the entity’s commitment to the promotion and adoption of advanced technologies [28].
These supports, initiatives, and efforts provide a solid framework to drive research and
development, which is crucial to understand the potential for integration of technologies
such as virtual reality in higher education in the region.

Despite CABEI’s firm commitment to the digitalization of its member countries, espe-
cially in higher education, there are no studies in the specialized literature that analyze the
impact of CABEI’s actions in this digital integration process. For this reason, the main pur-
pose of this paper is to contribute to closing this gap. The general objective of this research
is to analyze the reception of VR technologies by Latin American university professors,
distinguishing between CABEI countries and non-CABEI countries. Specifically, it aims to
achieve the following objectives: (i) to analyze the perceptions that Latin American profes-
sors have about the didactic use of VR and their self-concept of digital competence for its
use; (ii) to identify gaps in the above perceptions between CABEI and non-CABEI countries;
and (iii) to analyze whether the behavior of the differences in the perception of VR between
private and public universities in CABEI countries is similar or different from those in
non-CBEI countries. Therefore, we seek to answer the following research questions:

e  RQ1: Are there significant differences in perceptions of the didactic use of VR between
teachers in CABEI and non-CBEI countries within the Latin American region?

e  RQ2: Are differences by university tenure in perceptions of VR in CABEI countries
similar to or different from those of teachers in non-CABEI countries?

2. Related Works

The digital competence expressed by university professors in the Latin American
region is low, both in general terms [29] and in relation to the use of VR [22]. In this sense,
the area of specialty of the professors conditions their digital competence [30] which, in
general, is higher among professors in scientific and technical areas [31]. As far as we have
been able to explore, there are no studies that analyze differences in digital skills between
private and public university teachers in general. However, there are contextualized studies
on professors of Engineering [32] and Health Sciences [33] that claim that professors from
private universities report having better digital competence than those from public univer-
sities. This disparity is attributed to several factors. Predominantly, private universities
tend to have a larger contingent of distance learning students, necessitating substantial in-
vestments in digital infrastructure and resources [32]. Moreover, private institutions might
also prioritize comprehensive training programs in digital skills for their faculty, which not
only enhance technical abilities but also improve pedagogical and professional capacities
to integrate these technologies effectively into their teaching practices. These strategies
are integral to fostering an environment that supports digital competence, tailored to the
evolving educational needs and modalities of the modern academic landscape.

However, the digital competence of faculty in the Latin American region also changes
depending on the particular country studied. Specifically, it has been shown that the level
of digitization of the country correlates positively with the level of digital competence
expressed by university teachers [22]. In addition, it has also been shown that in certain
Latin American countries there are gaps in the digital competence of university professors
that do not exist in countries in more strongly digitized regions. For example, in Mexico,
engineering professors express the best digital competence [34], while in Spain, no gaps in
digital competence by knowledge area have been identified [35].
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University professors give very good ratings to VR technologies as a teaching resource
in higher education [36]. In this sense, the aspect most highlighted by the literature is the
very high acceptance generated by these technologies among students [37], which leads to
a significant increase in students’ motivation and engagement with learning activities [38].
However, these high ratings are accompanied by the identification of a high number of
limitations or disadvantages, mainly linked to the cost of implementation and the needs
VR poses in terms of faculty training [39].

The specialized literature identifies numerous factors that condition the reception of
digital technologies in general and VR in particular, in higher education. The factors most
frequently present in the literature are sociological factors such as the gender and age of
teachers. In the case of gender, the literature presents diverse results. There are works that
report a better reception of digital technologies by men compared to women [29], works
that report that women are the ones who show a better reception [40], and works that report
no significant differences by gender [35]. As far as we have been able to explore, it has not
been possible to describe the extraneous variables that explain these divergences. A similar
phenomenon occurs with age. In fact, it has been found that the digital generation (digital
natives or digital immigrants) affects professors’ evaluations of digital technologies [41].
However, it has also been found that the field of expertise of a professor significantly
influences how age affects their evaluation of virtual reality (VR). Specifically, the area
of knowledge acts as a critical variable that could explain the variance in VR ratings
across different age groups [42]. This suggests not only that age impacts technological
adoption but that this effect is moderated by the specific disciplinary contexts in which
the technology is used. Thus, the interaction between the age of a professor and their field
of knowledge provides a detailed understanding of their perception and valuation of VR
technology, highlighting the importance of considering both individual and contextual
factors in studies of technology adoption in educational settings.

It has also been found that the teacher’s area of knowledge conditions the way in
which age influences his or her evaluations of VR [42]. Thus, knowledge area appears as a
possible explanatory extraneous variable for age gaps in VR ratings.

University tenure has been shown to be an explanatory variable for faculty perceptions
of VR within specific subject areas, such as Health Sciences [31] and Engineering [32].
In both knowledge areas, faculty from private universities value VR more than those
from public universities [31,32]. However, the gap between the two is wider in Health
Sciences [31]. This shows that university tenure is not only an explanatory variable for VR
ratings but also an extraneous variable that explains, secondarily, the influence of other
factors on the above-mentioned ratings.

3. Materials and Methods
3.1. Participants

The target population for this research was university professors in the Latin American
and Caribbean region. Specifically, the authors designed and taught a master class on the
didactic use of VR in higher education focused on Latin American university professors,
which was accessed through free registration in the course, and which was repeated every
two weeks between January and June 2023. This session had the following objectives: (i) to
present VR technologies as didactic tools and elucidate their technical characteristics of
realism, three-dimensionality, interactivity, and immersion; (ii) to discuss the logistical,
equipment, and training needs necessary for the implementation of VR technologies in
university classrooms; and (iii) to present different examples of practical applications
of the use of VR technologies in the various areas of knowledge in higher education.
The criteria for inclusion were the following: (i) being a professor at a Latin American
university and (ii) being a registered attendee at a training session on the use of VR in
higher education given by the authors. Attendance at the above-mentioned training session
allows assuming that the participants had, at the time of their participation in the study,
similar and homogeneous knowledge about the didactic use of VR, even though they
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were professors with no previous experience in the use of VR. After each training session,
the attendees were asked to respond telematically to the questionnaire used as a research
instrument, which was sent to them by means of a GoogleForms® (v1, Mountain View, CA,
USA) questionnaire. Participation was informed and consented to in writing, as well as
free and anonymous. At no point in the process were participant data recorded that could
lead to identification. A total of 1559 professors attended the training session, of whom
1246 responded to the questionnaire. All the responses received were considered valid by
the authors, in the sense that they were complete.

3.2. Research Variables and Instrument

In this study, the main explanatory variable considered is whether or not the country
of origin of the participating professors belongs to CABEI This is a dichotomous nomi-
nal variable. The secondary explanatory variable is the tenure, private or public, of the
university where the professors teach. This is also a dichotomous variable.

The following explained variables are also considered: (i) self-concept of the partic-
ipants’ digital competence in the use of VR technologies; (ii) assessment of the didactic
aspects of VR; (iii) assessment of the usability of VR by professors and students; (iv) level
of perceived disadvantages of VR use in higher education; (v) perceived future use for
VR in the universities of the region; and (vi) assessment of the didactic and formative
effectiveness of VR use. All the explained variables were measured on Likert-type scales
from 1 to 5, where the lowest rating corresponds to value 1 and the highest to value 5.

For measuring these explained variables, a validated questionnaire [32] oriented to
university professors about the perception of the use of VR technologies in higher education
was used (Appendix A). The questionnaire consists of 22 questions, each of which requests
a rating of an aspect related to the didactic use of VR on a scale of 1 to 5, where 1 means a
very low rating and 5 means a very high rating. The validation of the instrument refers to
the construct, which consisted of an exploratory factor analysis that allowed the identifi-
cation of six families of questions that explain the construct [32] (Table 1): (i) self-concept
of participants’ digital competence in using VR (questions 1 to 3); (ii) rating of technical
aspects of VR, including realism, immersion, and three-dimensional design (questions 4
to 7); (iii) rating of usability aspects of VR, including user experience, employability of
VR in lessons, and perceived possibility at the participant’s university implementing VR
technologies (questions 8 to 10); (iv) disadvantages of VR, including costs, space required,
human and technical resources used, training required by technicians and professors,
and technological obsolescence of equipment (questions 11 to 15); (v) assessment of the
future projection of the use of VR in higher education, including both immersive and
non-immersive VR (questions 16 and 17); and (vi) assessment of the didactic and formative
aspects of VR, including student acceptance of VR, its impact on academic performance,
induced student motivation, impact on the development of lessons, university capacity to
implement VR technologies, and didactic employability (questions 18 to 22). This distribu-
tion of the questions into six families, which correspond to the explained variables of the
present study, allows explaining 54.1% of the variance [32]. Likewise, the instrument was
validated in terms of its internal consistency (notice that the Cronbach’s alpha parameters
of the different families mentioned vary between 0.70 and 0.84 [32]).

Table 1. Explained variables and questions of the instrument (Appendix A).

Variable Questions
Digital competence 1to3
Technical aspects 4to07
Usability 8to 10
Disadvantages 11to 15
Future projection 16 to 17

Didactic aspects 18 to 22
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3.3. Research Methodology

In this work, descriptive quantitative research was carried out on the assessments
made by a sample of Latin American university professors of the didactic use of VR
technologies. The core of the research consists of the statistical analysis of the comparison
of the mean ratings of professors from CABEI countries with respect to professors from
non-CABEI countries, and of private universities with respect to public universities. The
research process was as follows (Figure 1): The authors provided a training session on the
didactic use of VR as part of the data collection phase. After the session, the participants
answered a questionnaire, which was used as a research instrument. After validation of
the responses obtained (in the sense of checking for completeness), the data collection
phase was concluded. These data were subjected to statistical analysis, which were finally
discussed and conclusions were drawn.

During training session

Present VR
technologies as
didactic tools

Discuss about the implementation Present examples of
» of VR technologies in university - practical applications of
classrooms the use of VR technologies

¥

Respond telematically |
to the questionnaire !

Data

|
}
. ]
| analysis }

;
. ]
Conclusions ;
]

Figure 1. Research phases.

3.4. Data Analysis

This work is of a descriptive quantitative nature and is based on the statistical analysis
of the responses obtained to the questionnaire used as a research instrument. For this
purpose, it was confirmed, by means of a confirmatory factor analysis and the computation
of internal reliability statistics, that the theoretical model of six families of questions that
was presented explains the responses obtained. Descriptive statistics were then obtained
for the responses, grouped by families of questions according to the model derived from the
factor analysis. To answer the research questions, we obtained the statistics of the bilateral
t-test, comparing the mean responses between CABEI countries and non-CABEI countries,
with Welch’s correction, without assuming equality of variances. Likewise, to contrast
whether the gaps by university tenure in the responses are similar or different in CABEI
countries and non-CABEI countries, the multifactor analysis of variance (MANOVA) test
was used, again with Welch’s correction, without assuming equality of variances.

4. Results
4.1. Distribution of Participants

A total of 1246 professors participated in the study, of which 746 come from nine CABEI
countries (59.87% of the total) and 500 come from nine countries in the Latin American and
Caribbean region that do not belong to CABEI (40.13% of the total). Of the participants
from CABEI countries, 37.50% teach in private universities and 62.50% teach in public
universities, so there is a slight majority of professors from public universities. Among
participants from non-CABEI countries, 46.00% work in private universities and 54.00%
work in public universities, so the majority are again in public universities, although the
difference is smaller than in the case of CABEI countries. The distribution of participants
by country of origin is shown in Table 2.
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Table 2. Distribution of the participants by their country of origin.

CABEI Countries Proportion (%) Non-CA.B El Proportion (%)
Countries

Argentina 16.6 Bolivia 10.4
Colombia 29.5 Brazil 4.0
Costa Rica 1.1 Chile 4.8
El Salvador 19 Ecuador 224
Guatemala 3.2 Paraguay 3.2
Honduras 1.1 Peru 444
Mexico 37.8 Puerto Rico 1.6
Panama 1.6 Uruguay 2.4
Dominican Republic 29 Venezuela 6.8
TOTAL 100 TOTAL 100

4.2. Validation of the Instrument

The Cronbach’s alpha and composite reliability (CR) parameters computed on the
responses obtained (Table 3), all greater than 0.70, show that the instrument enjoys good
internal consistency.

Table 3. Cronbach’s alpha and composite reliability (CR) parameters.

Family of Responses Cronbach’s Alpha CR
Digital competence 0.7551 0.7421
Technical aspects 0.8491 0.8406
Usability 0.7814 0.7696
Disadvantages 0.8017 0.7933
Future projection 0.7941 0.7861
Didactic aspects 0.7640 0.7551

4.3. Responses

Participating professors express an intermediate average level of digital competence
for VR use (between 3 and 4 out of 5) but higher ratings for technical and usability aspects
(greater than or equal to 4 out of 5), according to the average responses shown in Table 4.
On the other hand, the didactic aspects are rated lower than the technical and usability
aspects (between 3 and 4 out of 5). Likewise, the level of disadvantage perceived by the
professors is close to 4 out of 5. A bilateral t-test was performed to compare the mean
ratings between teachers from CABEI countries and teachers from non-CABEI countries,
the results of which are shown in Table 4 and Figure 2. Since the corresponding p-values are
less than the significance level previously set (0.05) only for the usability and disadvantages
variables, it can be concluded that there are significant differences between the mean ratings
only for these variables. Specifically, professors from CABEI countries give better ratings
of the usability of VR and identify a lower level of disadvantage in its use in lessons than
professors from non-CABEI countries (Table 4).

The bilateral ¢-test performed for the comparison of means between private and
public universities reveals significant differences (p-values lower than the 0.05 significance
level) for the usability and didactic aspects variables. Therefore, professors from private
universities give higher ratings to the usability and didactic aspects of VR than those from
public universities (Table 5). However, no differences by university tenure were identified
in the professors’ self-concept of digital competence or in their ratings of the technical
aspects of VR, its future projection or its disadvantages (Table 5 and Figure 3).
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Table 4. Average responses distinguishing between CABEI countries and non-CABEI countries as
well as statistics of the bilateral t-test for comparison of means, carried out with the Welch correction,
without assuming equality of variances.

Famil Mean CABEI Mean Non-CABEI t-Statisti Val
amily Countries (Out of 5) Countries (Out of 5) ahstie p-vatue
Digital competence 3.26 3.23 0.58 0.56
Technical aspects 3.97 3.91 0.91 0.36
Usability 4.29 4.15 2.81 <0.05*
Disadvantages 3.80 3.92 -1.96 0.04 *
Future projection 4.00 3.90 1.62 0.10
Didactic aspects 3.08 3.14 -0.87 0.38
*p <0.05.
: : 3.14
Didactic aspects 3.08
oot 3.90
Future projection 100
; 3.92
v
2 Disadvantages 3.80
«
&
- 4.15
> Usability 429
g 3.91
Technical aspects 3.97
o . 3.23
Digital competence 326
T T T T 1
1 2 3 4 5

Average ratings (out of 5)

B non-CABEI m CABEI

Figure 2. Average responses differentiated by geographic location (dark colors indicate significant
differences between CABEI and non-CABEI countries).

Table 5. Average responses distinguishing between private and public universities as well as statistics
of the bilateral t-test for comparison of means, carried out with the Welch correction, without
assuming equality of variances.

Family Mean Private Mean Public t-Statistic p-Value
Digital competence 3.31 3.20 1.75 0.08
Technical aspects 3.98 3.92 1.06 0.29
Usability 4.36 415 427 0.00 *
Disadvantages 3.91 3.81 1.49 0.14
Future projection 3.97 3.95 0.38 0.70
Didactic aspects 3.27 2.98 4.40 0.00 *

*p <0.05.
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. . 2.98
Didactic aspects _ 3.27
.. 3.95
Future projection 3.97
. 3.81
% Disadvantages 3.91
.8 T
= . 4.15
> ULty ——— 36
) 3.92
Technical aspects 3.98
. . 3.20
Digital competence 3.31
T T T ' '
0 1 2 3 4 5

Average ratings (out of 5)

Public M Private

Figure 3. Average responses differentiated by university tenure (dark colors indicate significant
differences between private and public universities).

The behavior of the gap between public and private universities depending on whether
the professors are from CABEI or non-CABEI countries was studied using multifactor
analysis of variance (MANOVA), the results of which are shown in Table 6 and Figure 4.
Specifically, the behavior of the mean responses, distinguishing between private and public
universities, is different for CABEI and non-CABEI countries in terms of self-concept of
digital competence and assessment of the future projection of VR. Specifically, in the CABEI
countries, professors in private universities report higher levels of digital competence and
a better assessment of the future projection of VR than professors in public universities
(Table 6). On the other hand, in countries outside CABE]I, it is public university professors
who show a slight superiority in their average self-concept of digital competence and also
in their assessment of the future projection of VR compared to private university professors
(Table 6).

Table 6. Average responses (out of 5) distinguished by university tenure within CABEI countries and
non-CABEI countries as well as statistics from the multifactor analysis of variance (MANOVA) test
with Welch’s correction, without assuming equality of variances.

CABEI Countries Non-CABEI Countries
Family ; X ; X F-Statistic p-Value
Private Public Private Public
Digital competence 341 3.18 3.20 3.25 5.02 0.03 *
Technical aspects 3.99 3.95 3.97 3.86 0.47 0.49
Usability 4.45 4.20 4.25 4.06 0.28 0.60
Disadvantages 3.81 3.79 4.02 3.84 1.13 0.29
Future projection 4.08 3.95 3.84 3.96 4.36 0.04 %
Didactic aspects 3.26 297 3.29 3.01 0.02 0.89

*p < 0.05.
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CABEI

non-CABEI

Public

Private

Public

Private

3.18 3.95 4.20 3.79 3.95 2.97
R T W
3.41 3.99 4.45 3.81 4.08 3.26
RNRYAYEN
3.25 3.86 4.06 3.84 3.96 3.01
L
3.20 3.97 4.25 4.02 3.84 3129

Average ratings (out of 5)

Digital competence = Technical aspects Usability

Disadvantages Future projection Didactic aspects

Figure 4. Average responses (out of 5) differentiated by geo-localization (CABEI and non-CABEI
countries) and university tenure.

5. Discussion

The first novel contribution of the present research is to demonstrate that teachers
from CABEI countries rate the usability and user experience dimensions of VR higher than
teachers from non-CABEI countries (Table 4). In addition, the level of VR disadvantage
perceived by CABEI members is lower than that of non-CABEI members (Table 4). This
allows us to conclude, in response to RQ1, that belonging to the CABEI certainly influences
professors’ acceptance of VR, although not in all the dimensions analyzed. If there are
no differences in the ratings of technical or didactic aspects, it is probably because these
ratings are not so much conditioned by the digitization of the country or the experience of
use, which seems to condition the rating of usability. This implies that professors in CABEI
countries probably have greater knowledge and experience in the use of technologies such
as VR.

In any case, the above results are in line with previous work that identifies the ge-
ographic variable as an influential factor in VR valuations [19,22,35]. Also, it is shown
that CABEI policies regarding the egalitarian digital development of member states lead
to higher acceptance of VR technologies by university professors. However, this higher
acceptance, while significant, is still small (around 3.37% for usability aspects of VR and
3.16% for disadvantages; Table 4). In contrast, digital competence in CABEI countries is
about 7% higher than in non-CBEI countries (Table 4). These two data together imply that
membership in CABEI leads to an increase in the digital integration of its universities, but
this increase has probably not yet sufficiently reached specific VR technologies.

University tenure has also been shown to be an explanatory variable for the evaluation
of the didactic and usability aspects of VR (Table 5). Specifically, professors from private
universities give higher ratings of these dimensions than professors from public universities.
Again, these results are in line with previous work contextualized in specific areas of
knowledge, such as Health Sciences [31] and Engineering [32]. Moreover, these results
are extended here to a broader population of university faculty. This gap may be due
to the greater experience and investment of private universities in the region in digital
integration [32].
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However, these university tenure gaps behave differently in CABEI and non-CABEI
countries. Specifically, in CABEI countries, there is a larger gap in digital competence for
VR use between private and public universities than in non-CABEI countries (Table 6).
Indeed, the digital competence of professors at private universities is 7.23% higher than
that of professors at public universities within CABEI countries. In contrast, the digital
competence of professors at public universities is 1.6% higher than that of professors at
private universities within countries outside the CABEI. This implies, in response to RQ2,
that the gaps by university tenure are different depending on whether or not one belongs to
the CABEI in terms of self-concept of digital competence, but not in the assessment of the
different technical, didactic, or usability dimensions of VR. This probably means that CABEI
countries are pursuing more determined university digitization policies than non-CABEI
countries, but the impact of these policies is evident mostly in private universities. Again,
the reality of the student body of these universities may explain this gap [32].

The implications of this study are as follows: (i) supranational alliances of an economic
nature, such as CABEI, have a significant and positive impact on the digitization process
in the region in which they are established; (ii) the previous digitization process carried
out by CABEI countries has had very little impact on the use and acceptance of specific
VR technologies in higher education; and (iii) the policies carried out by CABEI generate
inequalities in terms of the digitization process between private and public universities,
at least in terms of the digital training of faculty. Based on this second implication, it is
suggested that CABEI member states take measures to ensure an increasing use of digital
technologies in public universities, for example, by encouraging the design of protocols for
their use in lessons.

Among the limitations of this study are the following: (i) the methodology employed is
strongly quantitative, so that it is not possible to conduct an in-depth analysis of the reasons
behind the gaps identified, which would be derived from a more qualitative or mixed
approach; (ii) it is possible that there are extraneous variables influencing the perceptions
analyzed, both sociological and academic, that have not been addressed in this research;
and (iii) the geographic region analyzed, in the process of technological development,
is specific and particular, so it is not possible to extend the results to other regions with
higher levels of digitization. Thus, the following lines of future research are proposed: (i) to
carry out a similar quantitative analysis, but with a sample of participants homogeneously
distributed by country, so that the influence of the geographic variable can be studied
in greater depth; (ii) to complete the study with a qualitative analysis that will make it
possible to identify the exact reasons for the gaps identified; and (iii) to compare the results
obtained with those of other geographic regions with different levels of digitization.

Central America faces significant challenges in its digital transformation, marked
by a notable digital divide, limited technological infrastructure, and a lack of digital and
innovation skills. These challenges, together with problems in cybersecurity and access
to financing, hinder progress towards a digital economy. CABEI has responded to these
challenges with significant initiatives, such as financing the expansion of educational
infrastructure in Guatemala [23] and the development of an immersive virtual room at the
National Museum of Art [25], in addition to supporting technological innovation projects
in agriculture and education in other member countries [26]. In addition, CABEI has
supported initiatives that promote technological innovation in various sectors, which could
indirectly benefit education by improving the technological infrastructure available to
educational institutions in the region. These efforts not only improve the access to and
quality of education and culture but also foster greater integration with global value chains,
paving the way for the incorporation of advanced technologies such as virtual reality.
CABEI has thus played a fundamental role in the quest to mitigate these barriers through
the financing of key projects.

CABEI's implementation of infrastructure and advanced technology offers a unique
platform to explore the integration and perception of virtual reality in higher education in
the region. The analysis of CABEI-supported projects, such as the creation of immersive
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facilities and support for research and development in countries such as Guatemala and
Honduras, influence professors’ perceptions of the didactic use of VR. In addition, these
analyses make it possible to compare the differential situation between private and public
universities, in order to understand the differences in the reception and application of
Virtual Reality depending on the type of institution and the technological support pro-
vided by regional initiatives such as the National Artificial Intelligence Strategy in the
Dominican Republic and educational innovation in Honduras, thus reflecting the impact of
digitalization policies promoted by CABEL

The results of the present study show that, despite funding for infrastructure improve-
ments in universities and other educational institutions by CABEI in the Latin American
and Caribbean region, the integration of technologies such as virtual reality in higher
education in CABEI countries is still in its early stages. Integrating VR more deeply into
academic curricula could improve the perception of its didactic benefits, thus aligning
digital competence with positive evaluations of its practical applicability. While teachers
in CABEI countries rate the usability aspects of VR positively and perceive fewer disad-
vantages in its use compared to their counterparts in non-CABEI countries, the increase
in digital competence is not fully reflected in a high valuation of VR. This suggests that,
while CABEI investments in technology infrastructure and training are critical, a more
targeted and specific approach to VR training is needed for these technologies to be fully
leveraged in educational contexts. These infrastructure projects would have the potential to
incorporate advanced technological components such as computer labs and digital media,
which can be critical in supporting VR technologies.

6. Conclusions

The participating professors give high ratings to the technical and usability aspects
of VR but express an intermediate self-concept of their digital competence to use VR,
an intermediate-high level of disadvantages, and an intermediate rating of its didactic
benefits. Professors from CABEI countries express 3.37% higher ratings of the usability
aspects of VR and 3.16% lower ratings of its disadvantages than those from non-CABEI
countries. Also, within the CABEI countries, the digital competence expressed by private
university professors is 7.23% higher than that of public university professors. However,
within countries outside the CABEI, the digital competence expressed by public university
professors is 1.6% higher than that of private university professors. Consequently, it
can be affirmed that CABEI activity in its member states leads to a notable increase in
the digital competence of professors in its universities, which is clearly concentrated in
private universities. This is probably because private universities may have both a greater
awareness of the digital integration process and a greater capacity to carry it out. Thus, this
may have led them to a more optimal capacity to channel the investment received in the
digitization of higher education than public universities. In addition, CABEI membership
also significantly increases the valuations of VR technologies. However, this increase of just
3% is low (less than half of the increase in digital competence shown by CABEI countries).
This means that the CABEI countries have not taken sufficient action in relation to specific
VR technologies. From the results obtained, it is recommended that CABEI countries
promote the design of protocols for the use of digital technologies, specifically VR, within
their public universities, to reduce the existing gap with private universities, and that
efforts to digitize higher education in non-CABEI countries be increased. In conclusion,
the main original contribution of the article consists of a mathematical verification of the
influence of CABEI's technological development policies in higher education on university
professors’ reception of digital teaching technologies, specifically VR.

Although it has been shown that there are significant differences in the acceptance of
VR technologies depending on whether a country belongs to the CABEI, the methodology
used cannot ensure that membership in the CABEI is the cause (at least the only cause) of
these differences. This is a methodological limitation of this work. Thus, given that only a
small part of the investment in higher education in CABEI countries can be assumed to be
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due to CABEI membership, it is possible that there are extraneous variables that cause the
differences identified in this paper. Among these hidden causes could be, for example, the
differences in socioeconomic levels that exist between CABEI and non-CABEI countries.
CABEI's commitment to improving digital infrastructure and training has facilitated a
more receptive environment for VR in educational institutions in its member countries. This
is inferred because the results obtained among participants from CABEI countries are better.
However, despite CABEI funding for infrastructure improvements, the adoption of VR in
higher education in CABEI countries is still in its nascent stages, because the superiority of
the ratings to those of non-CABEI countries barely exceeds 3%. This implies that a more
targeted approach to VR training is required to take full advantage of these technologies in
educational contexts. Likewise, the results of the study indicate that, although there is a
positive assessment of VR usability and recognition of its technical advantages, a concerted
effort is still needed to build this improved infrastructure into an effective integration of
VR into didactic processes, particularly in public universities, to close the gap with private
institutions and maximize the educational potential of these advanced technologies. The
difference in the reception of VR between private and public universities underscores the
need for supportive policies that balance the distribution of technological resources and
strengthen the capacity of all higher education institutions in the Latin American region.
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Appendix A

The following are the questions of the survey used as the research instrument (all
responses are measured on a Likert scale of 1 to 5, where 1 means a very low rating and
5 means a very high rating):

1. Self-concept of your digital skills to program or design new ICT-based educational
tools.

2. Level of knowledge about virtual reality.

3. Do you feel that you have received sufficient training at your university on the possible
applications of VR in education?

4.  Level of importance of the following usability aspect of virtual reality when designing
a virtual reality educational experience: 3D Design.

5. Level of importance of the following usability aspect of virtual reality when designing
a virtual reality educational experience: Immersion.

6. Level of importance of the following usability aspect of virtual reality when designing
a virtual reality educational experience: Realism.

7. Importance of interaction when designing an educational experience with virtual
reality.

8.  Importance of user experience when designing an educational experience with virtual
reality.

9.  Importance of employability when designing a virtual reality educational experience.

10.  Possibility of your university implementing virtual reality in its teaching activities.

11. Level of inconvenience of the following aspects of virtual reality: Costs.

12.  Level of inconvenience of the following aspects of virtual reality: Spatial limitations.
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13.  Level of inconvenience of the following aspects of virtual reality: Demand for technical
and human resources.

14. Level of inconvenience of the following aspects of virtual reality: Requirement of
specific knowledge on the part of teachers and technicians.

15.  Level of inconvenience of the following aspects of virtual reality: Technological
obsolescence of equipment.

16. Degree to which you think that the implementation of immersive virtual reality will
increase in the future at your university.

17.  Degree to which you think that the implementation of non-immersive virtual reality
will increase in the future at your university.

18. Level of importance you give to the didactic usefulness of virtual reality when design-
ing didactic actions.

19. Level of acceptance of virtual reality as a teaching resource that you think your
students have (or would have).

20. Do you believe that the use of virtual reality in educational environments increases
(or would increase) the academic performance of your students?

21. Do you believe that the use of virtual reality in educational environments increases
(or would increase) your students” motivation to learn?

22. Do you consider that the application of virtual reality in educational environments
helps (or would help) to improve the progress of lessons?
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