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Abstract

This study examines the social determinants of the digital divide in pre-service teacher ed-
ucation through the design and validation of the Digital Hospitality Scale (DSBD-HD-FID).
The instrument was developed to diagnose social inequalities across six key dimensions:
socioeconomic status, geographic location, gender, age, disability status, and intercultural-
ity. These dimensions are understood as structural factors shaping access to, use of, and
participation in digital environments within teacher education. The research followed a
non-experimental, quantitative, and cross-sectional design, including content validation
through expert judgment and statistical analysis based on a pilot sample of education stu-
dents from Chile and Portugal. An exploratory factor analysis was conducted, and internal
consistency was assessed using Cronbach’s alpha coefficient. The results confirm strong
content and construct validity, as well as high reliability (« = 0.93). Empirical findings
indicate that socioeconomic status and geographic location significantly condition access to
connectivity and digital literacy, while gender differences emerge mainly in recreational
uses and frequency of digital training. Beyond these results, the study highlights the
relevance of addressing digital inequalities in teacher education through inclusive and
equity-oriented training policies. The findings support the integration of digital hospital-
ity, human rights education, and the Sustainable Development Goals into initial teacher
training curricula as measurable and evaluable dimensions, providing an evidence-based
framework to inform future teacher education policies aimed at reducing digital divides
and promoting social cohesion.

Keywords: digital divide; digital hospitality; initial teacher training; digital skills;
social cohesion; instrument validation; human rights education; digital citizenship; digital
exclusion; internet

1. Introduction

We know that the concept of the digital divide has been studied for decades and
there is significant consensus that it refers to inequalities in, at least, access to, use of,
and knowledge of digital technologies in general and information and communication
technologies (ICT) in particular [1-13]. However, it was initially understood as the division
or distance between those who have access to a certain digital infrastructure and those who
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do not. Today, it increasingly encompasses differences in the type of use, in the digital skills
required for such use, and in the benefits obtained from: it.

These technological gaps can amplify existing social inequalities, directly affecting
people’s social, educational, and economic capital. For this reason, the digital divide has
become highly important in the education sector, as it threatens to perpetuate inequalities
in access to quality education [9]. Even at the level of international organizations, it is un-
derstood that it hinders the achievement of goals associated with sustainable development
goals (SDGs) and human rights education standards [14-17]. Therefore, adequate digital,
media, and information literacy remains essential [18-20], especially with regard to the
development and strengthening of teachers’ digital skills [21], in the case of preservice
teacher education or in-service training.

The United Nations (UN) has emphasized that ICTs, when used properly, can con-
tribute to reducing inequalities, as they tend to facilitate equitable access to information,
education, and participation for historically disadvantaged or marginalized groups, thereby
reducing opportunity gaps. Five years after the start of the COVID-19 pandemic, these dis-
parities have become particularly evident, due to the sudden migration to remote teaching
modalities, with a large number of students and teachers lacking adequate technological
resources [22]. Hence, it is necessary to focus attention on the frequency of use, the type of
digital tools, and the corresponding adaptations to the virtualization of teaching-learning
processes [23].

To cite one example, in Colombia, only 45.7% of education students had access to
a personal computer or tablet, and 39.3% had reliable internet access during the health
emergency. This access gap significantly limited the continuity of education in digital
environments, confirming that, beyond infrastructure, there are clear differences in use and
results associated with socioeconomic and contextual factors [24].

As we mentioned earlier, the three basic levels for understanding the digital di-
vide (access, use, and knowledge) have had a broad impact on university education,
especially in terms of academic performance, timely access to a first job, and par-
ticipation in digital citizenship. Initially, public policies focused on closing the dig-
ital divide through investments in infrastructure and the distribution of equipment
(computers and digital whiteboards, for example). However, it soon became clear that
access alone did not guarantee real digital inclusion, since many people—even with devices
and Internet access—were unable to use these tools in a meaningful way to improve their
learning or quality of life. In this regard, ref. [3] proposed reformulating the concept of the
digital divide to also encompass deficiencies in usage and utilization skills, emphasizing
that digital exclusion has both material and skill-related dimensions. This explains the
notion of meaningful use of the internet, and today of artificial intelligence, which refers
to the need to equip people with skills, competencies, and ethical and socio-technical
awareness so that technology can provide them with real and differentiated value [25]. We
can see this today with the significant use of artificial intelligence in education, where most
students have access to this technology, but only a portion use it frequently, which indicates
a gap between access and use, whether due to lack of training or motivation [26].

Therefore, the digital divide is not homogeneous, but intersects with various social
determinants that condition access to and use of technology. One of the most obvious
factors is socioeconomic status. People from economically disadvantaged backgrounds
tend to have less access to up-to-date devices, high-speed connections, and opportunities
for training in digital skills [24]. This economic factor is also reflected in preservice teacher
education. Ref. [27] documented that, in South Africa, education students from low-
income backgrounds faced great difficulties in transitioning to online education during
the pandemic due to a lack of sufficient technological resources. A large number of these
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future teachers had to continue their training in rural contexts, which leads to reflection on
geographical location as a second social determinant of the digital divide.

Thus, digital exclusion tends to be greater in rural areas or areas far from large cities,
where technological infrastructure may be limited and Internet services are less accessible
or of lower quality. Ref. [28], in Turkey, analyzed the experiences of university students
in remote learning and found interesting nuances around the rural-urban axis. Contrary
to expectations, rural students with stable connectivity reported feeling more confident
and autonomous in their online learning than their peers in urban environments, who
experienced more stress and socioeconomic difficulties during lockdown. However, the
overall situation remains disadvantageous for many rural areas. Ref. [29] emphasize that
the lack of digital literacy among secondary school students and teachers, coupled with
technological and economic deficiencies and poor Internet coverage in families, signifi-
cantly restricts educational opportunities in this context. This affects and differentiates
both countries, North-South, and within each country, hence the importance of ensuring
differentiated and contextualized strategies to achieve an adequate reduction of the digital
divide [30].

Other important social determinants are age and gender. With regard to the gener-
ational difference, we must demystify what once helped to understand and position an
interesting idea, such as the use of concepts such as digital natives and immigrants [31,32].
As ref. [33] point out, this differentiation has had a negative impact on education, leading
to a neglect of digital literacy among students compared to teachers. The generation gap
exists, but that does not mean that children, adolescents, and young people do not need
training in digital skills.

Ref. [34] investigated the attitudes of trainee early childhood teachers towards the
integration of computers in the classroom and the reduction in digital divides among their
students. Her findings showed that teacher training students had very positive attitudes
towards educational technology and were more willing to incorporate it than teachers
from previous generations. However, it also revealed that teacher trainees continue to
feel challenged and uncertain when faced with digital environments, especially when it
comes to reducing socio-familial gaps among their students. Therefore, age alone does not
eliminate the usage gap; digital competence in teaching requires intentional development
during preservice teacher education. In this vein, ref. [35] point out that including teacher
digital competence as part of professional development from the training stage contributes
directly to minimizing the digital divide in the education system. Their study with sec-
ondary school teachers in training in Spain found that, although they highly value their
level of digital competence, the actual application of these skills in educational practice is
still limited.

On the other hand, the gender digital divide is a socially constructed dimension that
affects both access and technological trajectories of teachers and students. Historically,
women have had a lower presence in ICT areas and have faced stereotypes that may have
limited their confidence and opportunities to develop advanced digital skills [36]. Gender
gaps have also been identified in professional digital competence. Ref. [37] developed and
validated an instrument to measure this gap, finding subtle but significant differences in
certain areas of digital competence in favor of male teachers. Although female teachers
reported feeling digitally confident and motivated, as indicated by [38], structural obstacles
persist that may hinder their full professional technological development. This is also true
in the education and teaching sector. The authors, comparing teachers in Spain and Costa
Rica, concluded that the globalization of ICT has positioned teachers as a cornerstone in
the development of digital citizenship skills, with their role being essential in reducing
digital divides.
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This perspective of inclusion also encompasses other groups that are often marginal-
ized in the digital world, such as people with disabilities and culturally diverse communi-
ties, whether they belong to indigenous or native peoples, ethnic communities, or migrants.
People with disabilities face barriers to web accessibility, device adaptability, and universal
design for learning (UDL), which constitutes a fifth social determinant of the digital divide.
Ensuring digital accessibility is fundamental for this group, guaranteeing their right to in-
clusive education mediated by ICT [25]. Similarly, the intercultural dimension of the digital
divide deserves attention, where indigenous communities, remote rural communities, or
linguistic minorities in contexts of high migration may experience digital exclusion if the
available technology does not take into account their language, customs, or specific needs.

Thus, reducing the digital divide in preservice teacher education requires a compre-
hensive approach that considers the multiple social determinants involved: economic
factors, geographic location, age, gender, disability status, and interculturality. Each of
these factors can influence how future teachers access and use technology.

In view of the above, it is important to have valid and reliable instruments to measure
the digital divide and its respective social determinants. And, although there are instru-
ments to measure access to technologies, use from the perspective of digital skills, and
knowledge from self-perception, among others, it is essential to expand the measurement
to include dimensions that link the digital divide with inequality, the SDGs, and human
rights education standards.

Although numerous instruments have been developed to assess aspects of the digital
divide, most existing scales tend to focus on specific and partial dimensions, such as ac-
cess to digital technologies, self-perceived digital competence, or technical digital skills.
Instruments grounded in digital literacy and digital competence frameworks have made
significant contributions to understanding users’ abilities to operate technologies and par-
ticipate in digital environments. However, these tools rarely integrate social determinants
such as socioeconomic conditions, geographic context, gender, disability, or interculturality
in a systematic and unified manner.

Likewise, instruments addressing inclusion or equity in digital education often em-
phasize accessibility or pedagogical adaptations, but they do not usually incorporate a
broader ethical and socio-political perspective linked to human rights education or the
Sustainable Development Goals. In contrast, the Digital Hospitality Scale (DSBD-HD-FID)
is intentionally designed to articulate these dimensions within a single measurement model.
Its structure combines traditional indicators of access and use with constructs related to
digital hospitality, social inclusion, and global educational commitments, allowing for a
more holistic diagnosis of digital inequalities in pre-service teacher education. This inte-
grated approach differentiates the proposed instrument from existing models and supports
its relevance as a complementary tool for research and policy-oriented analysis.

Ref. [39] describe the construction and validation of an instrument to diagnose the
digital divide in vulnerable populations. Ref. [37], for their part, emphasize the construction
of specific instruments to measure gender digital divides in teacher digital competence,
stressing that only with targeted tools can these disparities be made visible. Additionally,
ref. [38] point out the importance of adapting the assessment of digital competence to
diverse educational environments.

However, regardless of the theory on which the researcher bases the construction of the
instrument, the process, as indicated by [40], must follow theoretical and metric principles
that maximize the validity of the inferences made from the instrument used. We know that
the two psychometric characteristics that must be required of a measurement instrument are
reliability and validity, which are essential for making relevant and appropriate inferences
from the data obtained for decision-making.
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The accuracy of the test score, that is, the variability around its true score, is reflected in
the standard error of measurement, for which a standardized consistency index (called the
reliability coefficient) has been proposed, ranging from 0 to 1, which is nothing more than
an overall indicator of error. Therefore, reliability can be considered as temporal stability
and as internal consistency, using different methods depending on which is intended. In
this work, we will opt for reliability as internal consistency using the method based on item
covariance. The mathematical procedure followed is Cronbach’s Alpha.

Validity, on the other hand, is a guarantee of the quality of a test. It refers to the
degree to which empirical evidence and theory support the interpretation of the scores on
a specific test.

Although there are different types of validity, in this study we have focused on content
and construct validity. The former refers, in the words of [41], to the sample adequacy of
the items in a test, as a sample of a broader domain of items representative of the construct
or behavior. This is obtained by consulting groups of experts. They must accurately assess
whether or not the items presented to the subject correspond to the general objective to
be measured.

Construct validity, on the other hand, relates to the analysis of the internal structure of
the test, which allows us to reflect on the dimensions of the construct. The mathematical
procedure for obtaining it is factor analysis, from which we can determine the degree to
which the empirical evidence and the dimensional structure coincide with the structure
theoretically postulated in the test.

In addition to these psychometric characteristics, such as others more related to
external evidence such as criterion validity, convergent validity, and discriminant validity,
great objectivity is necessary with regard to referring to the degree to which the results are
independent of the researcher or evaluator.

The three characteristics that objective tests must meet in this regard are:

1. The people administering the test must have a good relationship with the test takers
and be familiar with the test to be used.

2. Responses must be recorded and processed without being influenced by the evalua-
tor’s criteria.

3. The test must be administered under optimal conditions, taking care to avoid physical
factors that could influence and alter the results.

All of these factors have been taken into account in the work presented, seeking the
ideal conditions for implementation and controlling the conditions of application at all
times, both for the instrument and for the evaluator [42].

To this end, our main objective has been to design and establish psychometric prop-
erties that guarantee reliability and validity, in order to extrapolate the results to the
reference population.

This exploratory factor analysis (EFA) is a fundamental statistical technique for identi-
fying and validating the underlying structure of the items in the designed scale, allowing
us to reduce the complexity of the data and group the observed variables into latent fac-
tors that represent the theoretical dimensions of the construct under investigation. In the
context of our study to analyze the social determinants of the digital divide in preservice
teacher education, EFA facilitates the identification of underlying patterns, the removal of
redundant or unrepresentative items, and the confirmation of the internal consistency of
the scale, ensuring its validity and reliability as a measurement instrument. In addition, it
provides a solid basis for further analysis and interprets the interrelationships between the
social factors that affect the digital divide in the context of preservice teacher education,
strengthening the methodological rigor of this research.
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In this study, digital hospitality is defined as the set of conditions, practices, and
institutional orientations that facilitate equitable, inclusive, and meaningful participation
in digital environments. It refers not only to access to digital technologies, but also to the
ways in which digital spaces are designed, mediated, and governed to recognize social
diversity, reduce structural inequalities, and support the educational, social, and profes-
sional development of individuals. From this perspective, digital hospitality integrates
technological, sociocultural, ethical, and educational dimensions, emphasizing openness,
accessibility, and social justice as guiding principles for digital participation in pre-service
teacher education.

In response to these needs, the present study set out to design and validate the Digital
Hospitality Scale to analyze the social determinants of the digital divide in preservice
teacher education DSBD-HD-FID. This work addresses the design of the scale, its validation,
and analyzes some results that emerged from the Chile-Portugal pilot study.

Thus, our research question is as follows: How can the social determinants of the
digital divide in initial teacher training be identified and measured through a frame-
work that integrates digital hospitality, human rights education, and the Sustainable
Development Goals?

Our main objective is to analyze the social determinants of the digital divide in
preservice teacher education by designing a scale-type instrument to measure the status
quo in this target group with regard to these inequalities.

As specific objectives, we consider it essential to be able to identify the most relevant
social dimensions of the digital divide in initial teacher training. This is fundamental in
order to achieve a cross-sectional analysis of the factors that influence the digital exclusion
that still exists. In addition, we have set out to design a scale and ensure its validation
by expert judgment and statistical analysis, in order to have a reliable instrument when
measuring this divide.

Another objective was to apply the scale in a pilot study with students from Chile and
Portugal and analyze its psychometric properties.

Finally, analyzing the relationship between the sociodemographic variables of the
participants and the validated dimensions of the scale became a final relevant objective for
our study.

In line with these objectives, six initial hypotheses were proposed, as detailed in the
third point of the Section 2.

However, it is worth mentioning the lack of specific literature on these topics in an
articulated manner, whether in relation to the digital divide in preservice teacher education
or in relation to human rights education and sustainable development goals.

2. Materials and Methods

This section provides a detailed review of everything related to the study design, the
sample, the variables associated with their respective initial hypotheses, the instrument
design, and the statistical analysis of the data obtained in the Chile-Portugal Pilot Study.
For more details, review the Supplementary Material.

Furthermore, it should be noted that this research was approved by the ethics com-
mittees of the University of Granada, under registration number “3002/CEIH/2022"-
“5352/CEIH/2025” and the Central University of Chile, through the University of the
Americas in the same country, under resolution “Project 152/2022”.

2.1. Study Design

This study adopts a non-experimental quantitative and cross-sectional design, aimed
at the development and validation of a psychometric instrument. The main objective is to
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design, validate, and apply in a pilot phase a scale that allows for the analysis of the social
determinants of the digital divide in preservice teacher education. This design is suitable
for research that aims to obtain indicators of validity and reliability in the preliminary
stages of instrument construction [43]. This type of design is based on the points established
for the construction and psychometric analysis of instruments [40], which contemplate
three phases (Figure 1).

. . Development and Pilot application
Theoretical review A . .
.. validation of items and analysis of
and definition of the .
through expert psychometric
construct . .
judgment properties

Figure 1. Phases of the study.

2.2. Sample

The sample consisted of 185 students aged between 18 and 54 from the education
faculties of a Chilean university and two Portuguese higher education institutions. In terms
of age, 51.4% (n = 95) were between 18 and 24 years old, 30.8% (n = 57) were between 25 and
34 years old, and the remaining 17.8% were 35 years old or older. The sample was composed
of a majority of women, representing 86.5% (n = 160), and 13% (n = 24) men, with 69.2%
(n = 129) of Chilean nationality and 28.6% (n = 53) of Portuguese nationality. The selection
was made using non-probabilistic convenience sampling, based on the accessibility and
availability of the participating institutions. The total population invited to participate in
this pilot study was 802 students, meaning that the sample corresponded to 23% of the
indicated population.

It should be noted that the empirical study was conducted during the year 2023.

Although this presents some difficulties in terms of generalization, it can be counter-
acted by a differentiated analysis of the six initial hypotheses, which are directly related to
the objectives and social determinants of the digital divide.

2.3. Variables and Initial Hypotheses

The main variables correspond to the social determinants of the digital divide proposed
by [44]. Table 1 presents them together with their respective hypotheses, which are closely
related to the general objective of the research and the first of the specific objectives.

Table 1. Variables and hypotheses.

Variables

Description

Hypothesis

Economic factor

Amount of household income

The economic situation will influence access to and
use of technologies, with the digital divide being
smaller among those with higher incomes.

Geographic location

Characterization of the territory contrasting
between urban and rural areas

Students living in urban areas will show a smaller
digital divide compared to those living in rural areas.

Younger students will be more familiar with and

Age Generational difference and gap make greater use of technologies compared to
older students.
Gender Gender self-determination There WIH be differences in the digital divide
according to gender.
Students with disabilities will face greater barriers in
Disability status Self-determination of a disability accessing and using technology compared to those

who self-identify as non-disabled.
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Table 1. Cont.

Variables Description Hypothesis
Self-determination as belonging to an indigenous Students.b.elongmg to indigenous peoples or ethnic
cople or ethnic communit communities or who come from a country other than
Interculturality peop Y their country of residence and study will have more

Country of origin different from country
of residence.

difficulties in accessing and using technology than
those who do not self-identify as such.

Source: Authors’ elaboration.

2.4. Instrument Design and Data Collection

The instrument construction process was carried out in four phases:

2.4.1. Phase 1 Theoretical Review and Definition of the Construct

A review of the literature on the digital divide in education was conducted, particularly
in higher education and specifically in relation to preservice teacher education. In addition,
special attention was paid to literature referring to the social determinants of this divide.
The purpose of this was to define the construct and establish the dimensions that would
guide the development of items. Although the results of this information analysis are
detailed in more depth in the introduction, it is important to note that, in addition to
scientific and academic articles, various official reports on the issue from international
organizations such as UNESCO, OEI, and IDB, among others, were also reviewed.

2.4.2. Phase 2 Initial Development of the Questionnaire

Based on the above classification, five-point Likert-scale items were developed, de-
signed to capture students’ perceptions and experiences in relation to the digital divide
(access, use, and training or appropriation). The initial version of the questionnaire in-
cluded 29 items distributed across seven dimensions, in addition to an initial block for
collecting sociodemographic data (age, gender, place of residence, etc.) that reflected the
social determinants indicated above.

2.4.3. Phase 3 Content Validation Through Expert Judgment

The questionnaire was submitted for evaluation to a panel of 20 expert judges in
educational technology and instrument design from 11 Ibero-American countries, in order
to reflect the greatest possible cultural diversity. These experts assessed each item in terms
of clarity, relevance, and suitability, using a five-point Likert scale. Qualitative observations
were analyzed using Atlas.ti 22.06 software, coding and classifying frequent comments.

In addition, Kendall’'s W coefficient was calculated to estimate the level of agreement
among judges, following the critical values proposed by [45]. As a criterion, items with
W > 0.150 and significance < 0.05 were prioritized.

In this phase, linguistic and conceptual corrections were made, eliminating ambiguous
or redundant items.

2.4.4. Phase 4 Pilot Study and Data Collection

Subsequently, a pilot study was conducted with preservice teacher education students
in Chile and Portugal. The questionnaire was administered online using the Google
Forms platform, after being translated and linguistically adapted into Portuguese and
reviewed by key informants at each institution. Incomplete or inconsistent questionnaires
were discarded.

The purpose of this pilot study was to obtain data for a preliminary estimate of
the construct validity and internal reliability of the instrument, which will be applied
during 2023.
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2.5. Data Analysis

SPSS (version 24) and Atlas.ti (version 22.06) software were used for data analysis.

First, a qualitative analysis was performed on the observations made by the expert
judges during content validation. For this purpose, Atlas.ti was used to code the comments
into categories related to the criteria of clarity, relevance, and suitability. This procedure
allowed for the identification of patterns, coincidences, and recurring recommendations
that guided the modification or elimination of certain items from the questionnaire.

Subsequently, quantitative analysis was performed using SPSS. First, descriptive
statistics (means, deviations, asymmetry, kurtosis, frequencies, and percentages) were
calculated to examine the characteristics of the sample and their responses to the items.

To assess content validity, Kendall’s W coefficient was applied to estimate the level of
agreement among judges on the criteria of clarity, relevance, and suitability. Items with
W values greater than 0.150 and significance equal to or less than 0.05 were considered
acceptable, in accordance with the critical points proposed by [45].

Regarding construct validity, an Exploratory Factor Analysis (EFA) was performed
using the principal component method with Equamax rotation. Previously, the adequacy of
the sample was verified using the KMO measure and Bartlett’s sphericity test, ensuring that
the correlation matrix was appropriate for factorization. The criteria for factor extraction
were eigenvalues greater than 1, analysis of the sedimentation graph, and factor loadings
equal to or greater than 0.30, following the recommendations of [46].

The internal reliability of the instrument was estimated using Cronbach’s alpha coef-
ficient, calculating the overall value. In addition, the effect of removing each item on the
overall coefficient was examined in order to detect possible elements that reduced internal
consistency. A value of o > 0.70 was adopted as the acceptability criterion, as indicated
by [47].

Finally, to test the hypotheses regarding the social determinants of the digital divide,
independence tests were applied using the likelihood ratio, establishing a significance level
of 5% (p < 0.05).

3. Results

In this section, we will present the results of the different validation processes for the
scale. First, we will analyze the content validity through expert judgment, then we will
present the construct validity through Exploratory Factor Analysis, then we will estimate
the internal consistency of the instrument by calculating Cronbach’s Alpha coefficient, and
we will conclude with a hypothesis test using the Likelihood Ratio technique.

3.1. Content Validity (Expert Judgment)

To evaluate content validity, the questionnaire was reviewed by a panel of 20 expert
judges [48] in educational technology and instrument design from 11 Ibero-American
countries. Each item was assessed on three criteria: clarity, relevance, and suitability,
using a five-point Likert scale with a minimum value of 1 and a maximum value of 5
(where 1 = Very weak, 2 = Weak, 3 = Sufficient, 4 = Strong, and 5 = Very strong). All items
were rated very positively in terms of clarity, suitability, and relevance, with average scores
above 4 out of 5 in most cases. This reflects that, in general, the judges considered the items
to be adequate and understandable for measuring the construct.

As part of the quantitative analysis, Kendall’'s W coefficient was calculated to estimate
the agreement between judges. According to the critical values established by [45], items
with W > 0.150 and asymptotic significance p < 0.05 were considered acceptable.

Regarding the degree of agreement, Kendall’'s W coefficient showed low levels of
agreement in most items, indicating some dispersion in the judges” individual and overall
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assessments. However, statistically significant agreement (p < 0.05) was obtained in eight
items: i5, i6, 19, 120, i21, 122, i25, and i29. In these cases, the judges agreed more consistently
in their assessments, reaching W coefficients between 0.150 and 0.300.

Overall, the results support the content validity of the instrument, as all items have
high means in the three criteria evaluated and, although the degree of agreement is not uni-
form, the presence of items with significant agreement and the overall positive assessment
allow us to conclude that the current version of the questionnaire is valid for application
(Table 2).

Table 2. Kendall’'s W by item.

Item Clarity M (DT)  Suitability M (DT) Relevance M (DT) Kendall's W x> gl 4
i1 4.70 (0.733) 4.65 (0.813) 4.65 (0.813) 0.017 0.667 2 0.717
i2 4.79 (0.657) 4.80 (0.523) 4.75 (0.550) 0.025 1.000 2 0.607
i3 4.85 (0.489) 4.70 (0.801) 4.75 (0.550) 0.020 0.800 2 0.670
i4 4.85 (0.489) 4.70 (0.801) 4.75 (0.550) 0.050 2.000 2 0.368
i5 4.05 (1.099) 4.50 (0.827) 4.60 (0.821) 0.175 7.000 2 0.030
i6 4.15 (1.348) 4.60 (0.995) 4.80 (0.523) 0.190 7.600 2 0.022
i7 4.65 (0.745) 4.55 (0.826) 4.80 (0.410) 0.058 2.333 2 0.311
i8 4.20 (1.240) 4.35 (0.988) 4.45 (0.887) 0.067 2.667 2 0.264
i9 4.10 (1.165) 4.65 (0.745) 4.65 (0.745) 0.300 12,000 2 0.002
i10 4.45 (0.999) 4.55 (0.826) 4.80 (0.523) 0.113 4.526 2 0.104
i11 4.45 (0.887) 4.65 (0.671) 4.75 (0.550) 0.088 3.500 2 0.174
i12 4.60 (0.995) 4.80 (0.616) 4.80 (0.616) 0.100 4.000 2 0.135
i13 4.70 (0.571) 4.75 (0.550) 4.75 (0.550) 0.050 2.000 2 0.368
i14 4.65 (0.813) 4.70 (0.657) 4.85 (0.366) 0.034 1.368 2 0.504
i15 4.80 (0.410) 4.90 (0.308) 4.80 (0.696) 0.050 2.000 2 0.368
il6 4.60 (0.754) 4.90 (0.308) 4.85 (0.366) 0.130 5.200 2 0.074
i17 4.65 (0.813) 4.85 (0.366) 4.75 (0.550) 0.050 2.000 2 0.368
i18 4.45 (0.999) 4.75 (0.639) 4.70 (0.657) 0.050 2.000 2 0.368
i19 4.45 (1.050) 4.65 (0.813) 4.60 (0.821) 0.012 0.500 2 0.779
i20 4.30 (1.261) 4.80 (0.616) 4.80 (0.616) 0.200 8.000 2 0.018
i21 4.00 (1.214) 4.45 (1.146) 4.45 (1.146) 0.300 12.000 2 0.002
i22 4.10 (1.252) 4.65 (0.875) 4.60 (0.995) 0.258 10.333 2 0.006
i23 4.55 (0.887) 4.80 (0.523) 4.80 (0.523) 0.100 4.000 2 0.135
i24 4.75 (0.716) 4.85 (0.366) 4.90 (0.308) 0.012 0.500 2 0.779
i25 4.65 (0.745) 4.90 (0.308) 4.90 (0.308) 0.150 6.000 2 0.050
i26 4.65 (0.813) 4.95 (0.224) 5.00 (0.000) 0.130 5.200 2 0.074
i27 4.65 (0.745) 4.85 (0.489) 4.90 (0.447) 0.140 5.600 2 0.061
i28 4.55 (0.887) 4.80 (0.523) 4.85 (0.489) 0.088 3.500 2 0.174
i29 4.35 (1.089) 4.70 (0.801) 4.70 (0.801) 0.150 6.000 2 0.050

Source: Authors’ elaboration.

However, given the cultural and linguistic diversity, wording adjustments were made
to eight items to improve their clarity and suitability for the context of application. As a
result, the final questionnaire consisted of 27 closed items and 2 open items, following the
suggestions received.

The overall results of the assessment show a high level of acceptance of the items, as
can be seen in Table 3, where ratings in the upper categories of the scale predominate.

Table 3. Distribution of expert judges’ ratings of the items.

Indicator Total Percentage
Very strong 1392 80%
Strong 166 9.5%
Sufficient 117 6.7%

Weak 62 3.6%

Very weak 3 0.2%

Total 1740 100%

Source: Authors’ elaboration.
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3.2. Exploratory Factor Analysis

To evaluate the construct validity of the questionnaire, an Exploratory Factor Analysis
(EFA) was applied using the principal component extraction method and Equamax orthog-
onal rotation with Kaiser normalization. This analysis was performed on the 87 sub-items
that make up the instrument.

Before factorization, the suitability of the data was checked using the KMO sam-
ple adequacy measure and Bartlett’s sphericity test. The KMO value obtained was
0.755, considered “meritorious” according to ref. [49], while Bartlett’s test was signifi-
cant (x2 = 12,245.920; gl =3741; p < 0.001), confirming the relevance of the factor analysis.

The EFA identified 20 components using the criterion of eigenvalues greater than 1,
which together explain 74.04% of the total variance (Table 4). However, the sedimenta-
tion graph (Figure 2) showed an inflection point in the seventh component, a criterion
that supports the retention of seven factors, which explain 50.09% of the cumulative
variance before rotation. After applying Equamax rotation, the distribution of variance
stabilized among the factors, reducing the initial concentration in the first components and
improving interpretation.

Sedimentation graph

Eigenvalue 6
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0

rrr o TrrrT v 1117 111 1717 17T 17T 17T 17T T T 7T 1T T 1T 1T T T1
1 4 7 101316 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 B2 85

Component number

Figure 2. Sedimentation graph.

Table 4. Total variance explained by the first 20 components.

Component Initial Eigenvalues % Variance % Accumulated
1 14.631 16.82 16.82
2 9.072 10.43 27.25
3 6.714 7.72 34.96
4 4.131 475 39.71
5 3.495 4.02 43.73
6 3.005 3.45 47.18
7 2.529 291 50.09
8 2.451 2.82 52.91
9 2.316 2.66 55.57
10 2.027 2.33 57.90
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Table 4. Cont.

Component Initial Eigenvalues % Variance % Accumulated
11 1.883 2.17 60.06
12 1.868 2.15 62.21
13 1.612 1.85 64.06
14 1.468 1.69 65.75
15 1.361 1.56 67.31
16 1.294 1.49 68.80
17 1.245 1.43 70.23
18 1.190 1.37 71.60
19 1.110 1.28 72.88
20 1.014 1.17 74.04

Source: Authors’ elaboration.

Analysis of the rotated component matrix (see annexes) identified seven main compo-
nents, which largely coincide with the conceptual dimensions proposed for the instrument.
Items were assigned to each component based on factor loadings > 0.30.

3.2.1. Component 1 (16.82% of Variance Explained): Human Rights Education and SDGs

Includes items P22.1, P22.2, P22.3, P22.4, P22.5, P22.6, and P22.7, all with loadings
greater than 0.68 (maximum in P22.2 = 0.837). These items address content on human rights
training and links to the Sustainable Development Goals (SDGs).

3.2.2. Component 2 (10.43% of Variance Explained): Digital Skills Training

This component groups items P20.1, P20.2, P20.3, P20.4, P20.5, and P20.6, with loadings
between 0.787 and 0.853. They assess aspects related to the preparation and updating of
students’ digital skills for teaching.

3.2.3. Component 3 (7.72% of Variance Explained): Sustainable Development Goals

This includes items P24.1, P24.2, P24.3, P24.4, P24.5, and P24.6, which have loadings
between 0.651 and 0.806. This component refers to the degree of use of virtual environments
and digital resources in academic practice.

3.2.4. Component 4 (4.75% of Variance Explained): Digital Hospitality

Mainly formed by items P27.1, P27.2, P27.3, P27 .4, P27.5, P27.6, P27.7, and P27.8, with
notable loadings in P27.5 (0.802) and P27.4 (0.784). It relates to the perception of inclusion
and openness in digital contexts.

3.2.5. Component 5 (4.02% of Variance Explained): Digital Citizenship

Composed of items P19.1, P19.2, P19.3, P19.4, P19.5, and P19.6, with loadings ranging
from 0.465 to 0.859. Assesses knowledge and practice of ethical and safe standards in
digital environments.

3.2.6. Component 6 (3.45% of Variance Explained): Variables Related to Advanced Digital
Skills and Context

Includes items such as P26.1, P26.2, P26.3, P26.4, P26.5, P26.6, P26.7, and P26.8, with
loadings between 0.490 and 0.747. These variables are linked to the concept of hospitality
and technological mediation in educational settings.

3.2.7. Component 7 (2.91% of Variance Explained): Acceptance of SDGs in
Educational Policies

This assesses the degree of agreement with the integration of SDGs into educational
policies and includes items 25.1 to 25.5, with loadings ranging from 0.455 to 0.684.
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3.3. Reliability

To estimate the internal consistency of the instrument, Cronbach’s alpha coefficient
was calculated considering the 87 sub-items that make up the scale. The overall result was
o =0.931 (standardized o = 0.936), which reflects a good level of reliability, according to the
criteria of [47], who establish values above 0.70 as acceptable for applied studies (Table 5).

Table 5. Reliability statistics.

N of
Sub-Items

0.931 0.936 87

Source: Authors’ elaboration.

Cronbach’s Alpha Cronbach’s Alpha Based on Standardized Items

The corrected item-total analysis showed that the elimination of any of the items does
not significantly improve the overall Alpha (see annexes), since the values observed in the
column “Alpha if the item is eliminated” ranged from 0.929 to 0.932. This confirms that all
items contribute positively to the internal homogeneity of the instrument.

Regarding the distribution of scores, the means per item ranged from 1.64 (P19.3)
to 4.67 (P13.4), with standard deviations between 0.70 and 1.73. Some cases of negative
asymmetry (e.g., P13.4, P25.5, and P27.6) and high kurtosis in items such as P13.4 (6.545)
and P27.2 (8.694) were identified, indicating that the scores for these items are around the
high values.

These results confirm that the instrument has high internal consistency, ensur-
ing accuracy in measuring the social determinants of the digital divide in preservice
teacher education.

3.4. Hypothesis Testing
3.4.1. By Family Income Range

A statistically significant association was found between family income range and
computer connection (RV = 28.607; p = 0.027), indicating that the quality of the com-
puter connection is influenced by socioeconomic status. Households with incomes below
$200/€200 account for 62.1% of category 1, while at the highest levels (>%$2000/€2000),
66.7% fall into category 5, reflecting a marked digital divide.

The relationship between household income and tablet connection was statistically
significant (RV = 27.873; p = 0.033), with a clear linear association (p < 0.001). As income
increases, the presence in lower categories decreases and category 5 increases, reaching
83.3% in households with incomes above $2000/€2000. This shows that the quality of
connectivity for tablets depends on socioeconomic status.

The consumption of streaming or music services showed a significant relationship
(RV = 29.070; p = 0.023). Households with higher incomes show a higher frequency
of use (66.7% in the “Always” category), compared to low levels, where intermediate
categories predominate.

A significant relationship was found between family income and frequency of use
of audiovisual editing applications (RV = 29.150; p = 0.023). People with low incomes
concentrated their responses in intermediate categories (41.4% in category 3), while middle-
income levels showed greater diversity and presence in high categories, indicating better
conditions for the development of specific technological skills.

3.4.2. By Type of Locality

The likelihood ratio analysis showed a significant relationship between the type of
locality and the frequency with which students receive training in gender issues (P22.1)
(VR =28.501; p = 0.005).
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Urban areas account for the highest categories (4 and 5), with 59.2% and 77.8%,
respectively. Semi-urban localities account for 37% in the highest category, while rural
areas show the opposite pattern: 28.6% in the lowest category and only 4.8% in the highest.

Therefore, training in gender mainstreaming is uneven, with limited access in
rural contexts.

A significant association was also found between place of residence and the frequency
of training on the inclusion of people with disabilities (RV = 23.896; p = 0.021). Urban areas
have high values in categories 4 and 5 (70.0% and 63.0%), followed by semi-urban areas
(25.9% in category 5). In rural areas, low levels predominate: 19.0% in category 1 and only
9.5% in category 5.

The relationship between the type of locality and intercultural training was significant
(RV = 32.455; p = 0.001). In urban environments, category 4 stands out with 88.9% and
category 5 with 57.4%. Semi-urban areas show 40.7% in the highest category, although
there is no presence in category 4. In rural areas, the percentages are concentrated in low
categories (28.6% in categories 1 and 2).

Training on access to information and the internet as a right (P22.6) reached statistical
significance (RV = 21.545; p = 0.043). Urban areas account for 80% and 63.3% in categories 4
and 5, respectively, while in rural areas only 9.5% reach the highest category and 19.0% are
in the lowest category.

A significant association was found between location and environmental education
(RV = 23.558; p = 0.023). Urban areas account for categories 4 and 5 (22.6% and 36.8%),
while in semi-urban areas category 5 stands out with 40.7%. Rural areas show a higher
percentage in lower categories (14.3% in category 1 and 33.3% in category 2).

Likewise, a significant association was found between the type of locality and training
on SDG 4 (RV =29.023; p = 0.004). Urban areas account for more than 56% in high categories
(4 and 5), while semi-urban areas account for 44.4% in category 4 and none in category 5.
Rural areas are distributed across intermediate categories.

3.4.3. By Gender

The likelihood ratio analysis showed statistically significant differences in two of the
items evaluated:

P17.3. Frequency of online video game use (LR = 25.223; p = 0.001).

P19.5. Participation in sports or entertainment organizations through digital tools
(RV =17.351; p = 0.027).

Regarding the use of online video games (P17.3), the results show that males use
them more frequently. Specifically, 45.8% of men fall into category 2 (occasional use), and
20.8% fall into category 5 (very frequent use), while females are concentrated in category 1
(58.2%), i.e., they never play online, with very low presence in high-frequency categories.
This shows a clear difference in online video game consumption patterns between men
and women.

On the other hand, in digital participation in sports or recreational organizations
(P19.5), a different behavior is also observed. Among men, 25.0% fall into category 4
(frequent participation) and 12.5% into category 5 (always participating), while among
women, category 1 predominates (48.1%), indicating a lack of participation in this area.

In relation to human rights, variable P23.5, which investigates the degree of agreement
with the statement “Everyone should pay for their own internet connectivity,” showed
significant differences (RV = 16.557; p = 0.035). Men were concentrated in the extreme
categories, with 33.3% in category 1 (total disagreement) and another 33.3% in category 3,
while only 4.2% were in category 4 (agreement). Women, on the other hand, showed a more
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homogeneous distribution, with 32.9% in category 2 and 17.1% in category 4, suggesting
greater openness to individual co-responsibility.

Something similar occurred with variable P25.5, “All universities should commit
to the SDGs in preservice teacher education,” which was also significant (RV = 16.640;
p = 0.034). Although both genders showed a high level of consensus, with a predominance
in category 5 (total agreement), women expressed a slightly higher level of commitment:
71.5% selected this category compared to 58.3% of men.

On the other hand, in the training dimension, variable P20.6, related to the frequency
with which students receive training for the development of digital skills, showed signifi-
cant differences (RV = 17.293; p = 0.027). While 50% of men were in category 3 (sometimes)
and 29.2% in category 4, women were distributed more heavily in the higher categories,
reaching 25.3% in category 5 (always).

No statistical significance was found with the rest of the sociodemographic variables.

Beyond their statistical significance, the results obtained in this study provide insight
into the structural nature of the digital divide in pre-service teacher education. The ob-
served associations between socioeconomic status and access to connectivity, as well as
between geographic location and training opportunities in areas such as gender, disability,
and interculturality, indicate that digital inequalities are not merely technical but deeply
embedded in broader social conditions. Similarly, gender-related differences in patterns
of digital use and training frequency reflect differentiated trajectories of digital participa-
tion that may reproduce existing social roles and expectations. From this perspective, the
statistical findings underscore the need to interpret the digital divide as a multidimen-
sional and socially determined phenomenon, with direct implications for the design of
inclusive teacher education policies aimed at reducing inequality and promoting equitable
digital participation.

4. Discussion

The Digital Hospitality Scale for the analysis of the social determinants of the digi-
tal divide in preservice teacher education (DSBD-HD-FID) demonstrated psychometric
robustness in its pilot phase, with adequate levels of validity and reliability [40,47]. Factor
analyses confirmed the relevance of the proposed theoretical dimensions, and internal
consistency exceeded the criteria accepted in the literature, supporting its use as an initial
diagnostic tool [46,49].

The results showed that the economic factor is one of the main determinants, directly
affecting the quality of connectivity and access to digital resources [24]. Likewise, geograph-
ical location showed significant differences in the training received in areas such as gender,
disability, and interculturality, to the detriment of students in rural areas [28,29]. Gender
gaps were also found in the recreational use of technologies and in digital participation,
although with nuances regarding the frequency of training received in digital skills, where
women reported greater involvement [37].

Compared to other studies, the findings confirm previously documented trends. Re-
search in pandemic contexts had already pointed to the relationship between socioeconomic
status and access to devices or connectivity, as well as urban-rural differences in digital
training [22,30]. The scale validated here, however, allows for the integration of dimensions
that are often addressed in a fragmented manner, such as the intersection between gender,
disability, and interculturality, into a single instrument, expanding the possibilities for
analysis and aligning with recent proposals that call for a comprehensive understanding
of the digital divide in education [34,36]. In this sense, the evidence obtained is consis-
tent with studies that highlight the need to go beyond measuring access and basic use,
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moving toward an approach that considers the differential benefits derived from digital
participation [3,25].

The added value of this research lies in the incorporation of digital hospitality as a
measurable construct [44]. The scale not only diagnoses inequalities, but also introduces a
novel perspective that articulates technological inclusion, human rights education, and sus-
tainable development goals [14-17]. Digital hospitality offers a framework that transcends
the deficit paradigm of the digital divide, placing the issue in the realm of openness, recog-
nition of diversity, and social justice. This advance represents a significant contribution to
the discipline, as it opens up the possibility of empirically evaluating an emerging concept
and, at the same time, potentially applying it in education and training policies [50].

Finally, the results of this study suggest that reducing digital divides in preservice
teacher education cannot be limited to technical or instrumental interventions. It involves
rethinking digital skills training from a techno-pedagogical, ethical, and social frame-
work [21,35], in which digital hospitality is presented as a guiding principle to ensure
inclusion and equity. With a view to contributing to education and society in general, this
proposal helps to highlight structural inequalities and promote strategies that recognize
cultural, gender, generational, and functional diversity in the digital age [27,36]. The DSBD-
HD-FID scale thus constitutes another step toward consolidating a more inclusive and
teacher-transfer approach in research and educational practice, with the potential to guide
curricular and public policy decisions.

From an applied perspective, digital hospitality can be operationalized in pre-service
teacher education as a transversal framework guiding both curricular design and institu-
tional decision-making. In practice, this involves embedding inclusive digital principles
into teacher training programs, linking digital competence development with equity, ac-
cessibility, and recognition of social diversity. This may include structured training in
inclusive digital practices, ethical and responsible technology use, accessibility for students
with disabilities, and intercultural awareness in digital environments. At the policy and
curricular levels, digital hospitality provides a coherent framework for aligning teacher
education programs with human rights education and the Sustainable Development Goals,
supporting the development of study plans that explicitly address structural digital in-
equalities. In this sense, the proposed scale functions as a diagnostic tool that can inform
evidence-based curricular adjustments and policy-oriented decisions without prescribing
fixed models, allowing adaptation to diverse educational contexts.

Although the present study does not aim to establish causal relationships, the sig-
nificant associations identified between family income, gender, geographic location, and
technological connectivity can be interpreted in light of broader structural conditions. So-
cioeconomic status appears to condition access to stable connectivity and digital resources,
reflecting persistent inequalities in material and infrastructural opportunities. Geographic
differences may be linked to territorial disparities in digital infrastructure and access
to training opportunities, particularly affecting students in rural or non-urban contexts.
Gender-related differences in patterns of digital use and connectivity may reflect socially
mediated trajectories of digital participation shaped by cultural norms and differentiated
expectations. Taken together, these findings suggest that the digital divide observed in
pre-service teacher education is embedded in wider social structures, reinforcing the need
for inclusive and context-sensitive approaches in teacher training and educational policy.

5. Conclusions

The research question for this study addressed how to identify and measure the social
determinants of the digital divide in initial teacher training through a framework that
integrates digital hospitality, human rights education, and the Sustainable Development
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Goals. The construction and validation of the DSBD-HD-FID scale allowed these principles
to be operationalized in an empirical instrument capable of revealing social inequalities
that affect the digital exclusion of students in teacher training.

The results of the pilot study in Chile and Portugal showed that the digital divide
in this context cannot be understood solely in terms of access to devices or connectivity,
but rather responds to multiple social and technology use factors, even more so with the
emergence of artificial intelligence in recent years. Digital hospitality is a key concept for
analyzing how digital literacy is achieved from a perspective of social justice, participation,
equity, and critical thinking.

Despite its value in terms of its holistic view, the study has limitations. The application
of the scale in only two countries, although it is a pilot study, and its cross-sectional design
restrict the generalization of the findings, so we cannot speak of causality. In addition, the
lack of intersectional analysis limits our understanding of how variables such as gender,
disability, or linguistic diversity are intertwined in shaping the digital divide.

Future research should expand the use of the scale to diverse sociocultural contexts,
incorporate longitudinal designs, and deepen the analysis of the ethical dimensions of
digital hospitality.

In summary, the study demonstrates that measuring the digital divide in initial teacher
training requires a critical and comprehensive approach that not only quantifies access
but also evaluates the conditions for meaningful and equitable participation in virtual
learning environments.
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