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ABSTRACT

The rapid advance of Information and Communication Technologies (ICT) represents a crucial challenge and opportunity
for contemporary society. These tools have not only transformed the way people communicate and work, but have also
redefined pedagogical paradigms, posing new demands and possibilities for education systems. The incorporation of the-
se resources in the classroom promotes educational equity and quality, preparing students with functional diversity for
anincreasingly digitalized world and favoring accessible, innovative and inclusive teaching-learning processes. The aim of
this study is to evaluate a scale to measure prospective teachers knowledge of ICT applied to educational inclusion using
the Graduated Response Model (GRM). A psychometric study was carried out on a non-probabilistic sample of 684 univer-
sity students of the Degree in Primary Education from different andalusian public universities, using a reduced version of
the Knowledge Scale of ICT applied to people with disabilities by Cabero-Almenara et al. (2016). The data reflect significant
diversity in participants knowledge of ICT applied to people with disabilities. In addition, the accuracy in estimating latent
scores supports the validity of the measurement instrument. The results indicate that the scale used is not only effective in
measuring the average knowledge of the participants, but it is also capable of detecting significant variations among indivi-
duals. Therefore, it is concluded that this scale is a useful predictive tool for identifying training deficiencies and designing
training programs that respond to these needs.

KEYWORDS GRM; diagnostic instrument; ICT; inclusion; initial teacher training.
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RESUMEN

El rapido avance de las Tecnologias de la Informacién y la Comunicacién (TIC) representa un desafio y una oportunidad
crucial para la sociedad contemporanea. Estas herramientas no solo han transformado la manera en que las personas
se comunican y trabajan, sino que también han redefinido los paradigmas pedagdgicos, planteando nuevas exigencias
y posibilidades para los sistemas de ensefianza. La incorporacion de estos recursos en las aulas promueve la equidad y
calidad educativa, preparando a los estudiantes con diversidad funcional para un mundo cada vez mas digitalizado y fa-
voreciendo procesos de ensefianza-aprendizaje accesibles, innovadores e inclusivos. El objetivo de este estudio es evaluar
una escala para medir el conocimiento de los futuros docentes sobre las TIC aplicadas a la inclusion educativa mediante el
Modelo de Respuesta Graduada (MRG). Se ha llevado a cabo un estudio psicométrico sobre una muestra no probabilistica
de 684 estudiantes universitarios del Grado en Educacion Primaria de diferentes universidades publicas andaluzas, utili-
zando una version reducida de la Escala de Conocimiento de las TIC aplicadas a las personas con diversidad funcional de
Cabero-Almenara et al. (2016). Los datos reflejan una diversidad significativa en el conocimiento de los participantes sobre
las TIC aplicadas a personas con diversidad funcional. Ademas, la precision en la estimacion de las puntuaciones latentes
respalda la validez del instrumento de medicidn. Los resultados indican que la escala empleada no solo es efectiva para
medir el conocimiento promedio de los participantes, sino que también es capaz de detectar variaciones significativas
entre individuos. Por tanto, se concluye que esta escala es una herramienta predictiva Gtil para identificar deficiencias
formativas y disefiar planes de estudios que respondan a estas necesidades.

PALABRAS CLAVE MRG; escala de medicién; TIC; inclusién; formacién inicial docente.

1. INTRODUCTION

The need to adapt to a constantly changing world, where Information and Communication Technologies
(ICT) have a prominent relevance, is presented as one of the main goals of today’s society. Educational dig-
ital tools can be configured to provide learning resources at different levels of difficulty and in various for-
mats (audio, text, video, etc.), so as to ensure the principles of accessibility and adaptability so that each
student can access the content in a way that is understandable and manageable, following the Universal
Design for Learning approach (Parody-Garcia et al., 2022; Vigo, 2021). In addition, technology plays a funda-
mental role in the development of digital and communication skills for students with functional diversity,

while favoring their autonomy, motivation, academic performance and integral development.

The integration of ICT in education has meant the reformulation of teaching approaches, establishing
the updating of teaching and the modification of the curricula of future teachers as elementary factors to
ensure that technologies have a positive impact on the teaching-learning processes of all learners, includ-
ing students with functional diversity (Morifia, 2020; Parra & Agudelo, 2020; Vigo, 2021). In this context, the
United Nations Educational, Scientific and Cultural Organization [UNESCO] (2019) has presented a reference
framework for teacher professional development with digital competences standards that allow countries
to offer a comprehensive view of ICT in education, addressing them from six dimensions (understanding the
role of ICT in education policy, curriculum and assessment, pedagogy, digital competences, organization
and management, and teacher professional learning) in three progressive stages (knowledge acquisition,
knowledge deepening and knowledge creation). These competences can be described as the combination

of knowledge, skills and attitudes towards technologies that teachers must acquire and put into practice in
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order to optimize their professional work from a critical, creative, innovative and inclusive paradigm (Nation-

al Institute of Educational Technologies and Teacher Training [INTEF], 2022).

The development of technological skills in teachers should be promoted from their initial training, consid-
ering that this training should focus on an epistemological, theoretical and practical foundation that also con-
templates the acquisition of attitudinal and procedural competences focused on achieving quality inclusive
education (Kerexeta-Brazal et al., 2022; Recio-Muioz et al., 2020; Ripoll-Rivaldo, 2021). These competences,
according to Almerich et al. (2020), are classified into technological competences, referring to the skills that
enable the mastery of digital tools; pedagogical competences, which are related to the use of technological re-

sources to carry out training or academic tasks; and ethical competences, linked to the appropriate use of ICT.

The process of pedagogical innovation must transcend from the promotion of basic digital skills to the
development of specific technological competences that favor the creation of optimal learning environments
adapted to the needs, characteristics and interests of all students. Along these lines, Cabero-Almenara and
Martinez (2019) point out that ICT training is gradual and takes time to consolidate the knowledge and skills

needed to carry out innovative educational practices.

Tejedor et al. (2009) argue that teachers can show different attitudes towards the use of ICT: interest in tech-
nology (technophilia) or, on the contrary, rejection of its use (technophobia). Hence the importance of making

teachers aware of the importance of using ICT for didactic and inclusive purposes from their initial training.

Several studies related to the integration of ICT in initial teacher education examine how content and train-
ing in digital competence are being addressed, share enriching experiences for the transformation of training

practices and reflect on key changes to improve teacher education (Ari et al., 2022; Pinto-Santos et al., 2023).

Following an extensive review of the literature, a number of models on the development of teachers’
digital competences have been analyzed which emphasize that it is a progressive and multifaceted process.

The most prominent of these are:

+ Hooper and Rieber’s (1995) model: it envisages five phases in the process (familiarization as the
initial stage of learning ICT outside the classroom, incorporation of what has been learned into the
school context, integration as decision-making for technology-mediated activities, reconsideration of
teaching praxis in terms of ICT possibilities and students’ needs/characteristics and, finally, continuous
familiarization, which is based on the recognition that there are always new ICT solutions and the

adoption of new decisions).

DIAGRAM 1. Hooper and Rieber’s model (1995)

Hooper and
Rieber's (1995)

1. Familiarization 2. Utilization 3. Integration 4. Reorientation 5. Evolution

+ Krumsvik’s model (2014): determines four stages to achieve optimal digital competence (basic digital

skills, ICT teaching skills, learning strategies ICT and digital construction).

CD | INNOEDUCA




Innoeduca. International Journal of Technology and Educational Innovation
Lucia Maria Parody Garcia, Juan José Leiva Olivencia, Dolores Pareja de Vicente y Antonio Matas Terrdn

DIAGRAM 2. Krumsvik’s model (2014)

Krumsvik's (2014)

1. Basic digital skills

3. Learning strategies

2. ICT teaching skills IcT

4. Digital
construction

« Mishra and Koehler’s model (2006): this is a model that has gained some traction in recent years,

known as Technological Pedagogical Content Knowledge (TPACK). It is based on the acquisition of

three types of basic knowledge (technological, pedagogical and content knowledge). This approach

argues that such knowledge should be acquired in combination (pedagogical content knowledge,

knowledge of the use of technologies, technological pedagogical knowledge, and technological,

pedagogical and content knowledge).

DIAGRAM 3. Mishra and Koehler’s model (2006)

Technological Pedagogical Knowledge

Mishra and Koehler’s (2006)

Technological Pedagogical
Content Knowledge

Techngdlogical
Knowledge

Technological Content Knowledge

Ceontent
Knowledge

Pedagogical
Knowledge

Pedagogical Content Knowledge

Taking the aforementioned models as a reference, Cabero-Almenara and Martinez (2019) mention the

following aspects to bear in mind in ICT teacher training: training actions should not be limited to tradition-

al approaches or focus solely on technological aspects, so they should be approached from different and

transversal perspectives to be more effective; training should consider various dimensions (instrumental,

semiological/aesthetic, curricular, pragmatic, psychological, producer/designer, selector/evaluator, critic,

organizer, attitudinal, and researcher) and reflection on professional performance should be encouraged.
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The teacher training framework should therefore include a series of competences that can be summa-
rized as follows: a predisposition towards cooperative work and curricular flexibility, technical and didactic
management of ICT, attention to diversity, organizational skills and the ability to adapt to change (Almerich
et al., 2020; Kerexeta-Brazal et al., 2022; Laiton et al., 2017). While it is true that teacher training in the knowl-
edge and appropriate use of ICT is essential, the importance of the provision of technological resources by
educational institutions in order to offer innovative and inclusive education should not be overlooked (Gal-
lardo-Montes et al., 2023; Pegalajar, 2017).

The aim of this study is to evaluate an instrument (scale) to measure prospective teachers’ knowledge
of ICT applied to educational inclusion using the Graded Response Model (GRM). More specifically, we set
out the following specific objectives: 01) to evaluate the psychometric properties of the scale; and 02) to

determine the effectiveness of the items in discriminating between different levels of knowledge.

This study is part of a larger research project analyzing teacher training in the development of digital
competences applied to inclusive education (Parody-Garcia, in press).

2. MATERIAL AND METHOD

Aresearch process has been carried out, sometimes TABLE 1. Sample characteristics
considered within analytical designs (Colas-Bravo & .
Age: media=20.39 (D.T.=4.285).
Buendia-Eisman, 1998) although it undoubtedly cor-
Male: 176
responds to a psychometric study (Romero-Martinez Sex:
Female: 508

& Ordoéiiez-Camacho, 2015) on a non-probabilistic U. Granada: 161

sample of 684 university students of the Degree in University U. Malaga: 476

. . . . of origin:
Primary Education from different Andalusian pub- Other Andalusian universities: 47
lic universities (UMA, UGR, UAL, UJA, UCA, UCO, US, Acronyms: U.= University; T.D. = Standard Deviation

UHU). Table 1 shows the socio-demographic charac-

teristics of the sample.

Data collection was carried out during the 2022-2023 academic year, specifically during the months of
January to June 2023. To this end, university teachers from different Andalusian public universities who
teach different courses and groups of the Primary Education Degree were contacted by e-mail. A letter
of introduction was sent to them detailing the purpose of the study and requesting their collaboration
in order to distribute the questionnaire among their students (in the case of the University of Malaga, we
attended the classes of the lecturers who showed their interest in the study and allowed them to spend
some time in their session for the dissemination and completion of the questionnaire by the students).
It should be noted that in the same link as the questionnaire, the informed consent document was at-
tached, in which the ethical principles and confidentiality of the research, as well as the rights of the

participants, are included.

The instrument used was a reduced version of the ICT Knowledge Scale applied to people with functional

diversity by Cabero-Almenara et al. (2016), the purpose of which was to find out the level of training and
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knowledge of students studying for a Primary Education Degree in Spain on this subject. Specifically, it
was applied to a non-probabilistic sample of 533 university students from several Spanish universities
(Universities of the Basque Country, Cantabria, Cordoba, Huelva, Alicante, Murcia, Malaga, Balearic Is-
lands, Santiago de Compostela, Jaen and Seville). The authors elaborated a Likert-type scale of 73 items,
of which 18 refer to the technical-didactic mastery of different technologies and 55 are based on the as-
sessment of the use of ICT for people with functional diversity. In this article, we focus on the 12 general

items of the latter group (see table 2).

The results of the study of these authors obtained a Cronbach’s alpha of 0.992 points and identified 6
subscales that would explain 78.073% of the variance: general scale, visual scale, auditory scale, cognitive
scale, motor scale and accessibility scale. These values can be consulted in the articles published by the
authors (Cabero-Almenara et al. 2016) where they explain in detail the construction and validation process,
including the goodness-of-fit indices of the models (e.g. KMO and similar) as well as the different analytical
procedures from the Classical Test Theory (CTT).

Only the general scale has been used for this study as: a) it includes substantially fewer items, b) it pro-
vides a general measure of knowledge allowing it to be used as a screening test for an initial assessment,

and c) the scale items are considered to be unidimensional (see table 2).

TABLE 2. General scale items

« V15: 1 have general knowledge about the possibilities that ICTs offer to people with disabilities.
« V16: | can select specific ICTs according to the physical, sensory and cognitive characteristics of different people.

« V17: | am able to provide information on the possibilities of ICT for the labor market integration of people with
different types of disabilities.

« V18: | am aware of different books that are specifically dedicated to the analysis of the possibilities of ICTs for
people with different types of disabilities.

« V19:1am aware of different educational experiences of applying ICT for people with different types of disabilities.
« V20: I am familiar with mobile applications in relation to subjects with special educational needs.
« V21:1am aware of the main limitations that may condition the use of ICT by learners with disabilities.

« V22: | know different places on the Internet where | can find educational materials for people with special
educational needs.

« V23:1In general, | feel prepared to help the student with certain disabilities in the use of technical aids and the use
of ICT.

« V24:|can design activities with generalized educational software for learners with special educational needs.
« V76:1am aware of the problems and the importance of different types of disabilities for the use of ICT.

« V77: 1 consider myself competent in locating educational materials for learners with specific educational support
needs on the web.

To achieve the proposed objectives, a psychometric analysis was carried out from the perspective of
Item Response Theory or IRT (Baker & Kim, 2004; Van der Linden & Hambleton, 1997). This approach en-
compasses a series of models designed to explain the connection between an unobservable skill, trait or

competence such as domain knowledge and its observable indicators, the responses given to a set of items.
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Unlike TCT, which focuses on composite scores and linear regression, IRT focuses on response patterns and

considers them in probabilistic terms. This approach takes into account:

+ Item discrimination: the ability of an item to distinguish between individuals with different levels of
knowledge.

« Item difficulty: the level of knowledge at which 50% of respondents are expected to answer an item
correctly, indicating the probability of a correct response.

+ Additional parameters: depending on the specific IRT model, parameters such as guessing probability
may also be considered.

Assessing item difficulties is crucial to align the test with the knowledge levels of the target population
and to ensure full coverage of the knowledge range. Therefore, IRT models offer several advantages over
TCT models, such as allowing the construction of scales that differentiate optimally between high and low
cognitive individuals, while allowing scales to have fewer items than other psychometric approaches. Thus,
although IRT was developed on tests of dichotomous items, a generalization of the procedure for polyto-
mous items is available as the Graded Response Model (GRM), which was developed by Samejima (1969).

Specifically, the following analyses have been carried out in this study using this GRM approach:

« Analysis of the unidimensionality of the scale: this is a preliminary step in the application of IRT
models. This can be done in many different ways: exploratory factor analysis, principal component
analysis, correspondence analysis, or even simply inter-item correlation (Rizopoulos, 2006). Among
the different ways of analyzing unidimensionality, Principal Component Analysis was chosen (Chou
& Wang, 2010; Wismeijer et al., 2008). For the assessment of model fit, the Root Mean Square of
Residuals (RMSR) was taken into account, which always gives, whatever the estimated model and
solution, a reference value of 0.05 (Harman, 1976); the Tucker-Lewis Index (TLI), where values above
0.95 indicate a good fit (Bentler, 1990); and the root mean square error of approximation (RMSEA),
where values less than 0.05 indicate a good model fit and values up to 0.08 represent a reasonable
error of approximation to the population (Browne & Cudeck, 1993). For a detailed discussion of these
issues, see Ferrando et al. (2022). These values should be interpreted in context with the nature of the
data, being considered as a whole and in relation to the construct or theoretical model (Lorenzo-Seva
et al., 2011). In this way, the cut-off points established by the authors are benchmarks that provide
guidance on goodness of fit and are interpreted flexibly (Lai & Green, 2016).

« Parameter estimation for each item: discrimination and difficulty parameters were estimated for each

item, including response thresholds to determine the corresponding proficiency levels.

+ Assessment of model goodness-of-fit: model fit was verified using indices such as log-likelihood, Akaike

Information Criterion (AIC) and Bayesian Information Criterion (BIC), ensuring model fit to the data.

+ Information function analysis: the information function of the test was analyzed to assess the precision

of the estimates along the latent trait continuum, identifying the areas of highest precision.

+ Review of bivariate margin calls: bivariate margin calls were reviewed to identify problems of fit

between pairs of items, highlighting those with a significant lack of fit.
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It should be noted that the [tm package (Rizopoulos, 2006) implemented in R (R Core Team, 2022) was

used for the entire analysis.

3. RESULTS

In the following sub-sections, the results are organised on the basis of the objectives defined in this study.

3.1. To assess the psychometric properties of the scale

As noted above, a preliminary step in applying IRT is the verification of the assumption of unidimensionality.
On this occasion, this phase was started with a principal component analysis (PCA) followed by an explorato-
ry factor analysis (EFA). The suitability of the data set for these procedures was assessed by means of the Kai-
ser-Meyer-Olkin KMO test (which was 0.94) and Bartlett’s test of sphericity (which was statistically significant
X?=5249.695 with 66 degrees of freedom, being p<.001), thus supporting the application of these analyses.
In this study, with the sample under analysis, the PCA results show that the first principal component (PC1)
explains 57% of the total variance of the items. The items have standard loadings on the first component
ranging from 0.58 to 0.83, suggesting a good contribution of most of the items to the unidimensional factor.
The root mean square root of residuals (RMSR) value was 0.08, with a chi-square of 517.92 and a probability

p <.001, indicating that a one-component model provides a basic, but reasonably adequate.

To complement the PCA, an exploratory factor analysis (EFA) was conducted using the least squares
method. The results of the EFA indicate that the first factor explains 53% of the total variance, with a sum of
squared loadings of 6.41. The factor loadings of the items in the first factor vary between 0.54 and 0.82, which
confirms a good contribution of the items to the unidimensional factor. On the other hand, the RMSR was
0.06, with an empirical chi-square of 380.16 and a probability p <.001, while the Tucker Lewis fit index (TLI)
was 0.853 and the RMSEA index was 0.13, with 90% confidence intervals between 0.121 and 0.139. These re-
sults suggest that the fit is mediocre, however, it is assumed to be useful to the extent that: the 2-component
model presented a worse fit, the deviations from the optimal cut-off points are not extreme, and further-

more, the model is consistent with the theoretical validity of the original instrument.

3.2. Determine the effectiveness of the items in discriminating between different levels
of knowledge

In addition, a categorical principal components analysis (Princals) was performed to examine the structure
of the items. The results show that the first eigenvalue is 6.91, confirming the existence of a dominant factor
that explains a significant part of the variance. The loss value was 0.668 after 27 iterations, indicating good
convergence of the model. However, it can be observed in Figure 1 that two variables (V76 and V77) move

away from the rest, which could suggest that these items affect the lack of a better model fit.
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In any case, this evidence indicates that FIGURE 1. Categorical principal components

unidimensionality of the scale cannot be Cargas escala

ruled out and the use of Item Response Theo-

ry (IRT) models is justified. <
[=]
The Graded Response Model (GRM) was o
fitted to the data to assess the psychometric =
properties of the scale. The maximum like- S

lihood indices (log., Lik=-11699.62 ; g.|1=84)
AIC (23567.24) and BIC (23947.59) indicate
that the model fits the data adequately,

Component 2
-0.2
l

=
maintaining a balance between accuracy 3
and model complexity. g -
Table 3 shows the estimated parameters o |
for each item, including discrimination values 7 0!0 0!5 1!0
(Dscrmn) and response category thresholds
Component 1
(Extrmt).
TABLE 3. Parameters of MRG items
Item Discrimination Threshold 1 Threshold 2 Threshold 3 Threshold4  Threshold 5 Threshold 6
V15 1.633 -2.213 -1.179 -0.383 0.457 1.398 2.420
V16 2.432 -1.302 -0.481 0.109 0.813 1.639 2.345
V17 2.668 -1.198 -0.407 0.274 0.857 1.566 2.420
V18 2216 -0.021 0.610 1.063 1.660 2.252 2.947
V19 2.756 -0.765 -0.035 0.506 1.139 1.749 2.720
V20 2.287 -0.692 0.026 0.510 1.126 1.845 2.776
V21 2.469 -1.153 -0.287 0.338 0.955 1.628 2.370
V22 2.254 -1.012 -0.173 0.418 1.060 1.676 2.419
V23 2.519 -0.958 -0.124 0.503 1.133 1.758 2.360
V24 2.146 -0.203 0.523 1.062 1.662 2.340 3.213
V77 1.180 -0.675 0.295 1.022 1.795 2.678 3.659
V76 1.354 -0.406 0.444 1.177 1.862 2.546 3.330
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It can be observed that most of the items have high discrimination values, with items such as V16 (2.432),
V17 (2.668), and V19 (2.756) making them stand out in terms of their ability to differentiate between people
with high and low levels of knowledge.

With respect to the item thresholds, it is observed that they are well distributed along the latent trait
(knowledge) continuum, indicating that the items can capture a wide range of proficiency levels. For exam-

ple, item V15 has thresholds ranging from -2.213 to 2.420, covering a wide range of difficulty.

An analysis of the information function of the model was then carried out to assess the accuracy of the
scale at different levels of competence in order to get an overview of how much information the items pro-

vide in the various parts of the knowledge continuum of the participants.

The total information provided by the scale is 88.98. Of this, 86.89 information units, representing
97.65% of the total, are in the -4 to 4 range on the latent trait continuum. The fact that almost all the in-
formation is concentrated in the -4 to 4 range indicates that the scale is extremely accurate in measuring

knowledge within this interval.

To visualise the accuracy of the test at different proficiency levels, the graph (Figure 2) of the informa-
tion function of the Graduated Response Model (GRM) was generated. This graph shows how the amount
of information provided by the items varies along the knowledge continuum. The peaks in the graph indi-
cate where the scale is most informative and therefore most accurate at those levels. This means that the
scale has a high ability to discriminate between individuals in those specific ranges. Furthermore, the high
amount of information in the central range suggests that the scale’s estimates of participants’ knowledge

will be accurate and reliable for most participants.

FIGURE 2. Graph of the information function of scale
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The analysis of the factor scores and item responses provides a comprehensive picture of the level of
knowledge about ICT used with people with functional diversity in the sample studied. The mean latent
score is approximately -0.021, suggesting that, on average, participants have a level of knowledge close to
the mean of the latent trait. The latent scores range from -2.32 to 3.68, indicating a wide dispersion in knowl-
edge levels among participants.

The mean standard error is 0.236, suggesting high precision in the estimation of latent scores. Standard
errors range from 0.061 to 0.496, indicating that most estimates of latent scores are fairly accurate. A low
standard error is necessary to ensure the reliability of the measurements, as it suggests that the estimates

of the latent scores are consistent and replicable.

These results reflect a significant diversity in the participants’ knowledge of ICT applied to people with
functional diversity. The wide variation in latent scores may imply the need to generate and/or design train-
ing plans that address digital teaching competences for educational inclusion. Furthermore, the accuracy in
estimating latent scores supports the validity of the measurement instrument, indicating that it is adequate
to capture the subtleties and nuances of knowledge in this specific area.

4. DISCUSSION

A psychometric analysis based on IRT has been carried out that resolves some of the limitations of Classical
Test Theory when validating instruments. In addition, it is necessary to take into account some limitations
that the validation process had in its original publication. Thus, the high internal consistency of the original
scale (Cabero-Almenara et al., 2016) suggests an excessive internal consistency that may suggest the exist-
ence of a redundancy problem in the measure (Panayides, 2013). The latent structure was identified from
a Principal Component Analysis, to whose results matrix they applied a Varimax rotation, which suggests a
classical approach to the psychometric problem, although it has been superseded in recent decades (Wida-
man, 2007). In this study, only one subscale has been used, considerably reducing its length and facilitating
its use with screening tests. The information function of the scale indicates that it provides very reliable

estimates for most of the people assessed.

Overall, most of the fit values between pairs of items are within an acceptable range, indicating that the
MRG model adequately captures the relationships between most of the items. However, they also suggest
areas where the model may be less accurate due to fit problems with the V77-V76 pair, an issue that is graph-

ically observed in the categorical principal components analysis (Figure 1).

The results show that the scale used is not only effective in measuring the average knowledge of the
participants, but it is also able to detect significant variations between individuals, which is essential for de-
signing more effective educational interventions and training programmes. The accuracy of the estimates
reinforces confidence in the results obtained (Lopez-Falcén, 2021), providing a solid basis for future research
and practical applications in the field of ICT education and teacher training for people with functional diver-
sity (Ari et al., 2022; Blasco-Serrano et al., 2022; Kerexeta-Brazal et al., 2022).
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These results indicate that the University of Granada provides more effective ICT training, reflected in
the higher and less dispersed scores of its students. In contrast, students from “Other universities” and the
University of Malaga have lower levels of ICT knowledge than the overall average, with greater diversity in
proficiency levels within the “Other universities” group. These findings highlight the importance of institu-
tional context in ICT training, suggesting the need to adapt educational programmes to address differences

in knowledge levels (Cabero-Almenara et al., 2022; Diaz-Garcia et al., 2020).

Research by Masoumi (2021), Pinto-Santos (2023), Recio-Mufioz et al. (2020) and Silva et al. (2018), for
example, argues that comprehensive training in the promotion of digital skills is essential, as teachers are at
a basic levelin terms of ICT knowledge and management, i.e. they know basic technological tools, but find it
more complex to perform advanced tasks such as creating content or activities using technology. Likewise,
the results of a study carried out by Guillén-Gamez et al. (2020) corroborate that future teachers have a low
level of ICT use in the classroom and show that the degree of digital competence and motivation to use ICT
are variables that are positively correlated.

The study underlines the importance of socio-demographic variables in the level of ICT knowledge.
Men, students from certain universities, and those who have received ICT training show higher levels of
knowledge, which we value from the point of view of critical enquiry and the potential of the scale used
for the improvement of initial teacher training in educational innovation and inclusion. Furthermore, these
findings highlight the need to consider these differences when designing educational and training pro-
grammes, with the aim of addressing knowledge gaps and promoting equitable and effective training in
educational technology. This same idea is highlighted in a study by Nieto-Isidro et al. (2022) on the rela-
tionship between information literacy and socio-demographic variables in teachers and future teachers in
compulsory education.

5. CONCLUSIONS

Educational inclusion requires changes in teaching-learning methods and ICT offers the necessary tools
to make these adjustments efficiently, becoming a fundamental resource for the promotion of equity and
quality in education. ICT not only facilitates access to learning and communication, but also fosters collab-
oration, autonomy and active participation of students with functional diversity in pedagogical processes.
These resources need to be appropriately integrated to ensure that all learners have the opportunity to

reach their full potential, regardless of their individual abilities.

The fit of the MRG model to the data was satisfactory, as indicated by the fit indices (log.Lik, AIC, BIC).
The discrimination parameters suggest that most of the items are effective in differentiating levels of com-
petence, and the well-distributed thresholds ensure a wide coverage of the range of competence of the
latent trait. These results support the validity of using the MRG model to assess prospective teachers’ knowl-

edge of ICT for diversity.

The analysis of the information function confirms that the scale is highly effective in measuring pro-
spective teachers’ knowledge of ICT for diversity. On the other hand, the interpretation of the latent scores

suggests that the sample has a distribution of ICT for diversity knowledge centred close to the mean.
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The implementation of this scale not only makes it possible to assess the digital and inclusive com-
petences of future teachers, but also to raise awareness and advocate for the need to reformulate teacher
training plans to meet the demands of a highly heterogeneous society. It therefore serves as a predictive
tool to identify training gaps and develop training programmes that respond to these needs. This represents
a step forward in generating scientific knowledge within the paradigm of inclusive education, in need of
resources and instruments to move towards a true educational transformation that avoids para-scientific
parameters or, where appropriate, occurrences rather than fully reliable and valid evidence in terms of dem-
ocratic, rational and human rights-based pedagogical construction.

The evolution of ICT and diversity in the classroom require continuous teacher training and the design
and/or revision of scales to assess digital competences for inclusive education. These measurement tools
facilitate the understanding of the level of knowledge of future teachers and improve both teacher training
and the quality of education. The aim is to continue transforming education based on scientific-technical
criteria that enable the understanding of a reality that is key to educational quality: the challenge of edu-
cational inclusion. Teachers need this type of instruments that can and should be shared to increase their
commitment to diversity and digital competences applied to pedagogical-inclusive responses that are the

bearers of more revitalising, dynamic, innovative and creative meanings in the new school scenarios.

5.1. Limitations and future lines of research

There is a significant fit problem between items V77 and V76. This finding indicates the need to revise these

items to improve the validity and reliability of the scale.

Overall, the results support the use of the MRG model, but also highlight areas for improvement in the

formulation and evaluation of some specific items.

For future research, it would be interesting to design a scale on digital teaching competences for inclu-
sion that includes emerging ICT competences such as artificial intelligence, big data analysis and cyberse-
curity, among others. These latter challenges are key elements in addressing the complexity of a school that
is progressively facing the translation of cultural and technological challenges in a hybrid, interconnected

and networked world.
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