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Abstract

The development of teachers’ digital competence has become a key issue in contemporary
education systems, particularly in contexts where technology integration remains uneven.
This study aims to profile teachers’ digital competence through a cluster analysis based
on pedagogical digital competence, digital integration, and contextual conditions, and
to examine its relationship with selected professional and demographic variables. A
quantitative, non-experimental, cross-sectional design was employed with a sample of
299 teachers from Educational District 16-02 in the Dominican Republic. Data were collected
using a questionnaire based on the DigCompEdu framework. The internal consistency
of the instrument was assessed, and principal component analysis (PCA) with Varimax
rotation was applied to the nine composite dimension scores for dimensionality reduction,
yielding a three-component solution. Subsequently, cluster analysis (hierarchical and k-
means) was conducted to identify differentiated teacher profiles. The results indicate the
existence of three distinct profiles characterized by different levels of pedagogical digital
competence, integration of technology in teaching, and contextual conditions. Statistically
significant associations or differences were identified for educational level, teacher age, and
student age, whereas no statistically significant associations or differences were identified
for gender or duration of technology use in the classroom. Within the studied educational
context, these findings highlight the heterogeneity of teachers’ digital competence profiles
and suggest the potential value of considering both pedagogical and contextual factors
when designing targeted professional development strategies. The study is limited to
selected professional and demographic variables, which should be interpreted as contextual
correlates rather than broad sociodemographic determinants.

Keywords: digital competence; teachers; DigCompEdu; cluster analysis; teacher profiles;
pedagogical integration; contextual conditions

1. Introduction
Rapid advances in digital technologies have profoundly redefined the social, economic,

and educational dynamics of the 21st century, leading to the development of increasingly
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media-driven and hybrid learning ecosystems (Basantes-Andrade et al., 2020; Rodríguez-
Jiménez et al., 2022; UNESCO, 2023). In education, this transformation requires that
teachers are able to critically, ethically, and inclusively integrate digital technologies into
the classroom, fostering equity and improving learning outcomes (Muñoz Martínez et al.,
2025; OECD, 2021; Redecker, 2017; Zambrano Vélez et al., 2026). In this context, digital
teaching competence (DTC) has become a central component of educational quality; that
is, the ability of educators to make use of digital technologies in meaningful, inclusive,
and transformative ways (Ghomi & Redecker, 2019; Kaiser et al., 2026; Rakhimbekova
et al., 2026; Redecker, 2017). DTC involves not only technical skills but also pedagogical
knowledge to redesign learning experiences and empower students, in line with the
TPACK framework (Koehler et al., 2013) and recent developments in DTC assessment
(Tzafilkou et al., 2023). International organisations such as UNESCO, the OECD, and
the European Commission agree that strengthening digital teaching competence (DTC)
is essential to guarantee inclusive, equitable, and quality education in the digital era, in
line with SDG 4 (OECD, 2021; Redecker, 2017; UNESCO, 2023). The Global Education
Monitoring Report 2023 highlights that merely creating technological infrastructure is
insufficient unless accompanied by sustained policies for professional teacher development,
data governance frameworks, and student-cantered pedagogical approaches (UNESCO,
2023). Additionally, the OECD (2021) emphasises that DTC must be a strategic priority,
especially in technical and vocational education, where the transition to a digitalised
economy demands innovative methods for teaching, learning, and certifying skills.

1.1. Literature Review

In this scenario, the European Framework for the Digital Competence of Educators
(DigCompEdu) has become an international benchmark for conceptualising and measuring
DTC (Redecker, 2017). DigCompEdu organises digital competence into six interrelated
areas, ranging from professional engagement to empowering learners through technology,
and offers a progressive model of six levels (A1–C2) which outlines pathways for profes-
sional development (Mattar et al., 2022; Redecker, 2017). This framework is operationalised
using Likert-scale self-assessment questionnaires, widely used for individual and collec-
tive analysis across different educational levels (Cabero-Almenara et al., 2023; Ghomi &
Redecker, 2019). These instruments permit the creation of comparable DTC profiles and
provide a solid foundation for the design of professional development programs oriented
towards the actual needs of educators (Ghomi & Redecker, 2019).

In recent years there has been a sustained increase in research on DTC, with special
attention to the impact of COVID-19 on teaching practices (Acuña-Gamboa et al., 2023;
Liberona et al., 2023; Smestad et al., 2023; Tzafilkou et al., 2023). Systematic reviews reveal
intermediate levels of DTC: educators perceive themselves as competent in using digital
resources and organisation but show weaknesses in the areas of advanced digital assess-
ment, data protection, network collaboration and student empowerment (Smestad et al.,
2023; UNESCO, 2023). In Latin America, comparative studies based on the DigCompEdu
framework show average levels of digital competence in higher education, with differences
by experience, ICT training, and pedagogical use (Alvarez-Huari, 2025; Cabero-Almenara
et al., 2023).

In Latin America and the Caribbean, particularly in the Dominican Republic, gaps
persist in the DTC at the pre-university level, with inequalities in the command of ICT by ed-
ucation levels and areas (Della Nina Gambi et al., 2025; Riquelme-Plaza & Marolla-Gajardo,
2026; UNESCO, 2023). Pre/post-COVID reviews confirm that scores for digital competence
are average (M ≈ 3.0/5), with 30–40% scoring low in digital creation (Smestad et al., 2023).
Regional analyses highlight disparities due to institutional connectivity (Alvarez-Huari,
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2025; Della Nina Gambi et al., 2025). Most DigCompEdu studies use descriptive or factorial
analyses, which may obscure multidimensional complexities (Cabero-Almenara et al., 2023;
Smestad et al., 2023; Tzafilkou et al., 2023). In European contexts, intermediate education
levels show strengths in resources and weaknesses in collaboration (Lillelien & Jensen,
2025; Smestad et al., 2023; Tzafilkou et al., 2023) while at the university level, integration
is moderate but limited in the area of student empowerment (Cabero-Almenara et al.,
2023). Given this scenario, there has been growing interest in the use of clusters to identify
typologies (pioneers, advanced, intermediate, beginners), under 20% showing high scores
(Kyriakou et al., 2026; Smestad et al., 2023; Verdú-Pina et al., 2026). This approach allows for
differentiated training, which is currently limited in pre-university level education across
Latin America (Alvarez-Huari, 2025; Della Nina Gambi et al., 2025).

Beyond estimating average levels of digital competence, recent research has increas-
ingly emphasized the need to examine heterogeneity among teachers. A profile-based
approach makes it possible to identify groups of educators who may obtain similar over-
all competence scores while displaying different configurations across specific digital-
competence dimensions. Cluster analysis is particularly useful in this regard because
it groups teachers according to multidimensional patterns rather than examining each
competence dimension in isolation. Previous profile-oriented studies have identified dif-
ferentiated groups ranging from less digitally developed profiles to more advanced or
integrated profiles, suggesting that teachers’ digital competence does not necessarily de-
velop uniformly across dimensions (Chahuán-Jiménez et al., 2025; Verdú-Pina et al., 2026).
Such evidence supports the potential value of profile-based analyses for designing pro-
fessional development strategies that respond to different combinations of strengths and
training needs.

From a theoretical-methodological perspective, current approaches tend to ignore
contextual interactions, thus limiting equity (Kyriakou et al., 2026; Smestad et al., 2023;
UNESCO, 2023). Mixed studies which validate clusters are effective in the development
of inclusive practices (Kyriakou et al., 2026), while TPACK/SAMR complement trans-
formative integration (Koehler et al., 2013). Although previous studies have examined
teachers’ digital competence, fewer have explored profile-based patterns through cluster
analysis in pre-university contexts, particularly in the Dominican Republic. Against this
background, an important gap remains in the profile-based analysis of digital competence
among pre-university teachers in the Dominican Republic. While previous research has
provided valuable evidence on overall competence levels and individual dimensions, less
is known about how different dimensions of digital competence combine within distinct
teacher profiles and how these profiles are associated with professional and demographic
characteristics. To the authors’ knowledge, profile-based studies using cluster analysis
in this specific educational context remain scarce. The present study addresses this gap
by applying principal component analysis to the nine composite dimension scores as a
dimensionality-reduction step, followed by cluster analysis to identify differentiated teacher
profiles and examine their associations with selected professional and demographic vari-
ables. Likewise, the analysis focuses on selected professional and demographic variables
that are theoretically and contextually relevant to digital competence development.

1.2. Research Objectives and Hypotheses

General Objective: To identify and characterise teacher typologies according to their
DTC, integrating pedagogical dimensions, technological integration, and personal/contextual
conditions, and to analyse their relationship with a limited set of professional and demo-
graphic variables.

Specific objectives:
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1. Identify cluster typologies of teachers based on component scores derived from the
digital competence dimensions.

2. Describe and characterise each teacher profile based on these dimensions.
3. Analyse the association between teacher typologies and relevant professional and

demographic variables.
4. Derive implications for the design of teacher training programs and ICT integration

policies in the educational field.

Previous research suggests that teachers’ digital competence may vary according to
professional and demographic characteristics, including educational level, age, gender, and
experience with digital technologies, although findings are not always consistent across
educational contexts (Cabero-Almenara et al., 2023; Lucas et al., 2021; Tzafilkou et al.,
2023). Accordingly, these variables were examined as potential differentiating factors of
the teacher profiles identified in the present study. Students’ age was also considered
because teaching learners at different developmental and educational stages may involve
different pedagogical demands and opportunities for the integration of digital technologies.
However, because students’ age is closely linked to the educational level taught, it was
considered a contextual characteristic of the teaching setting rather than an independent
determinant of teachers’ digital competence.

Based on the literature and the objectives of the study, the following hypotheses
were formulated:

H1. Teacher digital competence profiles will differ significantly according to educational level.

H2. Teacher digital competence profiles will differ significantly according to teacher age.

H3. Teacher digital competence profiles will differ significantly according to students’ age.

H4. Teacher digital competence profiles will be significantly associated with gender.

H5. Teacher digital competence profiles will differ according to the duration of digital technology
use in the classroom.

2. Materials and Methods
This section describes the design of the study, the characteristics of the participants and

context, the data collection instrument and procedures, the analytical strategies adopted,
and the ethical considerations guiding the research.

2.1. Study Design

This study follows a quantitative approach, focusing on the measurement and statisti-
cal analysis of digital teaching competence (DTC) and its relationship with professional
and demographic variables. A non-experimental design was adopted, as the variables were
observed in their natural context without manipulation (Creswell & Creswell, 2018).

Furthermore, the study is cross-sectional, non-experimental since data were col-
lected at a single point in time, providing a snapshot of the current state of teachers’
digital competence. The design is also descriptive–correlational, as it aims to both charac-
terise competence levels and analyse associations between variables without establishing
causal relationships.

In addition, a cluster analysis approach was incorporated to identify homogeneous
groups of teachers based on their competence profiles. This multivariate technique al-
lows for the detection of underlying patterns that are not observable through traditional
descriptive analyses.
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2.2. Participants and Context

The study context, Educational District 16-02 in the Dominican Republic, was inten-
tionally selected based on its accessibility and relevance to the doctoral research. Within
this context, however, no individual sampling of teachers was conducted. The eligible pop-
ulation comprised all 299 teachers working at the Early Childhood, Primary, and Secondary
educational levels within the district, and all were invited to participate. All 299 eligible
teachers completed the questionnaire, resulting in a 100% response rate. Accordingly,
the procedure is more accurately described as an intentional selection of the educational
context followed by a census-based approach to the eligible teacher population within
that district, rather than as convenience sampling of individual teachers. The findings
should therefore be interpreted as representative of the defined teacher population within
Educational District 16-02 at the time of data collection, but they should not be generalized
to teachers in other educational districts or to the Dominican Republic as a whole.

The sample was predominantly composed of female teachers (70.2%), with the majority
aged between 30 and 49 years (64.2%). In terms of educational level, most participants were
teaching at the primary (39.8%) and secondary (50.2%) levels. Additionally, the distribution
between urban and rural contexts was relatively balanced (47.5% vs. 52.5%). Table 1
presents the main professional and demographic characteristics of the sample.

Table 1. Professional and demographic characteristics of the sample (N = 299).

Variable Category n %

Gender Male 89 29.8
Female 210 70.2

Age Under 25 years of age 3 1.0
25–29 32 10.7
30–39 98 32.8
40–49 94 31.4
50–59 62 20.7
Over 60 years of age 10 3.3

Education level Pre-primary 30 10.0
Primary 119 39.8
Secondary 150 50.2

Location Urban 142 47.5
Rural 157 52.5

Age of students Less than 3 years 2 0.7
3–5 years 21 7.0
6–11 years 100 33.4
12–18 years 169 56.5
More than 18 years 7 2.3

Note. The authors based on data collected from the DigCompEdu questionnaire.

Regarding teaching experience, 34.1% of participants reported between 1 and 5 years
of experience, followed by 20.7% with 6–10 years and 17.4% with 11–15 years. In terms of
self-perceived digital competence, most teachers were positioned at intermediate levels,
particularly at B1 (Integrator, 39.8%) and A2 (Explorer, 22.1%), while smaller proportions
reached advanced levels such as C1 (8.7%) and C2 (8.7%).

With respect to the use of digital technologies in the classroom, 33.8% of teachers
reported less than one year of experience, and 15.1% between one and three years. A
smaller proportion indicated longer trajectories, such as 22.1% with 4–5 years and 12.0%
with 6–9 years, while 8.7% reported not having used digital technologies in the classroom.
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2.3. Data Collection Instrument

Data were collected using the questionnaire developed by Mora-Cantallops et al.
(2022) within the JRC–CRUE project, which draws on the European DigCompEdu and
OpenEdu frameworks. The questionnaire was administered in Spanish using the original
items and dimensions of this instrument; no items were modified, added, or removed for
the present study, and no additional expert review or pilot testing was conducted. The
instrument includes the six competence areas derived from DigCompEdu—Professional
Engagement, Digital Resources, Teaching and Learning, Assessment, Empowering Learn-
ers, and Facilitating Learners’ Digital Competence—together with a seventh area, Open
Education, derived from the OpenEdu framework.

In addition to these seven areas, the questionnaire includes two complementary di-
mensions: Private Use of Technology and Work Environment. Private Use of Technology
assesses the frequency of digital technology use in everyday personal activities, whereas
Work Environment addresses contextual conditions related to technological infrastruc-
ture, technical support, students’ access to digital devices and Internet connectivity, and
institutional support for teachers’ digital competence development. Thus, nine composite
dimensions were considered in the present study.

The nine dimensions comprised 34 items in total: Professional Engagement (4 items),
Digital Resources (3), Teaching and Learning (4), Assessment (3), Empowering Learners (3),
Facilitating Learners’ Digital Competence (5), Open Education (3), Private Use of Tech-
nology (4), and Work Environment (5). The first seven dimensions were assessed using
seven response categories (1–7), whereas Private Use of Technology and Work Environment
used five response categories (1–5). Composite scores for each dimension were calcu-
lated from their corresponding items, with higher scores indicating higher levels on the
respective dimension.

To examine the empirical structure of the nine composite dimension scores and reduce
their dimensionality prior to cluster analysis, principal component analysis (PCA) with
Varimax rotation was performed. The adequacy of the correlation matrix for PCA was
assessed using the Kaiser–Meyer–Olkin (KMO) measure and Bartlett’s test of sphericity.
Internal consistency of the nine dimensions was evaluated separately using Cronbach’s
alpha coefficients. The PCA yielded a three-component solution explaining 77.99% of
the total variance. This solution was used as a data-reduction step for the subsequent
cluster analysis and was not intended as a validation of the latent factorial structure of
the questionnaire.

2.4. Data Collection Procedure

The questionnaire was administered online through Google Forms between August
and September 2025. Participation was voluntary, and teachers were previously informed
about the objectives of the study, the confidentiality of the collected information, and the
anonymous treatment of the data.

Prior to data collection, authorization to conduct the study was obtained from the
Director of Educational District 16-02. The district coordinators responsible for the Early
Childhood and Primary educational levels were also informed about the study and asked
to facilitate teacher participation. School principals were subsequently informed through
institutional WhatsApp groups about the doctoral research and the planned questionnaire
administration. The researcher then visited the educational centers to coordinate and
follow up on data collection. The Google Forms link was distributed to teachers primarily
through WhatsApp. During the visits, technical assistance was provided to teachers who
experienced difficulties accessing the online questionnaire; this assistance was limited to
facilitating technological access and did not involve or influence participants’ responses.

https://doi.org/10.3390/educsci16091499
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Once data collection was completed, the database was reviewed, coded, and prepared
for statistical analysis. Although all 299 eligible teachers completed the questionnaire, one
participant had a missing response to an item belonging to the Empowerment dimension.
Consequently, a composite score for this dimension could not be calculated for that partici-
pant. Because the principal component analysis (PCA) required complete data across the
nine composite dimension scores, this case was excluded from the PCA and, consequently,
from the subsequent cluster analysis based on the component scores. Thus, the descriptive
analyses retained the full sample (N = 299), whereas the PCA and cluster analyses were
conducted with 298 complete cases.

2.5. Data Analysis

All statistical analyses were conducted using IBM SPSS Statistics, version 29.0 (IBM Corp.,
Armonk, NY, USA). First, descriptive statistics were calculated, including frequencies, per-
centages, means, standard deviations, skewness, and kurtosis, in order to characterise the
dimensions of digital teaching competence and the selected professional and demographic
profile of the sample.

To reduce the dimensionality of the nine composite dimension scores prior to cluster
analysis, principal component analysis (PCA) with Varimax rotation was performed. The
suitability of the correlation matrix for PCA was assessed using the Kaiser–Meyer–Olkin
(KMO) measure and Bartlett’s test of sphericity. Internal consistency of the nine question-
naire dimensions was evaluated separately using Cronbach’s alpha coefficients. The PCA
was conducted on complete cases (N = 298), as one participant had a missing composite
score in the Empowerment dimension.

Subsequently, a two-phase cluster analysis was conducted using the standardized
component scores obtained from the PCA. First, hierarchical cluster analysis using Ward’s
method and squared Euclidean distance was applied to explore the clustering structure
and determine the number of clusters to retain. Based on this hierarchical solution, a three-
cluster solution was selected and subsequently refined using non-hierarchical k-means
clustering to optimize case classification and within-cluster homogeneity. As an additional
assessment of internal cluster separation, the average silhouette width was calculated for
the final k-means solution using the standardized component scores. This measure was
used as a complementary diagnostic of the degree of separation among the identified
teacher profiles. Because the cluster analysis was based on the PCA component scores, it
was also conducted on the 298 complete cases.

To analyse the relationship between teacher typologies and selected professional and
demographic variables, Pearson’s chi-square tests were applied for categorical variables,
together with Cramer’s V as a measure of effect size. For ordinal variables, non-parametric
Kruskal–Wallis tests were used, with epsilon-squared (ε2) reported as a measure of ef-
fect size, followed by pairwise comparisons with Bonferroni correction when statistically
significant differences were identified.

Finally, analyses of variance (ANOVA) and effect size estimates (η2) were conducted
to describe differences among the identified clusters across the dimensions of digital
teaching competence.

2.6. Ethical Considerations

Formal approval by an Ethics Committee or Institutional Review Board was not re-
quired under the university regulations applicable to the doctoral research from which this
study derives. Prior to data collection, formal authorization to administer the questionnaire
in the Early Childhood, Primary, and Secondary educational centres of Educational District
16-02 was obtained from the district authorities.
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This study complied with the ethical principles established for educational research
involving human participants. Participation was voluntary, anonymous, and based on
informed consent, which was obtained electronically prior to participation. Before com-
pleting the questionnaire, participants were informed about the objectives of the study,
the confidential treatment of the information, and their right to withdraw at any time
without consequences.

No personal identifiers were collected, and the data were used exclusively for academic
and scientific purposes. The study respected the principles of confidentiality, privacy, and
responsible data management in accordance with current ethical guidelines for educational
research (American Psychological Association, 2020).

3. Results
This section presents the main empirical findings of the study, including descriptive

statistics and reliability indices, the component structure obtained through PCA, the identi-
fication of teacher typologies through cluster analysis, and the relationships between these
profiles and selected professional and demographic variables.

The first seven dimensions were rated on a 7-point Likert scale ranging from 1 = Strongly
disagree to 7 = Strongly agree. Private Use of Technology and Work Environment were rated on
a 5-point scale ranging from 1 to 5, with higher scores indicating more favourable perceptions.

3.1. Descriptive Statistics and Reliability

Table 2 presents the descriptive statistics (mean, standard deviation, skewness, and
kurtosis) and internal reliability indices of the analysed dimensions. The mean scores
ranged from 2.63 to 3.76, suggesting an overall moderate level of development of digital
teaching competence within the analysed sample.

Table 2. Descriptive statistics and reliability of the analysed dimensions.

Dimension M SD Skewness Kurtosis Cronbach’s α

Professional Engagement 3.60 1.15 0.31 −0.52 0.67
Digital Resources 3.76 1.41 0.31 −0.84 0.74
Teaching and Learning 3.48 1.33 0.16 −0.69 0.72
Assessment 3.46 1.47 0.30 −0.87 0.77
Empowering Learners 3.53 1.56 0.25 −0.97 0.80
Facilitating Learners’
Digital Competence 3.45 1.49 0.45 −0.67 0.89

Open Education 2.63 1.45 0.89 0.04 0.79
Private Use of Technology 3.40 1.41 −0.42 −1.21 0.90
Work Environment 2.83 1.20 −0.03 −1.07 0.93

Note. M = mean; SD = standard deviation; α = Cronbach’s alpha.

The dimensions with the highest mean scores are Digital Resources, Professional
Engagement, and Empowering Learners. However, it should be noted that the first seven
dimensions were assessed on a seven-point scale (1–7), and none of them reached the
theoretical midpoint value of 4. This suggests that, despite relative differences between
dimensions, the overall level of development of digital teaching competence remains mod-
erate and still below advanced levels. In contrast, the dimensions Private Use of Technology
and Work Environment, assessed on a five-point scale (1–5), obtained values closer to the
midpoint of their respective scale, indicating comparatively more positive perceptions in
personal and contextual aspects related to technology use. Open Education presented the
lowest mean score overall, suggesting that practices associated with educational openness
remain less developed within the analysed sample.
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Cronbach’s alpha coefficients show adequate and high values for internal reliability
across all dimensions, with indices above 0.70 in most cases and particularly high values in
the Work Environment and Private Use of Technology dimensions. These results indicate
generally adequate internal consistency across the nine dimensions and support their use
as composite scores in the subsequent PCA and cluster analyses.

Although the reliability coefficient for Professional Engagement was slightly below
the conventional 0.70 threshold (α = 0.67), it remains acceptable for exploratory research
and is consistent with values reported in previous studies using adapted versions of the
DigCompEdu framework.

3.2. Principal Component Analysis and Component Structure

To reduce the nine composite dimension scores to a smaller set of components for
subsequent cluster analysis, principal component analysis (PCA) with Varimax rotation
was conducted on the 298 complete cases. The suitability of the correlation matrix for
PCA was supported by a Kaiser–Meyer–Olkin value of 0.807 and a statistically significant
Bartlett’s test of sphericity, χ2(36) = 1417.991, p < 0.001, indicating that the correlations
among the nine composite dimensions were adequate for component extraction.

Three components with eigenvalues greater than 1 were retained, accounting jointly for
77.998% of the total variance. Before rotation, Component 1 had an eigenvalue of 4.213 and
explained 46.806% of the variance, Component 2 had an eigenvalue of 1.581 and explained
17.562%, and Component 3 had an eigenvalue of 1.227 and explained 13.630%. After
Varimax rotation, the variance was distributed more evenly across the three components,
which explained 33.500%, 25.572%, and 18.926% of the variance, respectively. Extraction
communalities ranged from 0.640 to 0.834, indicating that a substantial proportion of
the variance in each of the nine composite dimensions was represented by the retained
component solution. The complete rotated component loadings and communalities are
presented in Table 3.

Table 3. Rotated Component Loadings and Communalities for the Nine Composite Dimensions.

Dimension Component 1 Component 2 Component 3 Communality

Professional Engagement 0.131 0.892 0.065 0.816
Digital Resources 0.269 0.823 0.169 0.779
Teaching and Learning 0.379 0.790 0.022 0.768
Assessment 0.796 0.233 0.186 0.722
Empowering Learners 0.883 0.184 0.064 0.817
Facilitating Learners’
Digital Competence 0.868 0.255 0.031 0.820

Open Education 0.778 0.186 −0.001 0.640
Private Use of Technology 0.076 0.112 0.903 0.834
Work Environment 0.068 0.064 0.903 0.824

Note. Principal component analysis with Varimax rotation and Kaiser normalization. Rotation
converged in five iterations. Bold values indicate the highest component loading for each dimension.

The rotated solution showed a clear and interpretable component structure (Table 3).
Component 1 was primarily defined by Empowering Learners, Facilitating Learners’ Dig-
ital Competence, Assessment, and Open Education, and was therefore interpreted as
Pedagogical Digital Competence. Component 2 was primarily defined by Professional
Engagement, Digital Resources, and Teaching and Learning, and was interpreted as Digital
Integration. Component 3 was strongly defined by Private Use of Technology and Work
Environment and was interpreted as Contextual and Personal Conditions. These labels
were used descriptively to facilitate interpretation of the component structure and the
subsequent cluster profiles.

Overall, the PCA provided a parsimonious three-component representation of the
nine composite dimensions for use in the subsequent cluster analysis. The standardized
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component scores derived from this solution were used as the classification variables in the
hierarchical and k-means clustering procedures described in the following section. The PCA
should therefore be interpreted as a dimensionality-reduction procedure within the present
dataset rather than as a validation of the latent factorial structure of the questionnaire.

3.3. Identification of Teacher Typologies Through Cluster Analysis

A two-phase cluster analysis was conducted to identify teacher typologies based
on digital competence profiles. First, hierarchical cluster analysis using Ward’s method
and squared Euclidean distance was performed using the standardized component scores
obtained from the PCA as classification variables. This procedure allowed the underly-
ing clustering structure of the data to be explored and provided an empirical basis for
determining the number of clusters to retain.

The number of clusters to retain was determined using the elbow criterion based
on the agglomeration coefficients obtained from Ward’s hierarchical clustering procedure
(Figure 1). A pronounced increase in the agglomeration coefficient was observed when
the solution was reduced from three to two clusters, suggesting that further merging
would combine heterogeneous groups. Consequently, the three-cluster solution was re-
tained because it represented the most parsimonious and interpretable classification of the
teachers’ digital competence profiles and served as the basis for the subsequent k-means
cluster analysis.

Figure 1. Elbow plot based on the agglomeration coefficients obtained from Ward’s hierarchical
clustering procedure. The marked increase in the agglomeration coefficient after the three-cluster
solution provided support for retaining three clusters as a parsimonious solution for the subsequent
k-means analysis.

As an additional assessment of internal cluster separation, the average silhouette
width was calculated for the final three-cluster k-means solution. The average silhouette
coefficient was 0.233, indicating modest separation among the identified profiles. Accord-
ingly, the three-cluster solution should be interpreted as an exploratory and parsimonious
representation of the heterogeneity observed in this sample rather than as a uniquely
optimal or strongly separated cluster structure.
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Once the number of clusters was determined, a non-hierarchical cluster analysis
(k-means) was performed to optimise the assignment of cases to each group and maximise
the internal homogeneity of the clusters.

Analyses of variance (ANOVA) were used descriptively to characterize differences
among the identified clusters across the dimensions of digital teaching competence. As
expected from a clustering procedure designed to maximize between-group differentiation,
substantial differences were observed across all analysed dimensions. Particularly high
F values were observed for Professional Engagement (F(2, 295) = 87.44), Assessment
(F(2, 295) = 89.17), Digital Resources (F(2, 295) = 83.72), and Facilitating Learners’ Digital
Competence (F(2, 295) = 79.17), with notable differentiation also observed for Private Use
of Technology (F(2, 295) = 55.15) and Work Environment (F(2, 295) = 53.02).

Effect-size estimates (η2) were also calculated descriptively to quantify the magni-
tude of between-cluster differentiation. The largest values were observed for Assessment
(η2 = 0.377), Professional Engagement (η2 = 0.372), Digital Resources (η2 = 0.362), and Facil-
itating Learners’ Digital Competence (η2 = 0.349). Because the clusters were constructed to
maximize differences between cases assigned to different groups, these ANOVA statistics
and effect sizes should be interpreted as descriptive measures of cluster separation rather
than as independent inferential tests.

As shown in Table 4, the final standardized cluster centres revealed three differen-
tiated teacher typologies. Cluster 1 was characterised by comparatively lower levels of
pedagogical digital competence, moderate scores in personal and contextual conditions for
technology use, and comparatively higher levels of teacher digital integration, suggesting a
profile of teachers in progressive stages of digital development. Cluster 2 presented the
lowest scores across the three analysed components, reflecting a profile with generally
limited levels of digital teaching competence and less favourable personal and contextual
conditions. Finally, Cluster 3 included teachers with the highest levels of pedagogical
digital competence and more favourable contextual conditions, representing the most
advanced digital competence profile within the sample.

Table 4. Final standardized cluster centres for the three-component solution.

Component Cluster 1 Cluster 2 Cluster 3

Pedagogical Digital Competence −0.827 −0.277 0.834
Digital Integration 1.075 −0.652 0.138
Contextual and Personal Conditions −0.027 −0.503 0.623

Note. Values represent final cluster centres based on the standardized component scores used in the
k-means cluster analysis.

Regarding the distribution of cases, Cluster 1 consisted of 64 teachers (21.5%), Clus-
ter 2 of 128 teachers (43.0%), and Cluster 3 of 106 teachers (35.6%), showing an adequate
distribution for subsequent comparative analyses.

The results of the cluster analysis show differentiated teacher typologies, illustrating
heterogeneity in digital competence within the analysed sample and providing a basis for
examining their relationships with selected professional and demographic variables.

3.4. Relationship Between Teacher Typologies and Selected Professional and Demographic Variables

To explore further the identified teacher typologies, their relationship with a limited
set of professional and demographic variables was analysed using association and differ-
ence contrast tests. Pearson’s chi-square tests were applied for categorical variables and
non-parametric Kruskal–Wallis tests for ordinal variables. The results of these analyses
are presented in Table 5, summarising the obtained statistics and the general patterns
of association.
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Table 5. Statistical Associations Between Teacher Typologies and Selected Professional and Demo-
graphic Variables.

Variable Statistical Test p Effect Size

Gender χ2(2) = 1.228 0.541 V = 0.064
Educational level χ2(4) = 13.949 0.007 V = 0.153
Digital competence level χ2(10) = 30.798 <0.001 V = 0.227
Teacher age H(2) = 9.678 0.008 ε2 = 0.026
Student age H(2) = 7.403 0.025 ε2 = 0.018
Technology-use duration H(2) = 2.612 0.271 ε2 = 0.002

Note. Cramer’s V is reported as the effect-size measure for chi-square tests, and epsilon-squared
(ε2) for Kruskal–Wallis tests. For significant chi-square tests, adjusted standardized residuals with
|z| > 1.96 were used to identify cells contributing to the association. Pairwise comparisons following
significant Kruskal–Wallis tests were adjusted using the Bonferroni correction.

Regarding gender, no statistically significant association was identified between
teacher typologies and gender (χ2 = 1.228; df = 2; p = 0.541). The distribution of men
and women across the identified clusters was relatively homogeneous, with no statistically
significant association between gender and digital competence profiles identified within
the present sample.

In terms of educational level, a statistically significant association with teacher ty-
pologies was observed (χ2 = 13.949; df = 4; p = 0.007). Primary education teachers were
overrepresented in Cluster 2 (52.1%; RC = 2.6), while secondary education teachers showed
significant overrepresentation in Cluster 3 (45.0%; RC = 3.4). These results indicate a statis-
tically significant association between educational level and digital competence profiles
within the present sample.

The relationship between teacher typologies and self-perceived digital competence
level, according to the DigCompEdu framework, was statistically significant (χ2 = 30.798;
df = 10; p < 0.001; Cramer’s V = 0.227). Adjusted standardized residuals indicated that
teachers at the A1 and A2 levels were overrepresented in Cluster 2 (RC = 3.1 and 2.3,
respectively), whereas B2 and C1 teachers were underrepresented in this cluster (RC = −3.0
and −2.1). Conversely, A1 and A2 teachers were underrepresented in Cluster 3 (RC = −2.3
and −2.1), while B2 and C1 teachers were overrepresented (RC = 2.2 and 2.5). This
pattern is consistent with the differentiation between the lower and more advanced digital
competence profiles identified in the cluster solution.

Regarding teacher age, the Kruskal–Wallis test showed statistically significant dif-
ferences between teacher typologies (H = 9.678; df = 2; p = 0.008; ε2 = 0.026). Post hoc
comparisons indicated that the differences were mainly concentrated between Cluster 3
and Cluster 2 (p = 0.010), with Cluster 3 grouping comparatively younger teachers. These
findings suggest a greater presence of younger teachers within the more advanced digital
competence profiles.

Significant differences were also identified according to the age of students taught
(H = 7.403; df = 2; p = 0.025; ε2 = 0.018). Pairwise comparisons revealed statistically sig-
nificant differences between Cluster 2 and Cluster 3 (p = 0.023), with teachers belonging
to Cluster 3 tending to work with older students. However, this finding should be inter-
preted cautiously because student age is structurally related to the educational level taught;
therefore, the associations observed for student age and educational level should not be
considered independent effects.

Finally, no statistically significant differences were identified between teacher typolo-
gies and the time of use of digital technologies in the classroom (H = 2.612; df = 2; p = 0.271;
ε2 = 0.002). Although some differences in technological experience were observed descrip-
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tively, these variations were not sufficiently consistent to establish differentiated patterns
between the identified teacher profiles.

Overall, these results show that the identified teacher typologies are associated with
certain professional and contextual variables, particularly educational level, self-perceived
digital competence, and age-related variables. This convergence of findings supports the
internal interpretability of the obtained typologies and highlights the usefulness of cluster
analysis as a tool for understanding the heterogeneity of teacher digital competence profiles
within the studied educational context.

4. Discussion
This section discusses the findings in light of previous research on teachers’ digital com-

petence, highlighting the main theoretical and practical implications of the identified profiles
and contextual patterns, as well as the contribution of the study to the existing literature.

The results of this study provide relevant insights into the heterogeneous nature of
digital competence among teachers and highlight the importance of considering both indi-
vidual and contextual factors when analyzing its development. The findings supported H1,
H2, and H3, whereas H4 and H5 were not supported. From a multivariate perspective, the
findings confirm that the existence of a group characterised by high pedagogical digital
competence together with comparatively favourable contextual conditions is particularly
relevant, as it suggests that both individual capabilities and supportive institutional envi-
ronments are associated with more advanced profiles of digital competence. This finding
reinforces previous research highlighting the importance of contextual and organisational
factors in facilitating the pedagogical integration of technology (Cabero-Almenara et al.,
2023; Chahuán-Jiménez et al., 2025). Conversely, the presence of a cluster with low compe-
tence across all dimensions highlights the need for targeted training strategies and stronger
institutional support mechanisms, as suggested by previous research on digital competence
gaps (Redecker, 2017; Riquelme-Plaza & Marolla-Gajardo, 2026; Vergara et al., 2026). Teach-
ing staff cannot be understood as a homogeneous group, but rather as a set of differentiated
profiles with distinct levels of competence and contextual conditions, in line with previous
research emphasizing variability in teachers’ digital competence (Cabero-Almenara et al.,
2023; Redecker, 2017).

First, the PCA provided a parsimonious three-component representation of the nine
composite dimensions, facilitating their use in the subsequent cluster analysis. The resulting
components reflected differentiated patterns related to pedagogical digital competence,
digital integration, and contextual and personal conditions. This dimensional reduction
provides an empirically useful and interpretable representation of the relationships among
the analysed dimensions, consistent with previous studies reporting broader patterns
within the DigCompEdu framework (Casillas-Martín et al., 2020; Ballester-Esteve et al.,
2023). However, because PCA was applied as a dimensionality-reduction procedure to
composite dimension scores, these components should not be interpreted as evidence of a
validated latent factorial structure of the questionnaire. Rather, they should be understood
as a context-specific representation derived from the present dataset. Further research
using confirmatory approaches and independent samples would be needed to examine
the stability and generalizability of this component structure across educational settings
(Chifla-Villón et al., 2025).

Second, the identification of three differentiated teacher profiles through cluster anal-
ysis represents one of the main contributions of this study. These profiles reflect distinct
combinations of pedagogical competence, digital integration, and contextual conditions,
illustrating the multidimensional nature of digital competence development and the inter-
action between individual and institutional factors. This finding is consistent with previous
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literature highlighting the complex interaction between individual capabilities and insti-
tutional support in the development of digital competence (Cabero-Almenara et al., 2023;
Chahuán-Jiménez et al., 2025; Howard & Tondeur, 2023; Lucas et al., 2021; Zambrano Vélez
et al., 2026).

Additionally, descriptive comparisons across the analysed dimensions showed clear
differentiation among the identified profiles. The corresponding effect-size estimates further
indicated substantial between-cluster differentiation (Cohen, 1988); however, because
these dimensions contributed to the construction of the clusters, these results should be
interpreted descriptively rather than as independent evidence of cluster validity.

Interestingly, no significant differences were found according to technology-use time
or gender. Within the present sample, no statistically significant differences in digital
competence profiles were identified according to the duration of technology use. Previous
research suggests that experience may primarily reflect frequency of use, whereas com-
petence also depends on the quality, purpose, and pedagogical integration of technology
(Gümüş et al., 2023; Hwu et al., 2026). Similarly, the lack of gender differences is consistent
with studies reporting a gradual convergence in access to and use of digital technolo-
gies across gender groups (Owusu-Bempah et al., 2022; Simelane-Mnisi & Mthimunye,
2025). In contrast, the significant differences observed across educational levels may reflect
variations in pedagogical demands, institutional digital culture, and opportunities for tech-
nology integration, highlighting the influence of educational context on teachers’ digital
competence development (Fernandes et al., 2023; Salinas-Ibáñez et al., 2022). Collectively,
these findings reinforce the view that effective digital competence development requires
intentional professional learning and supportive institutional conditions rather than mere
accumulated experience (Vergara et al., 2026).

From an applied perspective, these findings have important implications for teacher
training and educational policy. Rather than adopting uniform training approaches, insti-
tutions should design differentiated strategies that respond to the specific needs of each
profile. This aligns with current approaches to personalized professional development and
competency-based teacher training (Cabero-Almenara et al., 2023; Grosseck et al., 2024;
Osorio Vanegas et al., 2025; Yakobi, 2026). For example, teachers with lower levels of
competence may benefit from structured training programs and mentoring, while those
with higher competence could be engaged as agents of change and innovation within
their institutions.

Finally, this study highlights the importance of contextual variables in the development
of digital competence. Institutional conditions, access to resources, and organizational
culture appear to be associated with teachers’ opportunities to integrate technology into
their practice. These findings are consistent with the DigCompEdu framework, which
emphasizes not only individual competence but also the influence of the educational
ecosystem (Inamorato dos Santos, 2019; Redecker, 2017).

5. Conclusions
This section summarises the key conclusions of the study, outlines its main practical

implications for teacher training and educational policy, and acknowledges the limitations
of the research while suggesting directions for future work.

This study contributes to the understanding of teachers’ digital competence by pro-
viding empirical evidence of its multidimensional and heterogeneous nature within a
specific educational context. The findings confirm that digital competence is not uniformly
distributed among teachers, but rather organized into differentiated profiles that combine
pedagogical, technological, and contextual dimensions in distinct ways.
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The identification of three teacher typologies highlights the need to move beyond
generalized approaches to teacher training. Instead, the results support the design of
differentiated and context-sensitive professional development strategies that address the
specific needs of each profile. In this sense, the three profiles suggest differentiated pro-
fessional development needs. Teachers in Cluster 1 may particularly benefit from support
aimed at strengthening the pedagogical application of their relatively high level of digital
integration. Teachers in Cluster 2 may require more comprehensive and structured support
across pedagogical, technological, and contextual dimensions. In contrast, teachers in
Cluster 3 may benefit from advanced professional development opportunities and could
potentially contribute to peer mentoring and the dissemination of effective digital practices
within their institutions.

These profiles also appear to be associated with comparatively more favourable
contextual conditions, suggesting that institutional support and working environments
may be relevant to the development of advanced digital competence. The findings suggest
that teacher digital competence is structured into differentiated profiles that require tailored
professional development strategies rather than uniform training models.

From a methodological perspective, the study demonstrates the usefulness of com-
bining principal component and cluster analyses to explore the structure and variability
of digital competence. This approach allows for a more nuanced understanding of the
phenomenon, complementing traditional descriptive analyses and offering a more compre-
hensive view of teacher profiles.

In addition, the results underline the relevance of contextual factors in relation to
digital competence. Institutional conditions, access to technological resources, and or-
ganizational support appear to be associated with teachers’ opportunities to integrate
digital technologies into their pedagogical practice. Therefore, improving digital compe-
tence should be addressed not only at the individual level but also through systemic and
institutional strategies.

Despite its contributions, this study has several limitations that should be acknowl-
edged. First, the use of self-reported data may have introduced biases associated with
participants’ subjective perceptions of their own digital competence. Second, the cross-
sectional design precludes causal inferences regarding the relationships among the vari-
ables examined. In addition, although the study achieved full coverage of the eligible
teacher population within Educational District 16-02, the intentional selection of a single
educational district limits the generalizability of the findings beyond this specific context.
The three-cluster solution should also be regarded as exploratory and sample-dependent,
as its stability was not assessed in an independent sample. Replication in other educa-
tional districts and populations would therefore be necessary to examine the stability and
generalizability of the identified profiles.

Future studies should incorporate these factors to examine more structural determi-
nants of digital competence. Likewise, future research should address these limitations
by employing longitudinal and mixed-method designs, extending the study to multiple
educational districts, and replicating the cluster solution in independent samples to assess
its stability and generalizability across educational contexts.
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