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Abstract

This mixed-methods study examines the digital readiness of primary school teachers in Greece and
Cyprus working in multilingual and multicultural mainstream classrooms. In response to the
increasing diversity in European education, it explores how teachers perceive and implement digital
competence to support inclusive and quality education. Using the DigCompEdu framework and an
extended TPACK model, data were collected from 146 in-service teachers through a structured
questionnaire. Cluster analysis revealed three distinct competence profiles—high, moderate, and
low —while Kruskal-Wallis tests confirmed significant differences among them. Thematic analysis
of open-ended responses, supported by Pearson correlation analysis, highlighted how teachers’
beliefs, infrastructural conditions, and pedagogical practices intersect. Highly competent teachers
reported the use of inclusive digital strategies, yet pointed to systemic barriers such as limited
training and poor infrastructure. Less confident teachers expressed foundational challenges and
dependence on external support. Across all profiles, contextual factors—school resources, time,
student digital readiness, and access to professional development—were key. The study concludes
that digital competence is not merely technical, but deeply context-sensitive and pedagogical. It calls
for differentiated, equity-oriented professional learning pathways aligned with Sustainable
Development Goals 4 and 10, contributing to inclusive education and education for sustainability
in linguistically diverse classrooms.

Keywords: digital competence; mainstream classroom; multilingualism; multiculturalism;
education for sustainability; DigCompEdu; TPACK

1. Introduction

Quality education (SDG4) is the foundation for personal and social development. It is defined
as the education that helps individuals reach their full potential by meeting their basic learning needs,
especially in literacy and numeracy, and by fostering essential life skills [1]. It aims to ensure inclusive
and equitable access to education and lifelong learning for all citizens and can be considered a
prerequisite for reducing inequalities between and within the countries (SDG10), addressing social
exclusion, and mitigating unequal access to opportunities and resources [2]. By equipping
individuals with the skills, knowledge, and opportunities necessary for advancement, quality
education helps societies break cycles of poverty and marginalization [3], and act as a catalyst for
achieving SDG 10.
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Quality education operates on variable interconnected levels: the system, concerning effective
management and governance, policy implementation, resource allocation, and reliable assessment
mechanisms [4]. One critical dimension cutting across all these levels is the evolving role of educators
in adapting to contemporary demands. The accelerating integration of digital technologies in
education has significantly reshaped teaching expectations and professional practices. Educators
today are expected not only to use digital tools competently but also to embed them meaningfully
within pedagogical contexts [5]. This shift redefines digital competence (DC) as both a pedagogical
and professional construct [6]. The DigCompEdu framework (Digital Competence Framework for
Educators) articulates this dual role by identifying 22 competences across six domains, promoting
the strategic use of digital technologies to foster inclusive, effective, and innovative learning
environments [7]. Complementing this, the TPACK model (Technological Pedagogical Content
Knowledge) highlights the intersection of technological expertise, pedagogical knowledge, and
content understanding [8,9], providing high-quality teaching practices, imperative for quality and
inclusive education [10].

While frameworks such as DigCompEdu and TPACK provide structured approaches for
examining teachers’ digital practices, the concept of DC remains debated, often overlapping with or
being conflated with digital literacy. Some scholars argue for narrower, skill-based definitions,
whereas others emphasize their broader pedagogical and professional dimensions [11,12]. This
conceptual ambiguity underscores the importance of examining DC within specific sociocultural and
institutional contexts. Increasingly, teacher education adopts DC as a broader term encompassing
critical, responsible, and pedagogically grounded use of technology [6,11,13]. National adaptations —
such as Digital Teaching Competence—generally align with DigCompEdu while addressing local
curricular priorities [7,14].

In this study, DC is examined within the complex realities of multilingual and multicultural
mainstream classrooms in Greece and Cyprus—contexts shaped by shifting demographics and
growing (im)migrant student populations [15-17] — as a means for reducing inequalities and ensuring
access to quality education by disadvantaged groups. These classrooms challenge conventional
approaches to instructional design and demand inclusive, culturally sustaining digital pedagogy.
Beyond a static skillset, DC is approached here as situated knowledge, shaped by educators’ beliefs,
attitudes, and ideologies [18]. The study thus treats teachers’ self-assessments of DC not merely as
indicators of proficiency, but as windows into how they navigate cultural diversity, technological
expectations, and sustainability-aligned inclusive practice in their everyday work.

1.1. Theoretical Background

To guide this investigation, the study employs a dual conceptual framework combining
DigCompEdu and TPACK. DigCompEdu specifies the digital knowledge, skills, and attitudes
required for educators to design inclusive, reflective, and pedagogically meaningful learning
environments [6]. TPACK complements this perspective by conceptualizing how technology
interacts with pedagogy and content knowledge in practice [9,19]. Together, the two frameworks
offer a comprehensive lens for examining how teachers enact DC in diverse classroom contexts,
particularly in relation to global commitments to education for sustainability, and more specifically
to SDG 4 (Quality Education) and SDG 10 (Reduced Inequalities).

SDG 4 emphasizes inclusive and equitable access to high-quality education for all learners,
regardless of linguistic or cultural background [3]. Within this vision, the development of educators’
DCs is crucial to ensuring effective technology integration that promotes differentiated instruction,
learner empowerment, and pedagogical innovation [20,21]. SDG 10 calls for dismantling structural
barriers that prevent marginalized groups, such as (im)migrant students, from fully participating in
education [22]. The dual framework addresses these imperatives by foregrounding context-sensitive,
culturally sustaining digital pedagogy that is adaptive and inclusive. Teacher professional
development is therefore positioned not only as a local policy priority but also as an instrument for
advancing global commitments to equity, inclusion, and sustainability in education.
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DigCompEdu, developed by the European Commission’s Joint Research Centre [6], provides a
comprehensive model for supporting and assessing the DC of educators across educational levels
and contexts. Originating from the broader DigComp framework [23,24], DigCompEdu adapts these
competences to teaching realities, organizing them into six areas and 22 specific competences. It
emphasizes pedagogical intentionality (professional engagement, digital resources, teaching and
learning, assessment, learner empowerment, and fostering learners’ DC) and ethical considerations,
making it especially relevant to inclusive and differentiated instruction. Within multilingual and
multicultural classrooms, DigCompEdu supports teachers in designing responsive and flexible
digital practices that acknowledge linguistic and cultural diversity, thereby aligning with the goals
of SDG 4 and SDG 10, ensuring equitable education for all. Importantly, DigCompEdu also promotes
self-assessment and reflective practice, fostering teacher agency in aligning digital strategies with
diverse learners’ needs and challenging educational inequalities. In doing so, it contributes to
sustainable digital transformation while building equitable, inclusive, and context-sensitive
educational ecosystems.

In European contexts, DigCompEdu has evolved from a descriptive framework to a practical
tool for guiding teacher professional development and evaluation. Countries such as Spain, Portugal,
and Turkey have systematically embedded DigCompEdu into national models (i.e., INTEF’s
Common Digital Competence Framework for Teachers, DCSE, and many more) for assessing and
supporting educators” DC [14,25,26]. These applications illustrate how the framework can be
operationalized to structure training pathways, certification systems, and reflective practices.
However, while such implementations highlight the scalability and policy relevance of
DigCompEdu, they have tended to focus more on general digital teaching skills than on the nuanced
challenges of multilingual and multicultural classrooms. This gap underscores the added value of
pairing DigCompEdu with TPACK as the conceptual framework that describes how teachers
integrate technological, pedagogical, and content knowledge into effective teaching. Whereas
DigCompEdu provides measurable competence areas and developmental trajectories, TPACK
contributes a practice-oriented understanding of how technology, pedagogy, and content intersect
with contextual factors [14]. Together, they form a comprehensive foundation for advancing quality
and inclusive digital pedagogy in diverse classroom settings across Europe and beyond.

Complementing DigCompEdu, the TPACK model [9,19] provides a lens for understanding how
technological, pedagogical, and content knowledge interact in practice. Conceived as a flexible,
adaptive framework, TPACK is particularly valuable in multilingual and multicultural classrooms
where technology can empower learners but may also reproduce inequalities. Recent refinements,
such as the addition of Contextual Knowledge [27], underscore how sociocultural and institutional
conditions shape digital practices. Empirical evidence further illustrates TPACK’s exploitation in
examining teachers’ self-perceived digital preparedness either in isolation [28] or in combination with
other models (like UTAUT) [29]. In addition, research has applied TPACK in intercultural and
linguistically diverse classrooms, demonstrating its use for fostering intercultural competence
through technology-enhanced language learning [26] and for promoting cross-cultural awareness in
game-based learning environments [30]. Durham [28] highlights how TPACK supports linguistically
responsive teaching in diverse school contexts, enabling technology to sustain language diversity
while supporting multilingual learners’ academic development. Similarly, Huang [31] examines the
development of TPACK among trilingual teachers in Chinese ethnic minority regions, showing how
it helps balance content delivery with multilingual instruction while affirming students’ cultural and
linguistic identities. Collectively, these contributions extend TPACK well beyond its original scope,
establishing it as a valuable framework for equitable and inclusive education and education for
sustainability in culturally and linguistically diverse classrooms.

Both DigCompEdu and TPACK have shaped a wide body of research, each offering valuable
insights into educators’ knowledge and practices. However, their combined use remains
underexplored in empirical studies—particularly within multilingual and multicultural contexts
through mixed methods designs. This gap is especially evident in public primary education, where
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teachers often report lower levels of DC and feel underprepared to design co-constructive digital
environments or integrate tools for differentiation and student-led learning [14,32-34]. Addressing
this gap, the present study focuses on in-service teachers in Greece and Cyprus, investigating their
perceptions of DCs in multilingual and multicultural mainstream classrooms. By applying a dual
framework within a mixed-methods approach, it identifies distinct competence profiles, explores the
contextual and institutional factors shaping them, and highlights the need for differentiated, inclusive
professional development aligned with broader sustainability goals.

1.2. Context of the Study

As previously noted, digital transformation has become a central priority across European
education systems and beyond. Both Cyprus and Greece - countries experiencing rising (im)migrant
student populations [15-17] have taken steps to strengthen digital infrastructure and promote digital
literacy in primary education, particularly after the COVID-19 pandemic [35,36], as a tool for
supporting and ensuring access to quality education. Initiatives such as Cyprus’s student device
subsidy program [37] and Greece’s Gigabit Connectivity Voucher Scheme [38] have sought to reduce
school-home digital divides.

Despite these efforts, empirical research on classroom-level integration of digital technologies in
Cyprus and Greece remains limited. Most studies have addressed general aspects of differentiated
instruction, often overlooking cultural and linguistic diversity via digital implementation, which now
defines mainstream classrooms [39,40]. A notable exception is Christodoulidou and Sidiropoulou
[41], who explored teachers’ experiences with online instruction during the COVID-19 pandemic. Yet
persistent challenges remain, particularly concerning educators’ self-perceived DC and their
readiness to meet the needs of culturally and linguistically diverse learners [41].

In both Cyprus and Greece, mainstream classrooms represent a critical context for
understanding education for sustainability. While inclusive placements are designed to foster
belonging and equitable participation [42—44]. Research consistently shows that (im)migrant students
face systemic barriers such as linguistic marginalization, limited academic support, and institutional
pressures for rapid assimilation [45-47]. Many teachers also report difficulty engaging students who
speak languages other than the medium of instruction, often delegating responsibility for their
inclusion to second language specialists or segregated programs [48-53].

Such realities underscore that mainstream classrooms are not merely sites of instruction but also
arenas where social cohesion, equity, and sustainability are negotiated. Effective digital pedagogy in
these contexts has the potential to reduce inequalities, empower marginalized learners, and foster
intercultural understanding —directly advancing SDG 4 and SDG 10. Conversely, failure to equip
teachers with inclusive DCs risks reinforcing exclusion and undermining education for sustainability.

Responding to this complexity, the Re.Ma.C. project (Reinventing Mainstream Classrooms) was
launched as an Erasmus+ initiative led by Frederick University (Cyprus), CARDET (Cyprus),
Democritus University of Thrace (Greece), CESIE EST (Italy), SOS Malta, and the University of
Algarve (Portugal). Re.Ma.C. is conceptualized as a blended learning framework emphasizing the
intersection of technology, languages, and cultures [54]. Drawing on interdisciplinary foundations in
second language learning, intercultural pedagogy, multiliteracies, and digital learning design, the
project addresses both teacher development and student engagement. Its instructional design is
informed by the Community of Inquiry (Col) model [55,56], the SAMR model [57], and Laurillard’s
Conversational Framework [58-60], which structures interaction at student-student, student-
teacher, and student—content levels.

This paper draws on the needs analysis phase of Re.Ma.C., which identifies gaps in educators’
DCs in primary mainstream classrooms increasingly shaped by linguistic and cultural diversity to
inform the design of professional development modules that advance education for sustainability.
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2. Materials and Methods

A mixed-methods design was adopted to capture both general patterns and nuanced insights,
thereby ensuring a comprehensive, context-sensitive understanding of digital readiness of teachers
in primary multilingual and multicultural mainstream classrooms.

The quantitative component was based on a questionnaire developed for the project’s needs
analysis. The DC section was conceptually grounded in the DigCompEdu. Responses from 146
teachers were analyzed in SPSS through descriptive statistics, cluster analysis, and Kruskal-Wallis H
tests to identify distinct profiles of self-perceived DC and to examine how these profiles related to
contextual variables.

The qualitative component drew open-ended responses from the same questionnaire. These
were thematically coded using the extended TPACK framework. This lens facilitated an in-depth
exploration of teachers’ beliefs, challenges, and classroom practices, particularly in relation to how
digital pedagogy supports quality education (SDG4) and promotes inclusivity and equity (SDG10).
In addition, open-ended responses were also used for Pearson correlation coefficient analysis (via
NVivo) to identify patterns and relationships.

This integrated design enabled triangulation across methods, strengthening reliability, validity,
and interpretive depth. The study was guided by two research questions, one with implications for
pedagogical process and quality, and the other for the systemic-structural dimension of Quality
Education:

1. How do teachers’ self-perceived digital competences reflect their readiness to integrate inclusive digital
practices to enhance literacy in multilingual and multicultural mainstream classrooms?
2. What role do contextual factors, such as school infrastructure, training access, and student digital

readiness, play in shaping teachers’ digital competence profiles?

By combining data-driven classification with in-depth teacher narratives, this approach provides
a robust basis for informing professional development initiatives that are both aligned with the
DigCompEdu framework and responsive to the realities of diverse classroom contexts.

2.1. Participants

The study employed a non-probability convenience sample consisting of 146 in-service teachers
from Cyprus and Greece who voluntarily participated in the needs analysis phase before Re.Ma.C.
Erasmus+ KA2 training seminars. The participants were in-service teachers working in mainstream
classrooms with linguistically and culturally diverse student populations. Most were women (91.1%),
reflecting sex trends in teaching in Greece and Cyprus. In terms of age, 53.4% were 35-44 years old,
20.5% were 45-54, 17.1% were 25-34, and 8.2% were 55-64, with only 0.7% under 24. Geographically,
52.7% of teachers were based in Cyprus and 45.9% in Greece, while two reported teaching
temporarily abroad. The most frequently taught subject was Greek language (80.8%), followed by
Mathematics (56.2%), Environmental studies (35.6%), and History (26.7%). A smaller share taught
ICT, Arts, Religion, or other disciplines. The sample was highly qualified: 54.8% held a master’s
degree in education-related fields, 24.0% a bachelor’s degree, 9.6% a master’s in teaching Greek as a
second language, and 6.2% a PhD in education or a related area. The remainder held specialized or a
combination of diplomas. Teaching experience was evenly distributed, with 20.5% having 0-5 years,
while an equal percentage had been teaching for 16-20 years, 17.8% 11-15 years, and equal shares
(14.4%) reporting 21-25 or 26+ years. Employment status varied, with 70.5% permanent staff, 13%
substitutes, 5.5% hourly-paid, and 2.1% on fixed-term contracts. The remainder was holding other
statuses (i.e. volunteers etc.). Classroom diversity also varied: 27.4% of teachers reported that 75% or
more of their students were of (im)migrant origin, 14.4% reported 51-75%, and 16.4% reported 11—
25%. Smaller proportions had fewer than 10% (12.3%) or 26-49% (11.6%), while 7.5% reported that
half their students were (im)migrants. Only a few reported none.
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https://doi.org/10.20944/preprints202511.0454.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 November 2025 d0i:10.20944/preprints202511.0454.v1

6 of 19

2.2. Instrument

Data was collected using a custom-designed questionnaire developed for the Re.Ma.C. project’s
needs analysis. The instrument reflected sociocultural and institutional contexts of Southern Europe,
while assessing teachers’ competencies across three domains: (a) teaching Greek as a second
language, (b) intercultural education, and (c) DC. The final instrument included 30 items. The ten
types of digital tools were informed by the DigCompEdu framework and adapted to the realities of
multilingual, diverse mainstream classrooms in Greece and Cyprus, specifically drawing on teacher
training material developed by the Computer Technology Institute and Press “DIOPHANTUS.” This
section contained 10 Likert-scale items (1 = Not at all to 5 = Very well) covering: (1) general digital
devices use, (2) general purpose software, (3) collaboration and communication tools, (4) simulations,
(5) programming tools, (6) dynamic creation tools, (7) multimodal content creation tools, (8) artistic
creation tools, (9) digital games, and (10) robotics.

Instrument development followed a co-constructive process involving more than ten
international experts from the project's consortium, including specialists in digital learning,
intercultural pedagogy, and second-language learning. Items were adapted from validated tools and
newly created, refined through iterative expert feedback (consortium partners), and piloted with
small teacher samples in the five participating countries. Pilot feedback informed revisions to
wording, layout, and clarity.

To evaluate the instrument’s structure, we conducted a Confirmatory Factor Analysis (CFA)
using the Maximum Likelihood (ML) estimation method [61]. Model fit was assessed using widely
accepted indices: Comparative Fit Index (CFI) > .90 [62], and RMSEA and SRMR values between 0
and 0.08 [63,64].The CFA indicated a good model fit (x2(401) = 911.67, p < .001, CFI = .93, RMSEA =
.06, SRMR = .04), supporting the three-factor structure. Factor loadings ranged from .44 to .90,
indicating moderate to high associations between items and their respective latent constructs. For the
purposes of the present study, analyses focused on the DigCompEdu. Item loadings on this factor
ranged from .60 to .90 (see Figure 1), indicating substantial contributions of the respective statements
to the latent construct.

»| General digital devices use \
74*

: | General purpose software

43 Collaboration and
communication tools

Simulations

—| Programmingtools

DigCompEdu

63 Dynamic creation tools
R
51 Multimodal content

—»| creationtools

Artistic creation tools

69 Digital games

a7 Robotics
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Figure 1. The confirmatory factor analysis model illustrates the teachers’ self-perceived digital competences.
Standardized regression weights (with significance at p <.05) are shown on the paths from each observed

variable (digital competence item) to the latent construct (DigCompEdu).

Ethical safeguards were observed since the questionnaire included information on study aims,
voluntary participation, anonymity, and data use. Submission of responses constituted informed
consent.

2.3. Data Analysis

Quantitative analysis was conducted in SPSS (v. 27). A hierarchical agglomerative cluster
analysis was performed to classify participants into homogeneous groups based on their self-
perceived DCs [65]. The proximity between cases was calculated using the Squared Euclidean
distance metric, which is appropriate for ordinally coded data under the assumption of
approximately equal spacing between categories. Ward’s method was applied as the clustering
algorithm.

Subsequently, the Kruskal-Wallis H test was used to investigate whether statistically significant
differences existed among the clusters in overall DC scores [66]. The resulting clusters were then used
as the basis for further qualitative and comparative exploration, offering insight into how patterns of
DC intersect with teachers’ demographic profiles and potentially reflect broader pedagogical
orientations.

To complement the quantitative analysis using SPSS and deepen the interpretation of the self-
perceived DC profiles, participants’ open-ended responses were analyzed using a two-phase
approach. Qualitative analysis of open-ended responses first followed Braun and Clarke’s [67,68] six-
phase thematic analysis (using dn Vivo coding’). Codes were generated inductively and refined into
themes aligned with the extended TPACK framework [27], emphasizing how technological,
pedagogical, content, and contextual concerns intersect in multilingual, diverse mainstream
classrooms. To further explore the internal structure and relationships among the identified codes, a
cluster analysis was conducted using the Cluster Analysis Wizard function in NVivo (v14).
Specifically, Pearson’s correlation coefficient analysis [69] was used to cluster by word similarity to
identify the degree of co-occurrence and pattern similarity among coded responses. This method was
selected to detect linear associations between items, offering insights into how specific themes tended
to cluster together within and across DC profiles. The resulting horizontal dendrograms visually
illustrate how teachers’ responses group around shared concerns and priorities, supporting and
extending the thematic findings.

The integration of statistical classification, thematic interpretation, and code clustering ensured
methodological triangulation and strengthened the robustness of the findings. This approach allowed
us to capture individual perceptions of DC and the broader pedagogical orientations underlying
digital practices in linguistically and culturally diverse mainstream classrooms. In doing so, the study
provides a solid evidence base for designing professional development initiatives that are responsive
to context and aligned with the principles of sustainability reflected in SDG 4 and SDG 10.

3. Results

This section presents the findings of the study as they relate to the two research questions,
drawing on both quantitative and qualitative datasets.

3.1. Cluster Formation

To examine whether teachers could be meaningfully categorized into distinct groups based on
their self-perceived DCs, both the Agglomeration Schedule and the dendrogram were examined. The
decision to retain a three-cluster solution was guided by both statistical and substantive
considerations. Statistically, inspection of the Agglomeration Schedule revealed a pronounced jump
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in the agglomeration coefficient between Stages 297 and 298 (from 580.39 to 20,754.98), suggesting
that the merger from three to two clusters would combine highly dissimilar groups. Such a large
increase is a recognized indicator that the preceding number of clusters represents an optimal
stopping point in hierarchical clustering [70,71].

From a substantive standpoint, the three-cluster solution yielded group profiles that were both
distinct and interpretable in terms of participants” self-perceived DCs. Cluster 1 comprised teachers
with consistently high self-assessed competence across all ten areas, Cluster 2 included teachers with
moderate levels of confidence, and Cluster 3 encompassed those with markedly lower self-
perceptions. These patterns align with theoretical expectations regarding heterogeneity in DC within
educational populations [15,72] and provide a meaningful basis for subsequent qualitative
exploration and targeted professional development design.

The statistical validation of the cluster was provided by the results of the Kruskal-Wallis H test,
which confirmed differences among the three clusters. Results confirmed a highly significant
difference in overall DC scores (x3(2) =116.987, p <.001). The magnitude of the mean rank differences
(121.51 vs. 68.65 vs. 20.78) provides additional empirical support for the distinctiveness of these
groups. This convergence of statistical evidence and conceptual clarity reinforced the decision to
adopt the three-cluster model.

3.2. Interpretation of Clusters

To complement the quantitative findings, open-ended responses were thematically analyzed
using dn Vivo’ coding within the extended TPACK framework. This framework incorporates the
seven core knowledge domains—Technological Knowledge (TK), Pedagogical Knowledge (PK),
Content Knowledge (CK), and their intersections (TPK, TCK, PCK, TPACK), Contexts together with
Contextual Knowledge (XK), which emphasizes the situated expertise educators draw upon to
address institutional, cultural, and sociolinguistic realities of multilingual and multicultural
classrooms [27]. The following sections present teacher profiles-specific themes in order of
prevalence, from the most frequently mentioned to the less common concerns. To illustrate patterns
and relationships among responses, horizontal dendrograms generated through Pearson correlation
analysis are also included for each cluster.

3.2.1. Interpretation of Cluster 1

Teachers in Cluster 1 demonstrated the strongest digital confidence, reporting proficiency with
a wide range of tools and practices. Qualitative responses further indicated that these educators
consider sustained, specialized, and context-sensitive professional development (PD) the most
essential condition for embedding technology effectively in multilingual and multicultural
classrooms. The dendrogram (Figure 2) highlights PD as a central theme, clustered with four other
interconnected themes (based on the main clade of the dendrogram) derived from six terminal ends
(leaves), while one leaf (“educational material”) appeared as an isolated, simplicifolious theme.

educational material

{ infrastructure school

time

= — infrastructure-students' house

added value of the digital tools

{ practical application of the digital tools

training-lack of knowledge

Figure 2. Horizontal dendrogram generated through NVivo cluster analysis using Pearson correlation

coefficients, illustrating word similarities in Cluster 1 responses.
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Training and knowledge gaps. Teachers in this cluster called for training that is not only aligned
with emerging technologies but also directly responsive to the realities of multilingual and diverse
mainstream classrooms. One teacher noted:

“Iwish I could use programs that allow translation into the possible mother tongues of my students
(at least for younger ages, for basic things like understanding rules or explaining instructions) in
case I cannot communicate with them.”

This reflects needs at the intersection of TPK and TCK, but also demonstrates the importance
given to Contextual Knowledge (XK), highlighting both technical fluency, content awareness for
context-sensitive implementation. Moreover, it aligns with the cluster of eraining-lack of
knowledge’, epractical application of digital tools’, and eadded value of digital tools” (Figure 2),
reflecting a critical stance toward the effectiveness and pedagogical utility of technology without
sufficient support.

Systemic infrastructure barriers. Despite their competence, teachers frequently cited poor school
infrastructure as a substantial obstacle. A smaller number also mentioned home access inequalities
for (im)migrant students and limited lesson time:

“The presence of appropriate technical equipment and internet connectivity in teaching spaces.”

This points to structural constraints, mapped within the Contexts domain of the TPACK
framework, that persist irrespective of individual teacher competence or willingness. Figure 2 shows
that eschool infrastructure’, chome infrastructure’, and eime’ form a sub-cluster, indicating that these
constraints co-occur as a constellation of contextual limitations.

Practical application challenges. Several teachers expressed uncertainty about how to effectively
apply digital tools in linguistically and culturally diverse mainstream classroom settings. One teacher
candidly shared:

“I don’t know how to use certain interesting and useful applications. Of course, I do know in theory
how digital technologies should be used in teaching practices.”

This reflects a theory—practice gap: high TK but weaker enactment of integrated TPACK. In the
dendrogram (Figure 2), this is evident in the proximity between @raining’—dack of knowledge” and
epractical application of digital tools’.

Educational materials. Only a small number of responses mentioned a lack of educational
materials. In Figure 2, educational material appears as the most distant node (simplicifolious/single
leafed), confirming it was not a major concern compared to infrastructure or training. This suggests
that for this group, the main barriers are structural and pedagogical, not logistical.

The qualitative findings from this cluster seem to demonstrate that teachers with strong TK,
TPK, and TCK, with glimpses of mature TPACK, but their practice seems to be constrained by overall
systemic barriers, and translation challenges (theory vs. practice). The dendrogram (Figure 2)
reinforces this duality, revealing two interlinked constellations: (a) Training—application-added value:
signalling the PD needs of even advanced teachers, (b) Infrastructure—home access—time: showing the
systemic bottlenecks beyond teacher control.

3.2.2. Interpretation of Cluster 2

Teachers in Cluster 2 reported moderate self-perceived DC. Five interconnected themes out of
the two main clades emerged from the following 11 leaves, which align with the extended TPACK
framework (Figure 3).

Familiarisation with tools for multilingual pedagogy. A dominant theme was the need for greater
familiarization with digital tools and their pedagogical application in multilingual, multicultural
mainstream classrooms:

“I have not organized a list of technology links to use in teaching Greek as a second or foreign
language.”
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students' motivation

{ students' familirisation, knowledge

students' home practices and infrastructure

lack of devices, infrastructure

lack of school time

—
— { familiarisation and knowledge of tools
training and information
educational material
teaching hours on ICT

—|: added value of digital technology

embeddedness in class,practical application and use

Figure 3. Horizontal dendrogram generated through NVivo cluster analysis using Pearson correlation

coefficients, illustrating word similarities in Cluster 2 responses.

This points to a shortfall in TCK, adapting digital resources for schooling language teaching
purposes, and a reliance on XK to align choices with learners’ sociolinguistic needs. Codes for
damiliarization/knowledge of tools’ cluster with draining/information’, indicating teachers perceive
tool repertoire growth as inseparable from structured learning opportunities (Figure 3).

Ongoing, broad-based professional development. Teachers articulated a generalised demand for
continuous PD, less specialised than Cluster 1, more about sustained exposure and updating:

“To be able to stay informed about new digital technologies and tools that I can use in my teaching.”

This reflects the need to strengthen TK and PK, and their intersection TPK, before moving to
more advanced, context-specific designs. élraining/information” clusters with damiliarisation” and
with systemic constraints (see theme below), suggesting that teachers view PD as mutually
reinforcing with the conditions that allow it to matter. These conditions align with the broader
contextual factors captured by XK.

Systemic and infrastructural constraints. While less urgent than in Cluster 1, teachers flagged
device scarcity and limited time:

“There are not enough available devices.”

These constraints sit squarely in Contexts and XK, conditioning how any TPACK can be enacted.
dlack of devices’ and dack of school time’ cluster with eraining/familiarization’, which were
validated by the Pearson correlation analysis conducted, where these factors are shown to be
conceptually linked and frequently co-occurring in the dataset.

From sporadic use to pedagogical embedding. Teachers recognized the need to move beyond ad hoc
tool use toward embedded, curriculum-aligned integration:

“A balance between use and optimal effectiveness.”

This reflects an emerging TPACK orientation from teachers’ perspective, yet signals gaps in
turning principles into routine practice. The clade combining embeddedness in class/practical
application’, eadded value of digital technology’, and e@eaching hours on ICT" shows teachers tie
effective integration to both didactic design (TPK/TPACK) and institutional conditions (time
allocation). These elements, visualized in dendrogram 2, collectively point to a growing recognition
of the importance of sustained, instructional use of technology rather than ad hoc application.

Student readiness and uneven digital ecologies. Teachers described contradictory learner profiles,
revealing uneven digital experience:

“Many children are not familiar with these kinds of technologies.”
“Students have access to digital literacy practices.”

It seems that some teachers are reading classroom integration through the lens of learners” home
practices, motivation, and prior knowledge, an extension of Contexts focused on student ecologies.
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&tudents” motivation’, &tudents’” familiarization/knowledge’, and  etudents’ home
practices/infrastructure” form a distinct sub-clade, indicating teachers perceive these as co-occurring
determinants of what is feasible in class.

Cluster 2 teachers seem to be portrayed as open but constrained practitioners. Their TPACK
enactment is partial: TK/TCK/TPK are present but fragmented, and often contingent on system
enablers (Contexts and Contextual Knowledge), time, and students’ digital ecologies. Figure 3 makes
visible three interlocking constellations— (i) familiarization < training, (ii) infrastructure/time <
training, (iii) embedding <> added value < ICT hours—plus a learner-ecology cluster. Advancing
this group requires sustainable PD co-designed with equitable infrastructure and learner-centred
scaffolds.

5.2.3. Interpretation of Cluster 3

Teachers in Cluster 3 reported the lowest levels of self-perceived DC, with responses seemingly
dominated by external barriers and structural dependencies. While some articulated inclusive
intentions, their capacity to enact TPACK in practice is presented as rather limited. The analysis
yielded five interrelated themes, which cluster into two larger clades (see Figure 4) from the 6 leaves
available.

differentiation of digital technology with diverse classes

{ schools infrastruture

teachers training

teachers' time

{ added value

motivation

Figure 4. Horizontal dendrogram generated through NVivo cluster analysis using Pearson correlation

coefficients, illustrating word similarities in Cluster 3 responses.

Infrastructure is a prerequisite. The most frequently cited limitation was the absence of basic
infrastructure, computers, internet, and projectors, viewed as a non-negotiable precondition:

“If the basic equipment is missing—namely, a computer, internet access, and then a projector —there
is no possibility for implementation.”

Here, TK is curtailed by systemic deficits in Contexts. Teachers cannot advance beyond
awareness because the material conditions for practice are absent. &chool infrastructure’ clusters
tightly with d¢eacher training’ and aifferentiation of digital technology’, underscoring that teachers
see hardware/software access as inseparable from the capacity to learn and innovate pedagogically.

Generalized call for training. Training needs were also frequently mentioned, though framed in
broad, generic terms:

“Ongoing training of teachers is needed for the application of digital technologies in teaching.”

Unlike Cluster 2, where PD needs were tied to specific practices (e.g., embedding or
familiarization), Cluster 3 teachers expressed low-resolution training demands. This signals
underdeveloped TPK/TPACK, where the link between tools, pedagogy, and context seems not yet to
be conceptualized. eleachers’ training’ is part of the strongest triad with dnfrastructure’ and
aifferentiation of digital technology’, which may be reflecting teachers’ sense that without
infrastructure, which was the most common concern, training feels abstract, and without training,
differentiation is unachievable.

Differentiation for diverse classrooms. A smaller subset emphasized the need for differentiated
digital environments to ensure participation by all learners:

“The support of a differentiated digital environment is necessary so that all students can participate.”
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Though less common, this demonstrates glimpses of integrated TPACK thinking, linking PK,
PCK, and TPK/TPACK in the service of inclusion. However, the rarity of such responses suggests
this orientation remains aspirational rather than enacted. Its clustering with enfrastructure’ and
draining’ suggests teachers understand differentiation as structurally contingent, meaning that
perhaps they cannot realise inclusive pedagogy without resources and knowledge (Figure 4).

Time is an overlooked but decisive factor. Teachers also reported that limited time was a significant
impediment, not in terms of integrating tools creatively, but in finding time to organize or even locate
useful digital materials. Time was seen not as a luxury for enhancement, but as a prerequisite still out
of reach. eleachers’ time’ clusters with aligital tools added value’ and ehildren’s motivation’,
suggesting that when time is scarce, perceived benefits and students’ enthusiasm decline, producing
a reinforcing cycle of underuse.

Limited references to added value and motivation. Finally, a few teachers mentioned student
motivation and the added value of digital tools, though without detail. These remarks suggest an
awareness of potential but a lack of strategies for implementation. This suggests early-stage TK/PK,
with limited movement into TPACK. For these teachers, digital adoption seems to be still framed as
desirable but impractical. eAdded value’ and emotivation’ form a second clade with time, reinforcing
that without sufficient time, recognition of value does not translate into use.

Cluster 3 represents teachers whose digital practices seem to be systemically constrained and
pedagogically underdeveloped. Figure 4 reveals two interconnected constellations (clades): (a)
Structural dependency triad: infrastructure < training < differentiation, showing that inclusive digital
pedagogy is viewed as unattainable without resources and upskilling, (b) Feasibility triad: time <
added value < motivation, showing that practical and emotional feasibility strongly condition digital
engagement. In TPACK terms, teachers in this cluster have fragmented TK/PK and limited TPACK
integration, with Context and Contextual Knowledge overwhelmingly shaping what is possible.
Addressing their needs requires sequenced, equity-driven interventions: (i) infrastructure provision,
(ii) time allocation, (iii) basic PD, and (iv) gradual pedagogical differentiation.

4. Discussion

This study examined how in-service teachers in southern Europe (Greece and Cyprus) perceive
their DCs in multilingual and multicultural mainstream classrooms, adopting DigCompEdu and
TPACK as complementary lenses. The findings confirmed that self-perceptions of DC are not uniform
but map onto three distinct readiness profiles, each with different implications for equity and
sustainability in education.

4.1. RQ1: Self-Perceived DCs and Readiness

The quantitative analysis identified three statistically distinct clusters of teachers—high,
moderate, and low self-perceived DC—mirroring patterns reported in other contexts [2,12]. Cluster
1 (high competence) displayed strong technical confidence and broad tool familiarity, but qualitative
data revealed a persistent theory—practice gap: although these teachers demonstrated strong TK and
emerging TPACK, they were less certain about transferring digital skills into linguistically diverse
pedagogies. This confirms earlier work showing that technical proficiency does not automatically
translate into pedagogical integration [15]. For education for sustainability, this profile highlights the
need for practice-oriented support to bridge knowledge and application.

Cluster 2 (moderate competence) reflected transitional readiness: participants showed openness
to experimentation but required sustained PD and systemic support to enact digitally, multilingual,
enhanced learning environments. Their responses point to partial TCK/TPK integration but gaps in
embedding digital tools in everyday instruction, echoing similar “middle-stage” orientations
identified elsewhere [72]. This profile suggests that scaffolded, collaborative PD communities are
essential to move teachers from sporadic tool use toward embedded, equity-focused, and digitally
enhanced learning environment applications.
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Cluster 3 (low competence) was characterized by limited digital confidence and heavy reliance
on external enablers. These teachers often equated competence with basic operational skills, while
expressing uncertainty about pedagogical applications—a finding consistent with studies showing
educators in similar contexts prioritizing technical literacy over critical, inclusive digital pedagogy
[33]. From a sustainability perspective, this profile underscores how inequitable access to
infrastructure and training deepens digital divides, limiting schools’ capacity to contribute to SDG 4
(quality education) and SDG 10 (reduced inequalities).

4.2. RQ2: Role of Contextual Factors

Across all clusters, contextual barriers—particularly inadequate infrastructure, insufficient or
non-contextualized PD, uneven student access, and limited time—emerged as decisive in shaping
teachers’ ability to enact DCs. These factors consistently clustered with training and pedagogical
application codes, highlighting how structural inequalities directly mediate professional practice.
Students’ linguistic diversity and digital readiness were frequently described as challenges rather
than opportunities, underscoring the need for training that reframes diversity as an asset, in line with
recent policy reports [16,17].

Cluster comparisons revealed a gradient of contextual dependence. Teachers in Cluster 1
acknowledged systemic constraints but treated them as secondary to PD, suggesting resilience and a
primarily pedagogical orientation. Cluster 2 demonstrated the strongest context orientation, viewing
training and infrastructure as mutually reinforcing and essential for growth. Cluster 3 placed
contextual barriers at the centre: without systemic support, digital integration was perceived as
unattainable. Taken together, these contrasts show that the contribution of digital pedagogy in the
teaching and learning level of quality education cannot be achieved unless the systemic level is also
met. Instead, interventions must be tailored to how teachers position contextual factors relative to
their competence: advanced PD for Cluster 1, scaffolded opportunities for Cluster 2, and foundational
support for Cluster 3.

Building on these findings, the study recommends continuous, collaborative, and context-
sensitive PD explicitly aligned with equity and inclusion goals. This echoes for sustained, practice-
oriented training rather than generic digital literacy programs [33,34]. Integrating DigCompEdu and
TPACK within teacher education emerges not only as a pedagogical imperative but also as a response
to systemic inequalities, positioning DC as a lever for advancing SDG 4 and SDG 10. Variability of
teacher profiles highlights the inadequacy of one-size-fits-all approaches, aligning with global reports
advocating differentiated, sustainable pathways [16,73]. Systemic investments in infrastructure,
mentoring, and communities of practice are equally vital, echoing Zhou, Singh, and Kaushik’s [74]
argument that reducing the digital divide requires both resource provision and inclusive pedagogical
frameworks. By situating digital readiness within institutional and cultural realities, this study
provides actionable guidance for policymakers, school leaders, and teacher educators seeking to
translate technological potential into inclusive, high-quality learning.

While this study provides valuable insights into teachers’” DCs in multilingual and multicultural
mainstream classrooms in primary education, certain limitations must be acknowledged. The sample
was limited to in-service teachers in Greece and Cyprus, making findings context-specific and not
directly generalizable to other settings. Moreover, reliance on self-perception measures may not fully
capture enacted practices and could be affected by social desirability bias [14].

Future research should expand beyond southern Europe to examine whether similar
competence profiles emerge across diverse educational systems. Longitudinal mixed-methods
studies could track teachers’ movement between profiles over time, particularly when exposed to
differentiated PD programs. Additionally, exploring how students” own multilingual and digital
practices can be leveraged as resources may help reposition diversity as an opportunity for
sustainable pedagogy.
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Abbreviations

The following abbreviations are used in this manuscript:

TPACK Technological Pedagogical Content Knowledge
DigCompEdu Digital Competence Framework for Educators
TK Technological Knowledge

PK Pedagogical Knowledge

CK Content Knowledge

TPK Technological Pedagogical Knowledge

TCK Technological Content Knowledge

PCK Pedagogical Content Knowledge

XK Contextual Knowledge

PD Professional Development

DC Digital Competence

SDG Sustainable Development Goal

Appendix A

The Questionnaire Items

Section A: Demographic Information

Gender

Age

Country of employment

School and district

Subjects taught

Studies

Years of teaching experience

Employment status

Grades currently taught

Percentage of multilingual/migrant-background students in class
First/mother tongues of multilingual students

Section B: Teaching Students with Greek as a Second Language
(If there are students who have Greek as a second language in the mainstream classroom, I can...)
Teach the same linguistic phenomena in a different way
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Design/apply activities to support oral comprehension

Design/apply activities to support oral production

Design/apply activities to support reading comprehension

Design/apply activities to support writing production

Use translanguaging practices

Teach grammar indirectly (form-focused instruction, strategies)

Teach vocabulary using strategies (e.g., metacognitive, social)

Teach language through school subjects (e.g., CLIL, various text types)
Focus on communication conventions (e.g., politeness, register, speech acts)
Open-ended: “What else concerns you about language teaching in general classrooms that include
children with Greek as a second language?”

Section C: Intercultural Education Practices

(“I can organize lessons and school activities based on intercultural education values so that...”)
Intercultural education concerns everyone

Human rights are respected

Interaction and collaboration in intercultural settings are developed

All students contribute equally to group activities

Children understand when texts/ideas are culturally determined

Critical and analytical thinking is fostered

Conflicts are resolved democratically

Active listening and empathy are promoted

Active citizenship is promoted

Children understand that all language varieties have equal value and functionality
Open-ended: “What else concerns you in the multicultural and multilingual school environment
(lessons, activities)?”

Section D: Digital Competence in Intercultural Education

(“I can use digital tools and applications for language and subject teaching in intercultural contexts,
such as...”)

Mobile devices (e.g. tablets)

General software (e.g. MS Word, PowerPoint)

Collaborative tools (e.g. Google Docs, webpage translators)

Simulations (e.g. history maps, science experiments)

Programming environments (e.g. Scratch, NetLogo)

Dynamic manipulation tools (e.g. GeoGebra)

Multimodal material creation tools (e.g. Animoto, MindMeister, Timetoast)

Artistic creation tools (e.g. KidPix)

Educational digital games

Robotics technologies

Open-ended: “What else concerns you regarding the use of digital technologies, tools, and
applications in your teaching?”
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