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Abstract

Digital competence is crucial for technology integration in education, with
teacher educators playing a vital role in preparing student teachers for digitalized
environments. In our conceptualization of teachers’ digital competence (TDC), we
emphasize its embeddedness in a professional context. The Digital Competence for
Educators (DigCompEdu) framework aligns with this understanding, yet research
focusing on teacher educators is limited. To address this gap, we followed a
quantitative research strategy to explore different sources of validity evidence for
the DigCompEdu in a small, non-representative Hungarian teacher-educator sample
(N=183) via an online questionnaire. Our study, regarding the DigCompEdu as a
measure of TDC, aims to (1) establish validity evidence based on internal structure
concerns via Partial Least Squares structural equation modelling to evaluate the
validity and reliability of the tool, (2) compare TDC self-categorization with test
results to provide validity evidence based on the consequences of testing, and (3)
explore validity evidence based on relationships of TDC with other variables such
as age, technological, and pedagogical competence. Our findings reveal a significant
mediating effect of professional engagement on teacher educators’ ability to support
student teachers’ digital competence development. Despite the sample’s limitation,
this study contributes to refining the DigCompEdu framework and highlights the
importance of professional engagement in fostering digital competence among
teacher educators.
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1 Introduction

The integration of technology into education is essential for equipping students with
the necessary skills for a rapidly digitizing world (Llorente-Cejudo et al., 2023;
Starkey, 2020). Preparing student teachers to use digital technologies has been an
enduring focus in teacher education (Falloon, 2020). This issue has gained even
greater importance due to school closures during the COVID-19 pandemic (Konig
et al., 2020).

Teacher educators have an important role in this issue, as they are digital
role models for student teachers which can be a useful way to provide ideas for
integrating information-communication technologies (ICT) in teaching (Rgkenes
& Krumsvik, 2016; Saltos-Rivas et al., 2023). Although, teacher educators often
possess limited digital competence which hinders their ability to guide pre-service
teachers in technology integration (Cabero-Almenara et al., 2021). A recent
study exploring factors related to digital competence found a low level of digital
technology use (due to a lack of pedagogical and technological knowledge) in the
case of Hungarian teacher educators (Dring6-Horvath, 2018). In our study, we aim
to explore this issue further, by focusing on teacher digital competence (TDC).

Insufficient exposure to digital technologies in teacher training programmes is
linked to a lack of self-efficacy and use of technology among teachers (Amhag et al.,
2019). Others pointed out a mismatch between the demands early-career teach-
ers face and the preparation they receive regarding the use of digital technologies
(Instefjord & Munthe, 2017). Furthermore, recent research confirms that lecturers
lack the skills to use ICT for didactical purposes in university teaching (Liesa-Orus
et al., 2023). In our study, we aim to explore this issue regarding the Hungarian
teacher education context.

Since teacher preparation plays a pivotal role in building digitally competent
teachers, there’s a need to address potential gaps in teacher educators’ digital com-
petencies (Krumsvik, 2014; Tgmte et al., 2015). However, the concept of TDC lacks
consensus in operationalization (Claro et al., 2024).

To address these research gaps, our study adds to the theoretical and practical
understanding of TDC focusing on teacher educators by establishing comprehensive
validity evidence for measuring TDC.

The remainder of this article is organized as follows. In Section 2 we provide an
overview of the concept of TDC, especially focusing on a higher education setting.
We introduce frameworks describing TDC and explore previous research results.
Based on the critical review of previous studies, we state the aims of our empirical
research. In Section 3, we provide a detailed description of the methodology of our
study. In Section 4, we describe the results of the study organized by our research
questions. Next, in Section 5 we discuss the major findings, implications and
limitations of our study and finally, in Section 6 we close the article by describing
our conclusions.
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2 Literature review
2.1 Frameworks for teacher digital competence

The literature clearly distinguishes between digital literacy, as an ability to under-
stand and use information presented via computers and digital competence, as
proficiency in using ICT in a professional context (Spante et al., 2018). This later
notion of digital competence corresponds to the integration of ICT in a daily
work setting which follows the concept of professional digital competence: the
ability of teachers to work in a digitalized environment (e.g. teaching with digital
tools, managing digital learning environments etc.) as defined by Starkey (2020).
The concept of professional digital competence signals a shift towards a more
complex, context-sensitive understanding of TDC (McDonagh et al., 2021; Sid-
diq et al., 2024).

According to Falloon (2020), there are several frameworks and models were
built to assess and develop the digital capability of teachers, such as:

e SAMR (Substitution Augmentation Modification Redefinition) model (Puent-
edura, 2003).

e TPACK (Technological, Pedagogical and Content Knowledge) model (Mishra
& Koehler, 20006).

e DECK (distributed thinking and knowing, engagement, communication and
community, knowledge building) framework (Fisher et al., 2012).
CDL (Critical Digital Literacy) framework (Hinrichsen & Coombs, 2013).
TEIL (Teacher Education Information Literacy) framework (Klebansky &
Fraser, 2013).

e ISTE (International Society for Technology in Education) standards for edu-
cators (https://www.iste.org/standards/for-educators).

e Digital Competence of Educators (DigCompEdu) framework (Redecker,
2017).

e PIC (passive, interactive, creative) — RAT (replace, amplify, transform) frame-
work (Kimmons et al., 2020).

e TDC (Teacher Digital Competence) framework (Falloon, 2020).

The presented models and their combinations frequently form the basis of
research on digital competencies among teachers (Agyei & Voogt, 2011; Cerratto
Pargman et al., 2018; Chou et al., 2020; Phillips, 2017), teachers and students
(Akturk & Ozturk, 2019; Hunter, 2017; Reichert & Mouza, 2018) and teacher
educators (Nelson et al., 2019). It is out of the scope of this paper to compare all
the different frameworks. For a detailed analysis from a pedagogical perspective
see for example the article of Kimmons et al. (2020).

Previous research using such frameworks rarely focused on the pedagogy
related to digital competence (i.e. lack of focus on the context-sensitive under-
standing of TDC) and mainly focused on students (Zhao et al., 2021) and less
on teacher educators (Krumsvik, 2014). Our study intends to fill this gap by
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using TPACK (as a theoretical framework), as one of the most widespread frame-
works that encompasses pedagogical aspects in conceptualizing TDC, and test
the validity and reliability of the DigCompEdu, a relatively new instrument that
was not applied in a Hungarian context before. Since DigCompEdu is a compre-
hensive framework, able to grasp contextual and pedagogical factors in explain-
ing TDC (Muammar et al., 2023), it is well-suited to the aims of this research.
Next, we present the relevant aspects of the TPACK model and the DigCompEdu
framework.

2.1.1 The TPACK model

The most widespread framework is the TPACK (Technological, Pedagogical and
Content Knowledge) model (Mishra & Koehler, 2006). TPACK can be used as
a theoretical or analytical framework to explain or interpret digital technology
use and technology integration (Akturk & Ozturk, 2019; Atun & Usta, 2019;
Y.-H. Chen & Jang, 2019; De Freitas & Spangenberg, 2019; Dorfman et al.,
2019; Ocak & Baran, 2019). The model describes the intersections of content
knowledge (CK), pedagogical knowledge (PK), technology knowledge (TK),
pedagogical content knowledge (PCK), technological content knowledge (TCK),
technological pedagogical knowledge (TPK) and technological pedagogical con-
tent knowledge (TPACK) depicted in Fig. 1. CK is a teacher’s understanding of
the specific subject matter they teach. PK is the teachers’ knowledge of teach-
ing methods, classroom management, student learning processes etc. TK is the
teachers’ understanding of technologies, their functions and applications. PCK
is the teachers’ ability to transform a given subject matter into an engaging les-
son. TCK is a teacher’s understanding of how they can use technology to present

Fig. 1 The TPACK model
developed by Mishra and Koe-
hler (Source: https://tpack.org/) Technological
Pedagogical Content
Knowledge
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the given subject matter. TPK is teachers’ knowledge of how technology can
be used to transform the teaching and learning process. Finally, TPACK is a
teacher’s ability to use technology for the teaching of a given subject (Mishra
& Koehler, 2006). In addition, the model also emphasizes that TPACK is situ-
ated and understood in a given context, addressing Contextual Knowledge (XK)
which is a teacher’s understanding of the organizational context (Mishra, 2019).

In the comprehensive, survey-based research of Nelson et al. (2019) - which
took place among 842 US teacher educators across 50 US states — the authors
examined the state and direction of technology integration preparation in teacher
education programs. Their study showed that adoption of TPACK is generally
low among teacher educators, and it is affected by complex institutional and
personal factors. Development in the areas of TPACK is a contextualized pro-
cess (Phillips, 2016), its enactment is socially mediated in the workplace and
can be considered as professional identity development (Phillips, 2017). Clarke
(2017) emphasizes the importance of self-reflection and the role of communities
of practice in developing teachers’ TPACK. Development in TPACK is linked
to better learning outcomes, and increased motivation and attention of students
(Atun & Usta, 2019; Chandra & Mills, 2015; Chang et al., 2013; C.-C. Chen &
Lin, 2016; Clarke, 2017). Therefore, it is important for student teachers to con-
tinuously reflect on their pedagogical beliefs regarding the use of digital tech-
nologies for pedagogical purposes (Otrel-Cass et al., 2012).

Besides TPACK elements and self-reflection, age is often discussed with digi-
tal competencies (Starkey, 2020). For example, Agyei and Voogt (2011) found
that younger teachers reported a higher level of anxiety, while experienced
teachers reported a higher level of digital competence. Guo et al. (2008) found
no differences in ICT scores between digital natives and digital immigrants.
Another cross-national research — including 6 European and Asian countries,
and 574 teacher educators — found a correlation between age and TPACK fac-
tors, but no correlation between gender, academic level and TPACK (Castéra
et al., 2020). The ambiguous results between the connection of age and TPACK
are also supported by Jiménez-Hernandez et al. (2020). Therefore, in our study,
we will also focus on age, and technological and pedagogical competencies as
determinants of teacher digital competence.

Although TPACK is a widely used framework, it is often criticized for its
inaccurate and insufficient definitions, its lack of practicality (Willermark, 2018)
and its lack of focus on associated competencies that would aid implementa-
tion (Falloon, 2020). The previously highlighted DigCompEdu framework offers
a better-operationalised conceptualization of TDC which encompasses the pro-
fessional expertise of teachers and also their professional development (Spante
et al., 2018). Considering that DigCompEdu is based on extensive expert and
stakeholder consultations and aims to structure existing insights and evidence
into one comprehensive model that applies to all educational contexts (Caena
& Redecker, 2019) it can be considered as a useful self-reflection tool to assess
teacher educators’ digital competencies. The next section will describe the Dig-
CompEdu in detail.
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2.1.2 Digital competence of educators (DigCompEdu)

The European Commission Joint Research Centre has developed a digital
competence framework, especially for education: the European Framework for the
Digital Competence of Educators. The DigCompEdu helps to better understand
the digital competencies teachers need to develop to meaningfully integrate digital
technologies in education and support students in acquiring digital competencies
(Redecker, 2017). The framework captures educators’ digital competencies in
six areas (described by 22 statements altogether). The six areas (Fig. 2) cover
educators’ professional and pedagogical competencies and include learners’
competencies as well:

e Area 1: Professional Engagement: Using digital technologies for communica-
tion, collaboration and professional development.
Area 2: Digital Resources: Sourcing, creating and sharing digital resources.
Area 3: Teaching and Learning: Managing and orchestrating the use of digital
technologies in teaching and learning.

e Area4: Assessment: Using digital technologies and strategies to enhance assess-
ment.

e Area 5: Empowering Learners: Using digital technologies to enhance inclusion,
personalization and learners’ active engagement.

e Area 6: Facilitating Learners’ Digital Competence: Enabling learners to crea-
tively and responsibly use digital technologies for information, communication,
content creation, wellbeing and problem-solving.” (Redecker, 2017, p. 16).

The model (according to the respondents’ strengths and weaknesses in each
area) also sorts respondents into different proficiency levels of digital competence
— similar to the Common European Framework of Reference for Languages which
also differentiates 6 levels, from Al to C2.

Educators’ professional Educators’ pedagogic Learners
competences competences competences
DIGITAL TEACHING

RESOURCES AND LEARNING
Q Selecting Q Teaching
o FACILITATING
LEARNERS' DIGITAL
Q Creating & modifyin Suid
| Organisational o RS Q blkcance COMPETENCE
communication A Managing, 5 N Information &
— % protecting shariog @ cotavorative eaming ) &l
collaboratn @ conmncaion
Q Self-regulated learning
@ refiective practice ! Q Content creation
EMPOWERING
ASSESSMENT i -
Digital CPD o LEARNERS Q Responsible us

@ Problem solving

Accessibility

Q Assessment strategies
Q Analysing evidence
@) reccback & planning

& inclusion
Differentation

& personalisation
Actively

engaging leamers ——

Fig.2 The DigCompEdu framework (Redecker, 2017, p. 16)
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2.1.3 Previous studies regarding the validity of the DigCompEdu

Previous empirical studies confirmed the validity of the instrument in a Moroccan
(Benali et al., 2018), German (Ghomi & Redecker, 2019) and Spanish (higher edu-
cation) sample (Cabero-Almenara et al., 2020). The validity of the tool was further
confirmed by Parraga et al. (2022), Llorente-Cejudo et al. (2023) and Inamorato dos
Santos et al. (2023). Researchers point out potential reliability issues (e.g. regard-
ing digital resources (Ghomi & Redecker, 2019) or suggest removing items (e.g.
Pérraga et al., 2022), therefore we follow the suggestions of Llorente-Cejudo et al.
(2023) and revisit the validity and reliability of the instrument. Our paper accompa-
nies the list of DigCompEdu validation studies with a Hungarian (teacher educator)
sample. Validity is considered as a unitary concept examining different sources for
validity evidence (Reeves & Marbach-Ad, 2016). In our study we explore validity
evidence based on internal structure concerns (,,the degree to which the relation-
ships among test item and test components conform to the construct on which the
proposed test score interpretations are based” (AERA, 2014), consequences of test-
ing (,,soundness of proposed interpretations for their intended uses” (AERA, 2014,
p. 19) and relations with other variables (,,the relationship of test scores to variables
external to the test” (AERA, 2014, p. 16).

2.2 Present study

Although the DigCompEdu was validated in several cases, some studies pointed
out potential reliability and validity issues. In addition, teacher educators’ digital
competence has rarely been addressed in previous studies. It is important to
reevaluate these measurement tools in different contexts to provide further validity
evidence, therefore in our study, we explore validity evidence for the DigCompEdu
based on internal structure concerns (,,the degree to which the relationships among
test item and test components conform to the construct on which the proposed
test score interpretations are based” (AERA, 2014) regarding a Hungarian teacher
educator sample.

We hypothesise that (H1) the DigCompEdu will demonstrate evidence of validity
based on internal structure, as indicated by strong internal consistency and reliabil-
ity measures.

Previous studies often showed that respondents overestimate their digital skills
in self-reported measures (Tomczyk, 2021). The DigCompEdu instrument allows
for self-categorization of the level of digital competence before completing the Dig-
CompEdu questionnaire and directly after that. Inamorato dos Santos et al. (2023)
found that respondents tended to change their perceptions to higher proficiency
levels after completing the questionnaire. As Wang and Chu (2023) also highlight,
self-efficacy (believing in one’s capability to plan and execute an action to reach
an outcome (Bandura et al., 1999) can have a direct effect on behaviour, predicting
digital competence. However, self-reflection as required for establishing the level
of self-efficacy in TDC is rarely addressed in studies (Bilbao Aiastui et al., 2021).
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Therefore, in our study, we explore validity evidence based on the consequences
of testing (,,soundness of proposed interpretations for their intended uses” (AERA,
2014, p. 19).

We hypothesise that (H2) the DigCompEdu will demonstrate evidence of validity
based on consequences of testing, as indicated by a significant relationship between
teachers’ self-categorization of their digital competency level and categorisation
based on the results of the DigCompEdu.

Further studies explored TDC concerning background variables. Most notably,
the systematic mapping study of Saltos-Rivas et al. (2023) explored the ambigu-
ous results of different variables on university teachers’ digital competence. While
focusing on digital competence in general, the study found a positive effect of age
and teaching experience, while considering digital teaching competence, the results
indicated a negative effect for both variables. This raises our attention to the estab-
lished logic of the TPACK model, allowing for a complex understanding of the
technological and pedagogical aspects of TDC. Therefore, in our study, we explore
validity evidence based on relations with other variables (,,the relationship of test
scores to variables external to the test” (AERA, 2014, p. 16).

We hypothesise that (H3) the DigCompEdu will demonstrate evidence of valid-
ity based on relations to other variables, as indicated by significant connections
between test scores and respondents’ age, technological competence (as measured
by participation in ITC training), and pedagogical competence (as measured by hav-
ing teaching qualifications).

By providing further validity evidence for the DigCompEdu tool, our study could
contribute to replicating the results of previous validation studies and further our
understanding of TDC regarding a teacher-educator sample.

3 Methodology
3.1 Research design

The study followed a quantitative, non-experimental, correlational research design
(Johnson, 2001) to establish comprehensive validity evidence for the DigCompEdu
framework, focusing on teacher educators’ digital competencies. The design allows
the examination of the relationships between variables as they naturally occur, with-
out manipulation. Furthermore, in alignment with our research aim, we wanted to
adapt a previously validated tool to measure TDC in a less explored target group
(teacher educators).

We implemented an online questionnaire (using Qualtrics) for Hungarian teacher
educators as a data collection method due to its efficiency in reaching a large num-
ber of respondents. First, we developed the research instrument, which involved a
carefully planned translation process and pilot testing (described in Section 3.2).
After that, the data gathering took place, for which we needed to map potential par-
ticipants and send them the call for participation and the informed consent form
(described in Section 3.3). The whole research process is illustrated in Fig. 3 and
further detailed in the upcoming sections.
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2. Pre- 4. DataProcessing
and analysis (~1
week)

administration
setup (~7 weeks)

1.Forward translation (2 weeks)

2.Version consolidation (1 week)

3.Back translation (2 weeks)

4.Cross-version comparison (1
week)

5.Pilot testing (2 weeks)

6. Instrument Refinement (1 week)

“ 3rounds of (1 week each) data
gathering rounds with reminder e-
mails in between and continuous
response rate monitoring

1.Data cleaning

2.Computing scores,
categorizations

3.Descriptive statistics of the

sample

4.Statistical analyses based on the
hypotheses

1.Participant database creation (1
month - parallel with instrument
preparation)

2.0nline questionnaire setup (1
week)

3.Research ethics permission

submission (2 weeks)

1. Instrument
preparation (~9
weeks)

3. Datacollection 5.Write-up of the results

(~38 weeks)

Fig.3 Stages of the research

We conducted the research following general research ethics regulations,
approved by the Research Ethics Committee of the corresponding author’s univer-
sity. Participation was voluntary, respondents received adequate information regard-
ing the research project and gave their consent before participation.

The following table summarizes our research aims, hypotheses and criteria for
testing them (Table 1).

In the following sections, we are going to describe the research instrument, the par-
ticipants of the study, the data-gathering process and the characteristics of the sample.

3.2 Research instrument

We used the DigCompEdu questionnaire developed by the Joint Research Cen-
tre of the European Commission and following the aims of our study, we relied on
the higher education-specific version (CheckIn for Higher Education — The tool has
been discontinued as of 31 January 2022 and an updated version is available at the
JRC website.). As there was no Hungarian version available, we followed the guide-
lines for cross-cultural adaptation of self-report measures (Beaton et al., 2000). First,
two independent experts (with native Hungarian language and a high level of Eng-
lish expertise) translated the English questionnaire into Hungarian (forward transla-
tion). One of the translators was an expert in digital education, the other was not.
The authors, acting as an expert group consolidated the two translations, solving any
discrepancies between the two versions. In the next stage, two other experts (who
were naive to the outcome measured) translated the Hungarian version back to Eng-
lish (back translation). The original and the new English versions were checked again
for semantic, idiomatic, experiential and conceptual equivalence by the authors act-
ing as an expert group refining the instrument. During the process, authors carefully
discussed each of the 22 items to reflect the original claims in the most accurate way
and at the same time ensure that they are understandable in Hungarian higher educa-
tion contexts as well. The final version of the translated questionnaire was piloted via
structured interviews in a cognitive testing process by 10 higher education teachers.
Based on the feedback, the instrument was fine-tuned by the expert group to better
reflect the peculiarities of the Hungarian language and Hungarian higher education.
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The final instrument consisted of 5 blocks:

1. block: demographic questions (gender, age, work tenure, teaching qualification,
disciplinary area, participation in ICT-trainings),

2. block: self-rate question regarding the participants’ perception of their level of
digital competence,

3. block: the DigCompEdu instrument (22 items in 6 areas) introduced in detail in
Section 2.1.2. (The DigCompEdu instrument is in Appendix Table 10).

4. block: another self-rate question, presented after completing the DigCompEdu
instrument so participants could rate their level of digital competence again.

Respondents could rate each statement of the DigCompEdu on a 5-point scale
where each scale point was uniquely described along with the various levels of com-
petence. For example, for the first item of Professional Engagement, respondents could
have rated their level of competence (from A1 to C2) along the following scale:

e I rarely use digital communication channels.

e [ use basic digital communication channels, e.g. e-mail.

e I combine different communication channels, e.g. e-mail and class blog or the
department’s website.

e [ systematically select, adjust and combine different digital solutions to commu-
nicate effectively.

e [ reflect on, discuss and proactively develop my communication strategies.

The response options are described more precisely, therefore providing the oppor-
tunity for higher validity, but this aspect also makes the questionnaire more complex
and would require more time to complete.

3.3 Participants of the study and data gathering

Our research focused on Hungarian teacher educators. Unfortunately, the Hungarian
education system does not provide statistics regarding the number of academics
teaching in different educational programmes since this is an internal human
resource management decision of higher education institutions. As a method
for gathering respondents for our questionnaire, we mapped the webpages of all
universities which provide general teacher education in Hungary (13 HEIs out of
the 63 HEIs in Hungary) and selected the e-mail addresses of those academics
who teach in departments related to teacher education (Faculties of Humanities,
Informatics, Natural Sciences, Institutes of Education and Psychology, departments
of different subject didactics). Altogether we gathered 1675 e-mail addresses which
can be considered a well-established professional guess regarding the size of the
population. In the summer of 2019, the questionnaire was sent to the selected 1675
academics teaching in fields related to teacher education in universities where they
provide teacher education programmes. Although we have identified and reached
out to the whole population of teacher educators, our sampling is considered a
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non-probability sampling with voluntary responses. Data gathering lasted for 3
weeks with an additional two reminders after the first two weeks. After data cleaning
(filtering out incomplete questionnaires, questionnaires that were completed in less
than 5 min) we retained 183 questionnaires.

The percentage of returned questionnaires (~11%) raises several questions
regarding possible biases, upon which our methodology should be fine-tuned (e.g.
the questionnaire was too long, and not all respondents finished it; the questionnaire
was sent to all employees, but only those filled in who have higher competencies in
ICT or check official emails more regularly). A solution would be to decrease the
complexity of the instrument by employing a simple Likert-scale version instead of
the detailed descriptors. This approach would diminish the complexity of the instru-
ment and its usability as a self-reflection tool, but it would provide more compre-
hensive data in terms of respondents and unlock other analysis methods that require
continuous variables.

3.4 Sample

As we cannot describe the population of teacher educators (as we mentioned in the
previous section) we cannot make claims regarding the representativeness of our
sample. However, according to the professional estimate of the authors, the sample
can be treated as balanced regarding gender, age, work tenure and teaching quali-
fications of respondents as the population of Hungarian teacher educators is also
skewed towards females. Table 2 describes the characteristics of our sample.

Since our aims are exploratory regarding the validity and reliability of the instru-
ment, we cannot generalize our results to the Hungarian teacher-educator popula-
tion, but it is sufficient for answering the questions raised in this study.

Table 2 Descriptive statistics of

Grouping variable Categories Frequency  Percent
the sample

Gender male 59 32.2%
female 121 66.1%
Missing 3 1.6%

Age -30 30 16.4%
3140 25 13.7%
41-50 55 30.1%
51-60 48 26.2%
61 - 25 13.7%

Teaching qualifications No 22 12%
Yes 158 86.3%
Missing 3 1.6%

Participation in ICT-training ~ No 49 26.8%
Yes 75 41%
As a trainer 18 9.8%
Missing 41 22.4%
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4 Results

This study aimed to assess the reliability and validity of the DigCompEdu ques-
tionnaire and its application in the Hungarian teacher education context. We exam-
ined validity based on contemporary concepts, considering test interpretation and
use. First, we explored validity evidence based on internal structure concerns (H1)
and based on the consequences of testing (H2), then we examined validity evidence
based on relations with other variables (age, technological and pedagogical com-
petence as measured by ICT-training participation and teaching qualification) (H3).

4.1 Validity evidence based on internal structure concerns

Validity evidence based on internal structure concerns means ,,the degree to which
the relationships among test items and test components conform to the construct
on which the proposed test score interpretations are based” (AERA, 2014). As the
DigCompEdu is a well-established tool from a theoretical perspective, we set out to
evaluate this theoretical model with factor analysis using the Partial Least Squares
(PLS) approach as implemented in SmartPLS 3. PLS is recommended for explora-
tory research and works well with small sample sizes (Hair et al., 2019; Lowry &
Gaskin, 2014). Furthermore, we decided to use a PLS approach instead of a covar-
iance-based (CB) approach because our data is non-metric (ordinal) and non-nor-
mally distributed, and our sample size is small. According to Hair et al. (2017) sug-
gestions, in this case, a PLS approach is appropriate.

Based on the theoretical model of the DigCompEdu we draw the following factor
structure for the initial analysis. Using a partially least square structural equation model-
ling in SmartPLS 3. (For those who are not familiar with the technical details regarding
the PLS-SEM approach, the software review of Sarstedt and Cheah (2019) could offer
some pointers). We employed a Factor weighting scheme using a maximum of 1000
iterations and bootstrapping (1000 subsamples) using a two-tailed significance alpha
level of 0.05 and a bias-corrected and accelerated confidence interval method. We used
the standardised (Z scores) values for our variables. The results of the PLS algorithm
show the outer loadings of reflective factors, the path coefficients between factors and R
measures of the explained variance of the factors by their indicators (see Fig. 4).

The SmartPLS 3 software provides path coefficients (with # statistics and p val-
ues after bootstrapping), outer loadings, R?, reliability measures (Average Variance
Explained - AVE, Composite Reliability - CR, Cronbach’s Alpha) and model fit
measures (Standardized Root Mean Residual - SRMR). Along with these indicators,
we can assess the theoretical factor structure.

First, we consider the outer loadings of indicators on the different factors. Accord-
ing to Hair et al. (2019), an outer loading that is higher than 0.705 can be considered
acceptable. Table 3 summarizes the outer loadings for the theoretical model.

Several items fail to reach the threshold of 0.7, the items for Area 2. Digital
Resources are especially problematic. Further analysing the model, we can have a
look at the path coefficients between our factors (Table 4).
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Fig.4 The theoretical model of DigCompEdu. Note. PE - Professional Engagement; DR - Digital
Resources; TL - Teaching and Learning; AS - Assessment; EL - Empowering Learners; FLDC - Facili-
tating Learners’ Digital Competencies

Table 3. Outer loadings of the AS DR EL FLDC  PE TL
theoretical model

AS1 0.862

AS2 0.606

AS3 0.755

DR1 0.519

DR2 0.566

DR3 0.475

EL1 0.665

EL2 0.735

EL3 0.707

FLDCl1 0.489

FLDC2 0.825

FLDC3 0.525

FLDC4 0.634

FLDC5 0.793

PE1 0.662

PE2 0.737

PE3 0.780

PE4 0.725

TL1 0.753
TL2 0.682
TL3 0.564
TL4 0.806

PE Professional Engagement, DR Digital Resources, TL Teaching
and Learning, AS Assessment, EL Empowering Learners, FLDC -
Facilitating Learners’ Digital Competencies
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Table 4 Path coefficients in the theoretical model

Original Sample (O) Sample Mean (M) Standard t statistics (I0/SDI) p

Deviation

(SD)
AS ->FLDC -3.264 0.527 14.542 0.224 0.822
DR -> FLDC 5.442 0.156 10.710 0.508 0.612
EL -> FLDC 11.592 -1.047 28.721 0.404 0.687
PE -> AS 0.813 0.815 0.056 14.554 <0.001
PE -> DR 1.064 1.072 0.071 15.060 <0.001
PE -> EL 0.819 0.822 0.056 14.573 <0.001
PE -> FLDC -2.239 -0.027 7.872 0.284 0.776
PE -> TL 0.877 0.879 0.046 19.044 <0.001
TL -> FLDC -10.970 1.313 23.868 0.460 0.646

PE Professional Engagement, DR Digital Resources, 7L Teaching and Learning, AS Assessment,
EL Empowering Learners, FLDC Facilitating Learners’ Digital Competencies

The analysis shows that the path coefficients between Professional Engagement
and other areas (except for Facilitating Learners’ Digital Competencies) are sig-
nificant, while other areas show no significant connection to the outcome variable.
Finally, we will look at the reliability measures (Table 5).

According to the rule of thumb provided by Hair et al. (2019), the internal consist-
ency reliability of Area 2 (Digital Resources) of our model seems to be rather prob-
lematic. Problems with the factor of Digital Resources are also reported by Ghomi
and Redecker (2019) in a German sample. We also identified issues concerning other
factors (DR, EL, FLDC, TL) regarding their convergent validity (AVE <0.50) as well,
which prompted us to reconsider the factor structure of the instrument.

According to the results of the analysis, we considered removing items with low
outer loadings (PE1, DR1, DR2, DR3, AS2, EL1, TL2, TL3, FLDCI1, FLDC3).
The analysis highlighted all three elements of Digital Resources (in addition to the
previously highlighted issues), therefore we opted to delete this dimension as it was
reported as a problematic dimension by other researchers as well (e.g. (Ghomi &

Table 5 R(?liability measures of Cronbach’s Alpha CR AVE

the theoretical model
AS 0.781 0.789 0.560
DR 0.530 0.527 0.272
EL 0.743 0.745 0.494
FLDC 0.792 0.794 0.445
PE 0.816 0.817 0.529
TL 0.795 0.797 0.500

PE Professional Engagement, DR Digital Resources, TL Teach-
ing and Learning, AS Assessment, EL Empowering Learners,
FLDC Facilitating Learners’ Digital Competencies
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Redecker, 2019). Considering the joint teaching and research focus of Hungarian
academics, we were confident that the dimension of Digital Resources was more
connected to respondents’ research duties (e.g. use of different internet sites and
search strategies to find resources). Considering elements for Teaching and Learning,
Assessment and Empowering Learners the removal of one element reduced these
dimensions to two indicators which are not ideal, therefore we decided to combine
them as they belong to the broader category of educators’ pedagogical competence.
These elements are often grouped as it is evident for example in the article of
Demeshkant, Potyrata and Tomczyk (2020). Interestingly, items removed describe
such pedagogical practices that relate to collaborative learning (e.g. TL2 - I monitor
my students’ activities and interactions in the collaborative online environments we
use), inclusion and equity perspectives (e.g. AS2 - I analyse all data available to
me to timely identify students who need additional support or EL1 - When I create
digital assignments for students I consider and address potential digital problems.).
These pedagogical elements are not strong in Hungarian higher education (OECD,
2017); therefore, we can expect that the lack of pedagogical consideration could
affect the digital dimension as well. To better reflect academics’ digital competence,
we decided to drop the elements highlighted by low outer loadings.

Regarding the path coefficients, we hypothesized that factors describing edu-
cators’ pedagogical competencies (assessment, teaching and learning, empower-
ing learners) should be considered as one factor (digital competencies), while we
retained professional engagement (as educators’ professional competencies) and
facilitating learners’ digital competencies as an outcome variable. This restruc-
turing didn’t hurt the original dimensionality of the DigCompEdu instrument
since such categorisation also exists regarding the model.

The new, empirical model was also evaluated using the algorithms of SmartPLS
3 using the same settings as before. Figure 5 describes the results of our analysis.

The new model has better outer loadings than the theoretical model which are
presented in Table 6.

AS1 AS3 EL2 EL3 LN L4

A /

0775 0692 0783 0735 0757 03

DigComp\

0857 0791

PE2 / FLDC2
%0733

PE3  4-07735 0133 FLDC4
0715

PE4 FLDC5

ProfEng FLDC

Fig.5 The proposed empirical model for DigCompEdu. Note. ProfEng - Professional Engagement; Dig-
Comp - Educators’ Digital Competence; FLDC - Facilitating Learners’ Digital Competencies
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Table 6 Outer loadings of the

proposed model DigComp FLDC ProfEng

AS1 0.775

AS3 0.692

EL2 0.783

EL3 0.735

TL1 0.757

TL4 0.803

FLDC2 0.793

FLDC4 0.624

FLDC5 0.751

PE2 0.733
PE3 0.773
PE4 0.715

ProfEng Professional Engagement, DigComp Educators’ Digital
Competence, PE Professional Engagement, 7L Teaching and Learn-
ing, AS Assessment, EL Empowering Learners, FLDC Facilitating
Learners’ Digital Competencies

Table 7 Path coefficients of the proposed model

Original Sample Mean (M)  Standard t statistics (I0/SDI)  p
Sample (O) Deviation
(SD)
DigComp -> FLDC 0.791 0.814 0.193 4.105 <0.001
ProfEng -> DigComp  0.857 0.860 0.040 21.513 <0.001
ProfEng -> FLDC 0.133 0.110 0.206 0.649 0.517

ProfEng Professional Engagement, DigComp Educators’ Digital Competence, FLDC Facilitating Learn-
ers’ Digital Competencies

Although the outer loadings for AS3 and FLDC4 are slightly below the threshold
of 0.7 these can be accepted in this new model considering the high outer load-
ings of other items. Also, according to Hair et al. (2021), items with low outer load-
ings should only be excluded if they raise the composite reliability to more than 0.7
— which in our case was already reached. Table 7 shows the path coefficients.

Regarding the results of bootstrapping, the path coefficient between Profes-
sional Engagement and Facilitating Learners’ Digital Competencies is not signifi-
cant (p=.517), while other connections are significant (p <.001).

The model also assumes a mediation effect regarding Professional Engage-
ment through Digital Competence in Facilitating Learners’ Digital Competencies.
Although the direct effect of Professional Engagement on Facilitating Learn-
ers’ Digital Competencies turned out to be not significant, the indirect effect of
Professional Engagement through Digital Competence on Facilitating Learners’
Digital Competencies is significant (0=0.678; SD=0.180; t=3.764; p<.001).
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Table 8 Total effects in the proposed model

Original Sample Mean (M)  Standard t statistics (IO/SDI) p

Sample (O) Deviation
(SD)
DigComp -> FLDC 0.791 0.812 0.188 4.219 <0.001
ProfEng -> DigComp  0.857 0.859 0.039 21.970 <0.001
ProfEng -> FLDC 0.811 0.813 0.044 18.348 <0.001

ProfEng Professional Engagement, DigComp Educators’ Digital Competence, FLDC Facilitating Learn-
ers’ Digital Competencies

Table 9 Reliability measures of Cronbach’s Alpha CR AVE
the proposed model
DigComp 0.890 0.890 0.575
FLDC 0.768 0.768 0.527
ProfEng 0.784 0.785 0.549

ProfEng Professional Engagement, DigComp Educators’ Digital
Competence, FLDC Facilitating Learners’ Digital Competencies

Therefore, we have a full mediation model because the direct effect from the
independent variable to the dependent variable is not significant, while the indi-
rect effect is. Table 8 details the total effects of the model.

In the total effects model, all components are significant, therefore we can con-
clude that our new model adequately reflects the relationship between our factors.
Table 9 details the reliability statistics of the scales.

According to the analysis, all reliability statistics are in order, therefore indi-
cators in our new model reflect the factors adequately. The model fit statistics
for our new model also seem to be satisfactory (SRMR=0.040, 95% CI [0.042;
0.047]). To conclude the results of our PLS factor analysis, we found evidence
based on internal structure concerns (H1) that support our new model, although
the small sample size needs to be considered regarding the generalizability of the
findings. The proposed model for the DigCompEdu takes into consideration the
mediating effect of professional engagement and contains fewer items, therefore
allowing for easier data gathering. Next, we examine whether the DigCompEdu
framework can be used as a self-reflection tool.

4.2 Validity evidence based on the consequences of testing

Validity evidence based on the consequences of testing means the ,,soundness
of proposed interpretations for their intended uses” (AERA, 2014, p. 19). The
intended use of the DigCompEdu is a self-reflection tool for educators to assess
their digital competencies.
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In the questionnaire, respondents had to evaluate their level of digital
competence (based on the system provided by the framework like the Common
European Framework of Reference for Languages: from A1 to C2) within the same
instrument, before completing the DigCompEdu part and again, after answering
all the DigCompEdu items (in the same instrument). We computed their level of
digital competence based on the original model (0-20 points: Al; 20-33 points:
A2; 34-49 points: B1; 50-65 points: B2; 66-80 points: C1; 80—-88 points: C2)
and our new model as well. For that, we summed the scores of professional
engagement, digital competence and facilitating learners’ digital competencies
to get an overall score for DigCompEdu. To achieve a minimum score of O for
easier interpretation and visualization, we transformed the variable by adding
a score of 4.11 to every respondent’s result. Therefore, the new DigCompEdu
variable ranges from O to 9.95, with a mean of 4.11 and a standard deviation of
2.2. The distribution of DigCompEdu differs from the normal distribution (based
on the Kolmogorov-Smirnov test: p <.001). For the categorization, we used the
same percentage distribution of scores as in the original model (0-2.3 points: Al;
2.3-3.8 points: A2; 3.9-5.6 points: B1; 5.7-7.4 points: B2; 7.5-9.1 points: C1;
9.1-9.95 points: C2).

We compared the four categorical variables that describe respondents’ level
of digital competence (self-rating before completing the questionnaire, self-rating
after completing the questionnaire, levels based on the original model, and levels
based on the new model) on the following diagram (Fig. 6) which shows the per-
centage of respondents in each category.

Although we can examine small fluctuations regarding the pre- and post-self-
ratings, we see a completely different picture if we consider the categorization
based on our new model. Respondents rarely categorised themselves (N=1) in the
lowest tier (A1), while the computed scores in our new model suggest a significant
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Fig.6 Categorization of respondents regarding their digital competence based on different sources
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portion of the respondents (N=35) belonging to that category. While most of
the respondents rated their level of digital competence as B1 (N=68 for self-
categorization; N=45 for categorization based on scores from the new model),
according to our new model, the most populated category is A2 (N=54 for self-
categorization; N=60 for categorization based on scores from the new model).
Other studies also reported an intermediate level (B1) of digital competence for
higher education teachers (Cabero-Almenara et al., 2021; Inamorato dos Santos
et al., 2023). To address our hypothesis (H2), we explored the contingency table
of respondents’ self-categorization (after completing the DigCompEdu) and the
categorization based on the scores from the new model. The results indicate
a statistically significant association between the two categorical variables
(x%(25)=202, p<.001) with a moderate association (Cramers’s V=0.470).
Based on the results self-categorization is fairly, but not perfectly, predictive of
categorization based on scores from the new model.

Looking at descriptive differences, we cannot claim validity based on the conse-
quences of testing. While the self-ratings of participants tend to be higher, results
regarding the computed scores based on the proposed model indicate a lower level
of digital competence. As respondents’ self-ratings and their categorization based on
test scores are not congruent (e.g. several respondents identified themselves as hav-
ing a B2 level of digital competence, while according to our model, they are on the
Al level) we cannot confirm the usability of DigCompEdu as a self-reflection tool
(H2). Further research is necessary to gain evidence regarding validity based on the
consequences of testing.

Finally, we examine our model concerning background variables to provide fur-
ther validity evidence for the model.

4.3 Validity evidence based on relations with other variables

Validity evidence based on relations with other variables means ,,the relationship
of test scores to variables external to the test” (AERA, 2014, p. 16). Using the
DigCompEdu variable, which was computed based on our proposed model, we
examined its relation to our background variables (age, teaching qualification, ICT
training) in a sample of Hungarian teacher educators to provide further validity
evidence.

Besides age, the differences in the level of digital competence can be
understood using the TPACK model. The DigCompEdu framework contains
complex items that are a mixture of technological, pedagogical and content
knowledge areas. In our questionnaire, we asked whether participants had
any teaching qualifications (no, yes) or if they had participated in any ICT-
related training (no, yes, as a trainer). We can use these variables as proxies for
pedagogical and technological knowledge respectively as the lack of these aspects
was highlighted by Dring6-Horvath (2018) as the main impediment for Hungarian
teacher educators regarding the use of digital technology. We examined the scores
on DigCompEdu (according to our proposed model) concerning pedagogical
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(teaching qualification) and technological (participation in ICT-related training)
knowledge and age. Setting up all three variables together in a general linear
model we tested between-subjects effects. Based on the results of Levene’s Test
of Equality of Error Variances the error variance can be treated as equal across
groups (based on the median, Levene Statistic (19, 115)=1.451, p=.117).
Regarding heteroskedasticity, the variance of the errors does not depend on the
values of the independent variables according to the modified Breusch-Pagan Test
(X2(1 )=3.24, p=.072). Therefore, we can proceed with the analysis and interpret
the results.

The model itself proved to be significant (F(23)=4.33, p <.001) and the included
variables explained 35,7% (adjusted R?) of the variance of the DigCompEdu score
We found significant main effects for ICT Training (F(2)=14.69, p<.001, ;1
0.203), Age (F(4) = 3.35, p = .012, ’7,, 0.104) but no significant main effects for
Teaching Qualification (F(1) = 1.96, p = .164, ;1 = 0.017). Neither the interaction
effects were significant (ICT Training * Age: F(S)— 1.38, p =.214, '7,, 0.087. ICT
Training * Teacher Qualification: F(2) = 0.18, p = .890, ’1,, 0.002. Age * Teaching
Qualification: F(4) = 0.54, p = .706, n> = 0.018. ICT Training * Age * Teaching
Qualification: F(2) = 1.14, p = .324, n,= 0.019). Figure 7 describes the means of
DigCompEdu along the different groups examined.

Hypothesis 3 is only partially supported as teaching qualification (pedagogical
competence) was not significant in our model, while age and ICT training (tech-
nological competence) showed significant main effects and explained a high por-
tion of the variance of the DigCompEdu score.

12,00

10,00 9,65

8,00
5,62
H 445
4,00
320

2,69 271
m) | I | I I |
0,00

Age: 30 51-60 61-  -30 31-40 4150 61-  -30  6l-  -30 31-40 41-50 51-60 61- -30 31-40 41-50 51-60 6l- -30 31-40 41-50 51-60 61-

ICT:

T: [N | N|N|N|N|N|N|N|N|Y | Y |Y |Y|Y|Y|Y|Y|Y|Y|Y|Y |Y|Y]|Y
Background variables

Fig.7 The scores of teacher educators’ on DigCompEdu based on teaching qualification, ICT training
and age. Note. ICT — Participation in training; TQ — Teaching qualification; Y — Yes; N — No; P — Partici-
pant; T — Trainer
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5 Discussion

The study aimed to assess the reliability and validity of the DigCompEdu question-
naire and its application in the Hungarian teacher education context as a self-reflection
tool. The analysis did not support the theoretical internal structure of the framework;
therefore, a new, empirical model was proposed which takes into consideration the
mediating effect of professional engagement on teacher educators’ ability to support
student teachers’ digital competence development. It is not without precedent that
researchers modify the general structure of the tool. Quast et al. (2023) reinterpreted
the tool by operationalizing the 22 competencies and providing additional items that
created dimensions like administration and professional development, lesson planning,
and privacy and copyright. Considering our study as well, there is room for interpreta-
tion regarding teachers’ digital competence using the DigCompEdu framework.
Although validity evidence was found regarding the internal structure of the pro-
posed model (H1), we failed to show validity evidence based on the consequences of
testing as respondents’ self-ratings and their categorization based on test scores are
not congruent (H2). Comparing the scores based on the modified model we found
validity evidence based on relations with other variables (H3). Technological com-
petence (as measured by participation in ICT training) and age were found to be
significant variables explaining the variance in the DigCompEdu score, while peda-
gogical competence (measured as existing teaching qualification) was not.
Regarding our first hypothesis, the results further diversify the existing validity evi-
dence regarding the intended use of the DigCompEdu instrument. Although Ghomi and
Redecker (2019) reported lower reliability measures for certain areas of the DigCom-
pEdu (Digital Resources, Assessment), overall, they confirmed the validity and reliabil-
ity of the tool. This was the case in the research of Benali et al. (2018) as well, they
found a lower corrected item-total correlation regarding an element from Area 2 (Digi-
tal Resources) but concluded that the DigCompEdu is a valid and reliable tool. This is
the conclusion that Cabero-Almenara et al. (2020) reached as well. Another study by
Cabero-Almenara et al. (2021) validated a 19-item version. Given the different number
of items and methods (the cited studies employ a CB-SEM approach) we cannot com-
pare the exact goodness of fit indices, but the ambiguous results are cause for concern.
Regarding our second hypothesis, the model fails to provide validity evidence based on
the consequences of testing as we found a mismatch between participants’ self-categoriza-
tion and categorization based on the actual scoring of the instrument. Our results suggest
that respondents tend to overestimate their level of digital competence compared to what
the actual scoring proposes. Ghomi and Redecker (2019) found that their participants usu-
ally underestimated their level of digital competence, in our study, it was the contrary.
Regarding our third hypothesis, we proposed that DigCompEdu scores are influ-
enced by technological and pedagogical competencies and by respondents’ age as
well. Analysing these connections, we can state that validity evidence based on rela-
tions with other variables can only be partially supported. We have found significant
differences regarding age and technological competencies but no differences regard-
ing pedagogical competencies. Regarding pedagogical competence, Benali et al.
(2018) reported (on a descriptive level) a higher digital competence for experienced
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teachers (which corresponds to age as well). A large-scale study conducted by the
JRC confirmed that there are no significant differences between younger and more
experienced academics, nor between female and male participants (Inamorato dos
Santos et al., 2023). In our study, age was found as an important variable, but teach-
ing competence was not. Contrary to the previous finding, in our sample younger par-
ticipants showed higher scores on the DigCompEdu. Cabero-Almenara et al. (2020)
report a significant connection between participants’ DigCompEdu score and their
participation in ICT programmes which is in line with our findings as well.

6 Conclusions
6.1 Theoretical contributions

We found ambiguous results regarding the validity of DigCompEdu as a self-reflec-
tion tool. The theoretical added value of our study is the proposed new model as it
provides enough validity evidence based on internal structure concerns and partly,
based on relations with other variables but fails to provide validity evidence based
on the consequences of testing. This latter source of validity is important if we want
to establish DigCompEdu as a valid self-reflection tool (intended use).

Our findings regarding the lack of impact of teaching qualifications on Dig-
CompEdu scores could mean (besides the fact that not the qualification but actual
pedagogical competencies that matter) a discrepancy between the synchronization
of technological, pedagogical and content knowledge (TPACK) of teacher educa-
tors. Another theoretical contribution of our study is the interpretation of the Dig-
CompEdu from the perspective of the TPACK. Previous findings also confirm that
teachers tend to adapt their teacher- and teaching-centred methods when using digi-
tal technologies, instead of rethinking learning outcomes and teaching activities
taking advantage of the true functionalities of digital solutions, transforming the
teaching and learning process (Ocak & Baran, 2019; Paneru, 2018). Technological
knowledge seems to have the greatest influence on teachers’ attitudes (Baturay et al.,
2017), but knowing a technology does not automatically translate to the ability to
integrate it into their teaching practice (TPACK) (Dorfman et al., 2019).

6.2 Practical implications

The study aimed to assess the reliability and validity of the DigCompEdu question-
naire and its application in the Hungarian teacher education context as a self-reflection
tool from a practical perspective. In our hypotheses, we suggested that DigCompEdu
is a valid self-reflection tool to measure the digital competencies of teacher educators.
Although our analysis did not support the original theoretical internal structure of
the framework, we proposed a new, empirical model which takes into consideration the
mediating effect of professional engagement on teacher educators’ ability to support stu-
dent teachers’ digital competence development. The new model itself provides enough
validity evidence based on internal structure concerns as we presented adequate reliability
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measures and model fit indices. Therefore, we emphasize professional development based
on the nexus of TPACK and taking advantage of faculty learning communities to foster
teacher educators’ professional identity development (Phillips, 2017) and the community
aspect of knowledge sharing that could support self-efficacy beliefs (Blonder & Rap,
2017) e.g. through mentoring (Cerratto Pargman et al., 2018). The role of professional
engagement is also strengthened by the study of Reisoglu and Cebi (2020) in addition to
the educational context, highlighted by Garcia-Vandewalle et al. (2023).

6.3 Limitations and future research

Limitations stemming from the chosen research design are the lack of causal infer-
ence, potential confounding variables, limited generalizability and self-report bias.

Since our design adopted a correlational approach, it was not our aim to establish
causal inference between our variables at this stage. In further research, it is worth
addressing this issue, along with considering other variables as well (e.g. discipli-
nary background, attitudes toward ICT etc.).

The small sample size used in this research is also a limitation regarding the inter-
pretation and generalisability of the results. Since our sample consists of teacher edu-
cators, further studies are needed to evaluate the instrument in other areas of higher
education to gather validity evidence from a diverse population. Regarding the data
analysis method, we chose Partial Least Squares factor analysis (SmartPLS 3) which is
better suited to exploratory research and small sample sizes (Lowry & Gaskin, 2014).

A further limitation of this study stems from the nature of self-report question-
naires and the fact that we have used only one data source which can inflate results
(Common Method Bias) (George & Pandey, 2017). Currently, there is no other data
source that can be used to answer our research questions and cross-check our results.
Besides, the research instrument contains unique and precise scale-points, about
behavioural evidence instead of general perceptions. The possible biases regarding
inflated results are further minimalised by the anonym nature of the questionnaire.

Based on these limitations our chosen research design is still justified, but further
studies are recommended with careful triangulation of research methods and data
sources (e.g. linking student and teacher data) to overcome them.

Our investigations can partly support our hypotheses, as we found that pedagogi-
cal competencies did not play an important role in explaining the variance of the
DigCompEdu score. Further studies would be needed to gather more validity evi-
dence and to assess the tool in other disciplinary settings of higher education.

This study raised concerns regarding the use of DigCompEdu as a self-reflection
tool highlighting the lack of convergent and discriminant validity evidence among the
variables of the original model. Weaker psychometric results can stem from the prag-
matic nature of the tool (Mattar et al., 2022). The contradictory findings emphasize the
need for a deeper analysis of validity evidence regarding the DigCompEdu tool. Fol-
lowing our results, further research would be necessary to explore the role of DigCom-
pEdu in teacher educators’ self-reflection and professional development practice and to
examine in detail the connections between pedagogical and digital competencies.

@ Springer
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