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Abstract: The digital transformation of education requires not only the integration of digital
technologies in the learning process, but also the development of digital competencies
among students. The current status of the process of digital transformation in education
in Bulgaria is investigated by the SUMMIT project, the framework in which this research
was conducted. The present study examined the preparation of pre-service teachers for
the digital transformation of education, focusing on the views and practical strategies
of university teachers. The study involved 44 teachers in 48 academic courses from the
largest Bulgarian university (Sofia University “St. Kliment Ohridski”). In order to provide
a comprehensive view of the pedagogical training of pre-service teachers, mixed research
methods were used, including curriculum analysis, semi-structured interviews, short
surveys, and observations. The results revealed that although university teacher education
programs include the use of digital technologies to improve learning outcomes, they
often neglect pre-service teacher training related to preparing learners for the digital
age. It was also established that there is a lack of policy and coordination among the
different types of courses (information and communication technology in teaching and
subject methodologies) in terms of preparing future teachers for digital transformation.
University teachers use mostly traditional approaches and employ a limited number of
strategies for teaching pedagogical digital competences (PDCs), which raises concerns
about the effectiveness of pre-service teacher training. The research highlights the need for
a more targeted and holistic approach to the development of PDCs of future teachers. This
approach should include policy adjustments related to providing more practical activities
and better coordination among courses, as well as guidelines for curricula development,
continuing education of university teachers, and provision of adequate technological
infrastructure. By implementing such an approach, universities could better prepare pre-
service teachers not only to use digital technologies effectively but also to develop students’
digital skills that are necessary for success in today’s world.

Keywords: digital transformation of education; pre-service teacher preparation; pedagogi-
cal digital competence (PDC); university teachers’ practical strategies

1. Introduction

Digital transformation consists of a change in the organisation of work motivated by
emerging digital technologies and innovative business models (Norton et al., 2020). It is
related to building new skills and models through digital technologies in a deep and strate-
gic way (Mahlow & Hediger, 2019), and it affects all fields of human life and, significantly,
education. In terms of education, digital transformation is defined as the integration of
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digital technology into teaching, learning, assessment, and administration (Mhlanga, 2024).
This integration enhances accessibility, engagement, and personalised learning experiences
for students (Shenkoya & Kim, 2023). However, digital transformation extends beyond the
adoption of digital tools and resources—it requires rethinking of pedagogical approaches,
organisational structures, and educational policies to leverage the potential of these tech-
nologies effectively (Thyssen et al., 2023; Awang, 2022). It is argued that it also requires a
comprehensive shift in culture, pedagogy, and organisational structures (McCarthy et al.,
2023). Digital transformation of education is increasingly recognised as a necessity to
meet the demands of the Fourth Industrial Revolution (Oliveira & de Souza, 2022). Yet it
does not remain without criticism (Castafieda & Selwyn, 2018), and critics emphasise the
need for a balanced approach that integrates technology while maintaining the essential
pedagogical principles of teaching (Wang, 2023). The modern education system is facing
a growing need for the effective development of digital competences, as evidenced by
the alarming trends reported in international studies. According to the ICILS 2023 report
(Fraillon, 2024), students’ achievements in the field of computer and information literacy
(CIL) have decreased compared to 2018 and 2013, which translates into both a decrease
in average scores and a decrease in the percentage of students reaching the second (out
of four) or higher professional level. These data show that instead of advancing, we are
seeing a regression in the level of digital skills among students, further indicating the need
for digital transformation.

In this context, the preparation of future teachers for the effective use of digital tech-
nologies becomes a key element for the successful implementation of this transformation.
Teachers must not only be able to use digital tools to improve the learning process but also
develop digital competencies in students that they will need in modern society. Therefore,
the current study, which is part of a broader study of the state of digital education in
Bulgaria within the framework of the Sofia University Marking Momentum for Innovation
and Technological Transfer (SUMMIT) project!, also adopts this twofold perspective—
examining both the effective use of digital tools to enhance learning and the development
of students’ digital competencies. The SUMMIT project covers national study of the level
of digital competences of teachers and students, the role of curricula and pedagogical
approaches in their development, the use of digital technologies for teaching, learning, and
assessment, and methods for preparing future teachers in the field of digital education,
as well as management and leadership in this process. This paper focuses on the role of
university teachers in preparing pre-service teachers for digital transformation. It examines
how and what digital skills they teach, what strategies they use to develop pedagogical
digital competencies, and to what extent they prepare pre-service teachers, not only for
the integration of technology, but also for the development of students’ digital literacy.
The latter encompasses a variety of skills, including the ability to access digital content,
critically assessing its credibility and effectively using digital tools for communication and
collaboration. It is not limited to technical competence but also includes an understanding
of the socio-cultural dimensions of digital participation (Pangrazio et al., 2020) emphasise,
digital literacy.

In order to effectively prepare future teachers for the digital transformation, their
training should not only cover basic digital literacy but also delve into pedagogical appli-
cations of technology, such as creating digital content, managing virtual classrooms, and
employing blended learning strategies (Srivastava & Dangwal, 2021; Garcia-Delgado et al.,
2023). Practical and experiential training should be used to foster a deeper understanding
of how to leverage technology for educational purposes, as pre-service teachers often
struggle with the integration of digital tools into their teaching practices, primarily due to
a lack of hands-on experience (Basilotta-Gémez-Pablos et al., 2022; Jimarkon et al., 2021;



Educ. Sci. 2025, 15, 404

30f 38

Romero-Garcia et al., 2020). Additionally, pre-service teachers should be encouraged to
engage in lifelong learning practices that keep them updated with the latest digital tools
and pedagogical strategies (Srivastava & Dangwal, 2021; Fernandez-Batanero et al., 2020).
This study will attempt to find what strategies university teachers declare and use
in practice and how they foresee the preparation for digital transformation of pre-service
teachers. The results are important for the Bulgarian context and may have implications
more generally, as many of the challenges related to the digital transformation of education
may be similar in other countries. Preparing teachers to work effectively in a digital
environment requires strategic approaches that ensure not only increased educational
outcomes but also overall readiness of students for life and work in a digitalised society.

2. Literature Review

In recent years, the digital transformation of education, which could be defined as
“the integration of digital technologies and practices to enhance teaching and learning
processes, widen access to educational resources, promote digital literacy, and foster inno-
vative approaches that improve educational outcomes and prepare learners for the digital
age” (Council of Europe, 2024), has dramatically changed the educational landscape. The
development of Artificial Intelligence (AI) has further contributed to the change in the
educational field. Therefore, digital transformation requires a rethinking of how to pre-
pare students, educators, and system leaders for the innovations and challenges to come
(McCarthy et al., 2023). This puts university education in focus and in a leading role in
terms of digital transformation in education (Gkrimpizi et al., 2023). Universities have to
prepare future teachers for digital transformation, which, as the definition above indicates,
includes not only the use of digital technology and practices to enhance learning outcomes,
but also involves preparing learners for the digital age. Within these two aspects, the prepa-
ration of pre-service teachers for digital transformation should encompass developing their
competences to effectively integrate digital technologies in the learning process to increase
its quality, and at the same time, to prepare students for the digital world by building
their digital literacy. Students’ digital literacy is key and should be considered a basic skill,
like reading and writing literacy (Aini et al., 2024). It is much more than just technical
skills—it includes critical thinking and the responsible use of digital content; the use of
digital technologies in the learning process is not enough to effectively develop such skills.
Instead, comprehensive strategies are needed (Reid et al., 2023), such as policy initiatives
and educational interventions (Susanty, 2024).

Despite the potential advantages of digital transformation, there is a growing body of
criticism regarding the digital transformation in education (Castafieda & Selwyn, 2018),
which often revolves around concerns related to effectiveness, equity, and the impact on
traditional pedagogical methods. Critics argue that the rush to integrate digital tools into
education can sometimes overshadow the importance of fundamental teaching practices.
Researchers emphasise that simply introducing digital tools is insufficient; there must be
a deliberate integration of technology into pedagogical strategies, since without aligning
technology use with educational objectives and teaching methods, the potential benefits of
digital transformation may not be fully realised (Mhlanga, 2024; Bottino, 2020). Further-
more, various researchers have pointed out that when the focus is on digital tools, it is
more difficult to critically evaluate the use of a given technology (Selwyn, 2019; Yang et al.,
2022; Curwood & Cowell, 2011), i.e., that critical examination of the role of technology in
society is likely to be more effective if it does not involve the technology itself. In this sense,
preparing learners for the digital age involves not only integrating technology, but also
cultivating critical thinking skills regarding the role of technology in society. Such a critical
perspective can sometimes be better achieved through pedagogical approaches that do
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not rely on technology. The need for better alignment between digital technologies and
educational practices was also noted by Mugge and Gudergan (2017) and Sondermann et al.
(2017), who underscored the gap between the theory and practice of digital transformation.
This gap often results in a mismatch between the potential of digital tools and their actual
implementation in educational settings (Mugge & Gudergan, 2017). Therefore, Stanford’s
Professor Garcia suggested that the focus of digital transformation should be on creating
authentic learning experiences rather than relying solely on technology (Garcia, 2023).
Some educators even express apprehension about the potential loss of traditional teaching
methods and the human element of education in favour of technology-driven approaches
(Awang, 2022). In this regard, McCarthy et al. (2023) recommend a holistic approach
which includes technology integration, curriculum development, teacher training, policy
adjustments, effective leadership in guiding the digital transformation process, contin-
uous professional development (CPD) for educators to catch up with new technologies,
a focus on student-centered learning, and lastly, adequate technological infrastructure
(McCarthy et al., 2023). Additionally, concerns regarding the digital divide highlight the
risk of exacerbating existing inequalities in access to technology and educational resources
(Mhlanga, 2024; Shenkoya & Kim, 2023; Bottino, 2020). Thus, while digital transformation
is increasingly prioritised in policy and practice, it must be approached with caution and
critical reflection on its implications for educational equity and effectiveness.

2.1. Preparation of Pre-Service Teachers for Digital Education

Pre-service teacher education programmes are recognised as crucial in preparing
future educators to effectively integrate information and communication technology (ICT)
into their teaching practices, thus facilitating digital education (in this paper, the term
“digital education” is used synonymously with “digital transformation in education”).
Some researchers argue that ICT integration into teacher training is essential for fostering
the digital competencies necessary for modern educational environments (Aslan & Zhu,
2016; Tondeur et al., 2018; Wang, 2023). Teacher training programmes should be adapted to
include strategies such as using teacher educators as role models and providing authentic
technology experiences to enhance pre-service teachers’ confidence and competence in
utilising ICT (Aslan & Zhu, 2016; Tondeur, 2018). Moreover, the Synthesis of Qualitative
Evidence (SQD) model proposed by Tondeur et al. (2018) emphasises the importance of
adopting a systematic approach to integrating technology throughout pre-service teacher
education programmes for developing the digital skills of future educators (Tondeur et al.,
2017c). Tondeur et al. (2018) also highlight the necessity of a multilevel approach to
training that integrates theoretical frameworks, practical training, and ongoing support,
and encompasses various strategies to successfully promote digital competencies among
pre-service teachers.

Despite these theoretical insights, there are still notable limitations within pre-service
teacher education regarding the preparation of educators for digital transformation. Many
pre-service teachers report feeling inadequately prepared to use technology in their future
classrooms, indicating a gap between training and practical application (Tondeur et al.,
2012; Masoumi, 2021). This statement is replicated by Yang et al. (2022), who found that
while ICT training is impactful, it does not always translate into effective instructional
practice (Yang et al., 2022). The challenges faced by teacher education institutions in
promoting digital competencies suggest that a mere inclusion of technology in curricula
is insufficient; rather, a comprehensive and reflective approach to teacher education is
required to ensure that pre-service teachers can confidently implement digital tools in their
pedagogical practices (Tondeur et al., 2012; Masoumi, 2021). Additionally, for preparing
learners for the digital age, it is necessary for future teachers firstly to develop their digital
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literacy, which should also include training in evaluation of the social and ethical aspects of
using technology. Research demonstrates that teachers who understand and can evaluate
the impact of technology on society are better equipped to teach students how to deal with
the challenges of the digital age (McGarr & McDonagh, 2021). It is important to emphasise
critical thinking and teachers’ ability to evaluate and selectively use technology, rather than
simply integrating it into the classroom (Ayyildiz et al., 2021). Thus, it seems that CPD
plays a vital role in addressing the limitations of pre-service teacher education by providing
ongoing opportunities for teachers to enhance their pedagogical digital competencies,
adapting to the evolving demands of digital education (Mizova & Peytcheva-Forsyth,
2024; Vandeyar & Adegoke, 2024; Althubyani, 2024; Wagner et al., 2024; Pongsakdi et al.,
2021; Castano Mufoz et al., 2023; Spiteri & Rundgren, 2017; Ucan, 2016). Moreover, the
integration of collaborative learning and reflective practices within CPD programmes has
been shown to significantly enhance teachers’ professional growth and their ability to
integrate digital tools effectively in their classrooms (Adeyemi, 2015; Saylor & Johnson,
2014).

The first aspect of preparing pre-service teachers for digital transformation refers
to equipping them with digital skills and knowledge to effectively integrate technology
into teaching to enhance student learning, including collaborative learning, to adapt to
evolving learning environments, and to use innovative teaching methods (Sangboonraung
et al., 2024; Nykvist et al., 2022). The second aspect concerns the development of digi-
tal literacy and critical thinking in learners, which is necessary for them to successfully
navigate the digital age (Su, 2023; Fazilla et al., 2022; Ayyildiz et al., 2021). The focus
of pre-service teachers’ preparation in both aspects is the development of pedagogical
digital competence (PDC). This is crucial, as it provides the necessary knowledge and
skills to effectively integrate digital technologies into the learning process, which is key to
educating students in the digital age (Chu et al., 2023; Boronenko et al., 2022; Purina-Bieza,
2021; Perin & Freitas, 2020). Digital transformation training should include technology
integration models, such as the Technological Pedagogical Content Knowledge (TPACK)
model (Mishra & Koehler, 2006), Substitution, Augmentation, Modification and Redefi-
nition (SAMR) model (Puentedura, 2006), Digital Technology Impact Framework—DTIF
(Aubrey-Smith & Twining, 2023), etc., that help teachers align technology with content
and pedagogy (Riith et al., 2022). Furthermore, developing PDCs of future teachers pre-
pares them to teach students about the responsible use of technology, cybersecurity, and
online well-being. A systematic review of digital competences for teacher professional
development highlights the importance of continuous training and the integration of ICT
in teaching practices (Fernandez-Batanero et al., 2020). The need for frameworks like the
Digital Competence Framework for Educators (DigCompEdu) to guide this development
is emphasised (Cabero-Almenara et al., 2023; Ferndndez-Batanero et al., 2020). There are
various models and frameworks related to PDC besides DigCompEdu, such as the Teacher
Educator Technology Competencies (TETCs) framework, which further emphasises the
need for teacher educators to model and integrate technology in their teaching, ensuring
that future teachers are well-prepared to use digital tools effectively (Foulger et al., 2017).
Unlike DigCompEdu, TETCs does not include a component related to the preparation of
learners for the digital world. Another relevant project is the one developed by UNESCO
on ICT Competencies for Teachers (UNESCO, 2008, 2019). In Spain, there is the “Common
Framework of Digital Competence for Teachers”, developed by the National Institute of
Educational Technology and Teacher Training (INTEF, 2017), which is based on the digi-
tal competence model DigCompEdu developed by the EU (Basilotta-Gémez-Pablos et al.,
2022). For the purposes of this study, the DigCompEdu framework will be used. This choice
is justified by the fact that DigCompEdu is the most widespread and adopted framework
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in Europe, and in particular, in Bulgaria, where the empirical study will be conducted.
Moreover, DigCompEdu domains cover both the pedagogically effective integration of
digital technologies and facilitating learners’ digital competence, i.e., it is a good basis for
holistic preparation for digital transformation

Frameworks such as DigCompEdu guide us towards the understanding that digital
competencies are not binary; rather, they exist on a broad spectrum, often categorised into
levels that reflect varying degrees of proficiency. DigCompEdu, the European Digital Com-
petence Framework for Educators (Punie, 2017), which is reliable and effective in assessing
teachers’ digital competences (Cabero-Almenara et al., 2020; Ghomi & Redecker, 2019),
allows for a nuanced understanding of the competencies required for pre-service teachers,
emphasising that it is not merely a question of whether they possess a particular skill, but
rather, the level of competence they achieve. DigCompEdu is related to PDCs, which differ
from general digital competencies by focusing on pedagogical strategies tailored to the way
students learn in a digital environment. While general digital competences include mere
technology-related knowledge and skills, PDCs are related to applying this knowledge in
ways that are pedagogically sound and meet learners’ needs (Vaitdjd & Ruokamo, 2021). In
his review, Starkey (2019) defines three aspects of PDC: integrating digital tools into existing
pedagogical practice, considering decisions critically, and teaching students who are using
technologies for learning. In addition, PDCs are increasingly recognised as essential in
teacher training programmes (Gudmundsdottir & Hatlevik, 2018).

DigCompEdu defines six distinct areas of competence that educators should develop to
effectively implement inclusive and innovative learning strategies through the use of digital
tools (Caena & Redecker, 2019). Each of these six areas includes six proficiency levels (from
A1l to C2), ranging from basic awareness and exploration to full integration and pedagogical
innovation. DigComp 2.2, the Digital Competence Framework for Citizens (Vuorikari et al.,
2022), consists of four proficiency levels (foundation, intermediate, advanced, and highly
specialised) with two degrees each. Research indicates that many pre-service teachers enter
their training programmes with varying levels of digital literacy, often averaging around
an intermediate level (Yontar, 2019). Studies demonstrate that many teachers possess
foundational digital skills but often fall short of the advanced competencies required for
effective integration of technology in educational settings (Kiryakova & Kozhuharova,
2024; Tzafilkou et al., 2023). In terms of PDC, a minimum level of B1 might be necessary
for pre-service teachers to effectively utilise digital tools in their teaching practices, while
higher levels (B2 to C2) could be required for more advanced pedagogical applications,
such as integrating digital storytelling or game-based learning into their curricula (Riith
et al., 2022). The overall findings suggest that a significant part of teachers operate at a
basic to intermediate level of pedagogical digital competence, with many falling into the
B1-B2 category. This level demonstrates a foundational understanding of digital tools but
a lack of proficiency in applying these skills in innovative and pedagogically effective ways
(Igbal et al., 2024).

The challenges in preparing pre-service teachers for digital transformation are mul-
tifaceted. Many pre-service teachers express reluctance to integrate digital tools during
their practicum, often due to a lack of confidence or insufficient training in the practical
application of those tools (Alsadoon, 2022; Jimarkon et al., 2021; McGarr & McDonagh,
2021). Moreover, self-perception of digital competence varies significantly among teachers.
Garcia-Delgado et al. (2023) highlighted that teachers often assess their digital competen-
cies higher than may be warranted, which can lead to a discrepancy between perceived
and actual abilities (Garcia-Delgado et al., 2023). Furthermore, studies have shown that
in-service teachers generally report higher levels of perceived digital competence compared
to their pre-service counterparts, suggesting that practical experience plays a critical role in



Educ. Sci. 2025, 15, 404

7 of 38

developing these competencies (Yang et al., 2022). The importance of practical and expe-
riential learning opportunities within teacher education programmes, where pre-service
teachers can engage in authentic digital pedagogical practices to foster a deeper understand-
ing of how to leverage technology for educational purposes, is stressed by some authors
(Basilotta-Gémez-Pablos et al., 2022). Training should delve into pedagogical applications
of technology, such as creating digital content, managing virtual classrooms, and employ-
ing blended learning strategies (Srivastava & Dangwal, 2021; Garcia-Delgado et al., 2023).
Additionally, the implementation of self-assessment tools and reflective practices can help
pre-service teachers identify their strengths and areas for improvement (Miguel-Revilla
et al., 2020; Tsankov & Damyanov, 2019). Teachers’ preparation should also include skills
to help develop their students’ digital literacy in order to effectively prepare them for the
digital age (Prachagool et al., 2022).

2.2. Practical Strategies to Prepare Pre-Service Teachers for Digital Transformation

Opportunities for enhancing digital competencies among pre-service teachers lie in the
intentional design of teacher education curricula that incorporate technology integration as
a core component. Despite the fact that the preparation of future teachers to teach pupils
how to participate in a digital world is an important aspect of their preparation for digital
transformation (Starkey, 2019), existing research is more focused on the other aspect—
the integration of digital technology to enhance learning. Effective strategies include
using teacher educators as role models, fostering collaborative learning environments, and
providing authentic experiences with digital tools (Nykvist et al., 2022; Aslan & Zhu, 2016).
These strategies should be accompanied by integrating theoretical frameworks, practical
training, and ongoing support. Structured frameworks, such as the DigCompEdu, outline
the essential skills required but also serve as a diagnostic tool for educational institutions
to evaluate their training programmes and identify areas for improvement (Tondeur et al.,
2023; Sillat et al., 2021).

One of the key strategies for developing pedagogical digital competences is through
experiential learning and active methodologies. Research shows that future teachers often
have difficulty integrating digital tools into their teaching practice, mainly due to a lack of
practical experience (Jimarkon et al., 2021; Romero-Garcia et al., 2020). Therefore, teacher
training programmes should include active learning strategies that allow future teachers
to work with digital technologies in a real learning environment. Such strategies are
described in the SQD model, including using teacher educators as role models, facilitating
peer collaboration, and providing authentic technology experiences (Gtimiis et al., 2024;
Tondeur, 2018). The SQD model by Tondeur et al. (2018) is a framework designed to
improve the preparation of pre-service teachers for effective technology integration in
education. Although this model is only targeted to one of the aspects of pre-service
teacher preparation for digital transformation, it is particularly significant, as it provides a
structured approach to understanding and implementing technology integration (Knezek
et al.,, 2023; Tondeur et al., 2020, 2019). The model synthesises qualitative research findings
to identify key strategies that can be employed in teacher education programmes. These
strategies, along with their characteristics and benefits derived from the literature, have
been systematically organised by the author and are presented in Table 1.
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Table 1. Description and benefits of SQD strategies.

Practical Strategy

Description

Advantages

Teacher Educators
as Role Models

Teacher educators to
demonstrate effective
technology use in their
own teaching.

By serving as role models, educators can influence pre-service
teachers’ attitudes and competencies regarding technology
integration (Tondeur et al., 2017a, 2019; Bwalya et al., 2023).
Research indicates that when pre-service teachers observe their
educators using technology effectively, they are more likely to
adopt similar practices in their own classrooms (Baran et al.,,
2019; Tondeur et al., 2019).

Reflection on
Technology’s Role in
Education

Pre-service teachers to
reflect critically on how
technology can enhance
learning outcomes.

Reflection helps pre-service teachers understand the
pedagogical aspects of technology use and encourages an
attitude towards continuous improvement in their teaching
practices (Tondeur, 2018; Aslan & Zhu, 2016). Studies have
shown that reflective practices can significantly enhance
pre-service teachers’ confidence and competence in using
technology (Howard et al., 2019).

Instructional Design

Equipping pre-service
teachers with the skills to
design instructional

This strategy aims for a systematic approach for integrating
technology into lesson planning, ensuring that technology
serves a learning goal rather than being used for its own sake

with Technology materials that effectively (Kukul, 2024; Tondeur et al., 2019; Tondeur, 2019). Effective
incorporate technology. instructional design is critical for maximising the educational
’ benefits of technology (Zhang & Tang, 2021; Aslan & Zhu, 2016).
. Experiential learning allows pre-service teachers to apply
;ngirr?:;(i:sh;rﬁizon theoretical knowledge in practical settings, thereby enhancing
Authentic pre-service teachers can their readiness to integrate technology into their futgre teaching
Experiences ractice using technolo (Tondeur et al., 2017b, 2018; Bwalya et al., 2023). Evidence
p p Lor si & lated &Y suggests that experiential learning significantly boosts
lcrllagesiogfnslerrrllxlfliforelments pre-service teachers’ confidence and skills in technology
’ integration (Baran et al., 2019; Tondeur et al., 2019).
iif;;?iﬁgﬁga;;::;\ﬁce Collaborative environments foster a sense of community and
teachers, encouraging them support, which can improve learnﬁng outcomes and prepare
Collaboration to work Itoge ther to solve pre-service teachers to work effectively in teams (Tondeur et al.,
problems and share 2021, 2019). Research has shown that collaborative learning can
insiehts related to lead to improved technology integration skills among
& . . pre-service teachers (Howard et al., 2019).
technology integration.
To provide constructive Feedback helps pre-s.ervice teacher.s to iden.tify areas for .
feedback to pre-service improvement and rgmforces effective practices, contributing to
Feedback? teach dine thei their overall professional development (Kukul, 2024; Tondeur
eedbac eachers regarding their

use of technology in
teaching.

et al., 2019). Studies indicate that timely and specific feedback is
crucial for developing pre-service teachers’ competencies in
technology integration (Baran et al., 2019; Bwalya et al., 2023).

In addition to the SQD model, the Diana Laurillard Conversational Learning Frame-
work (Laurillard, 2002) offers a valuable approach to preparing future teachers for integrat-
ing technology into the classroom. It includes six types of learning activities:

(1) Acquisition (students learn new information by reading, watching, or listening);

(2) Investigation (students explore, compare, and analyse concepts and ideas, developing
critical thinking);

(38) Practice (students apply what they have learned in practice, improving their skills
through exercises and tasks);

(4) Production (students create their own materials or projects, demonstrating under-
standing and creativity);
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(5) Collaboration (students work in a team, exchanging ideas and knowledge to achieve
common goals);

(6) Discussion (students participate in discussions, sharing opinions and receiving feed-
back, which helps a deeper understanding of the material).

This framework emphasises the importance of diverse learning activities that engage
students in meaningful interactions with technology, fostering active learning and adapt-
ability in the digital age. However, key to the development of PDCs is the practice that
allows learners to apply theoretical knowledge, thus leading to a better understanding
and development of skills, as well as the acquisition of complex concepts and procedures
(Laurillard, 2012). Participating in hands-on activities allows pre-service teachers to effec-
tively integrate digital tools into their teaching methods. Collaboration and discussion
are also essential, as they encourage the exchange of ideas and experiences, which has the
potential to lead to a deeper understanding of digital pedagogy (Laurillard, 2012).

Another framework suitable for examining the digital transformation of learning
is Digital Technology Impact Framework (DTIF) by Aubrey-Smith and Twining. When
learning with technology, the DTIF model identifies three modes of technology use in
education—support: technology is used to enhance existing teaching practices without
changing them fundamentally; extend—technology enables teaching and learning experi-
ences that go beyond what is possible in a traditional classroom (e.g., enabling collaboration
across distances or providing access to a broader range of resources) and transform—
fundamental change of the way education is delivered, creating entirely new teaching and
learning practices.

To summarise, preparing pre-service teachers for digital transformation involves
implementing practical strategies that align with both theoretical frameworks and hands-
on experiences, which are emphasised as very important to integrate technology in teacher
education (Knezek et al., 2023; Basilotta-Gomez-Pablos et al., 2022; Jimarkon et al., 2021;
Romero-Garcia et al., 2020; Sondermann et al., 2017).

2.3. University Teachers’ Views and Their Influence

All the above strategies play a key role in the preparation of pre-service teachers,
but it should be borne in mind that a significant role in university teachers’ teaching
practices is played by their pedagogical beliefs and views on digital transformation. The
importance of aligning pedagogical beliefs with the use of digital technology in education
has been repeatedly emphasised in the literature (Tondeur et al., 2017c; Twining et al., 2013).
Research indicates that teacher educators’ beliefs about technology directly impact their
instructional strategies and the learning experiences they provide for pre-service teachers
(Tondeur et al., 2017c). In addition to beliefs, teachers” attitudes also play an important
role—teachers with a positive attitude towards digital tools are more likely to incorporate
them effectively into their teaching strategies, thereby enhancing student engagement and
learning outcomes (Sjoberg et al., 2024; Voithofer & Nelson, 2020). The influence of teachers’
views on practice is evident in studies that demonstrate a correlation between educators’
digital competence and their willingness to experiment with new teaching methodologies
(Howard et al., 2019). The interrelation between teachers’ views on digital education and
their teaching practices is further emphasised by the observation that teachers with a
higher self-assessment of their digital competence are more likely to use technology in
ways that support and extend learning, rather than merely using it as a substitute for
traditional methods (Scherer et al., 2017). However, the impact of these views on practice
can be complex, as even teachers with similar levels of digital competence may adopt
different instructional strategies, influenced by their broader educational philosophies and
the specific context of their teaching (Sjoberg et al., 2024; Wohlfart & Wagner, 2023), and
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by various other factors, including the availability of resources, administrative support,
and professional development opportunities (Levin & Wadmany, 2006). Thus, fostering a
holistic understanding of digital education among university teachers which includes their
competences, beliefs, contextual factors, and attitudes, is essential for promoting effective
and innovative teaching practices in the digital age.

Therefore, this study aims to explore university educators’ views on digital trans-
formation and preparation of pre-service teachers for it. Also to identify the practical
strategies educators use to prepare pre-service teachers for digital transformation. In order
to fulfil these goals, an empirical study was conducted at the largest university in Bulgaria,
which prepares the main share of teachers in the country—Sofia University “St. Kliment
Ohridski”. First, we will describe the national context in which the study is conducted.

2.4. Bulgarian Context

In Bulgaria the development of pre-service teachers’ digital competences is influenced
by the European Digital Competence Framework, and the Digital Education Action Plan,
which Bulgaria has chosen to implement, as well as the unique organisational structure
of teacher education in the country. Bulgaria faces specific challenges and opportuni-
ties in this regard, shaped by its educational policies, cultural factors, and the existing
infrastructure for teacher training. The organisation of Bulgarian teacher education is
distinct, often characterised by a centralised system that may not always align with the
rapidly evolving demands of digitalisation. Teaching capacity is typically acquired after a
4-year bachelor’s or 2-year master’s degree (for primary and preschool teachers) or after
a bachelor’s degree in various subjects (e.g., mathematics, literature, biology, etc.) and a
one-year pedagogical specialisation (master’s or CPD programme). Bulgarian Ordinance on
the state requirements for acquiring the professional qualification “Teacher” (2021) provides in
the university preparation of pre-service teachers only one compulsory course in the field
of pedagogical digital competences, named “Information and Communication Technolo-
gies in Education and Work in a Digital Environment” and two optional courses, named
“Digital Competence and Digital Creativity” and “Development of Lessons for Learning
in an Electronic Environment.” Additionally, in the other academic courses there is also a
potential for pedagogical digital competences of pre-service teachers to be developed, yet,
there are not any specific regulations for this. Kiryakova and Kozhuharova (2024) stated
that the issues related to the development of digital competences should be addressed in
the curricula of Bulgarian educational organisations as they should offer flexible study
programmes to prepare future teachers to work in a digital environment. Bulgarian research
demonstrates the need for systematised approach to support the development of digital
competences, in accordance with existing frameworks and national regulations (Kiryakova
& Kozhuharova, 2024), which should encompass strategies that focus on pedagogically
effective application of digital technologies to improve teaching and learning (Nikolova
et al., 2024; Mizova & Peytcheva-Forsyth, 2024). It is evident that national policies, doc-
uments and research mainly focus on the aspect of digital transformation related to the
improvement of educational outcomes. Studies in Bulgaria emphasise that teachers ac-
tively use digital technologies, but continuous professional development and effective
strategies to improve teacher qualifications in the digital domain are needed to ensure their
adaptation to the rapidly changing digital landscape (Kiryakova & Kozhuharova, 2024;
Nikolova et al., 2024; Mizova & Peytcheva-Forsyth, 2024; Peytcheva-Forsyth & Racheva,
2024; Music¢ et al., 2020), thus replicating the results from international studies cited in
previous sections. Furthermore, according to Eurostat (2024), Bulgaria ranks among the
lowest in the European Union in terms of digital skills, with only Romania scoring lower.
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This demonstrates the need for targeted interventions to improve digital literacy, for which
the adequate preparation of pre-service and in-service teachers plays a key role.

In addition to the specifics of the structure of teacher training, the Bulgarian context of
digital education is also influenced by other factors. Bulgaria is a country with a declining
and aging population, which poses challenges to the education system. As one of the
economically weaker countries in the European Union, Bulgaria has limited financial
resources, which makes it difficult to adequately invest in technological infrastructure and
personal training. In addition, the country continues to experience the consequences of
the evolution of the education system after the communist period, with some traditional
teaching methods remaining resilient. Digital literacy issues are particularly relevant in
this context, as the level of digital competences among teachers and students varies widely.
According to a study by Peytcheva-Forsyth and Racheva (2024), based on SELFIE (Self-
reflection on Effective Learning by Fostering the use of Innovative Educational technologies)
for teachers®, 60% of the 96 university professors from Sofia University surveyed assessed
their PDCs at an intermediate level (B1 and B2), which demonstrates their confidence in
the use of digital tools and methodologies in teaching practice. Of these, 21% considered
themselves experts (level B2), and 15% of respondents assessed themselves at the C1 level,
which means that they not only master digital tools, but also motivate and guide others
to use them. (The level of self-assessment of the 418 schoolteachers surveyed in the same
study varies in the different subdomains, mainly between Al and B1.) Bulgarian results
were similar to those obtained for teachers around the world in self-assessment against the
DigCompEdu standards (Inamorato dos Santos et al., 2023; Cabero-Almenara et al., 2023;
Santo et al., 2022) and placed the average level of self-assessment of university teachers’
PDCs at intermediate (B1).

In conclusion, in order to prepare pre-service teachers for digital transformation, the
effective development of their PDCs is necessary. This development depends to a large
extent on the learning strategies used, the learning activities implemented, but also on
the views and beliefs of university professors, which are central to shaping their teaching
practices, especially in the context of digital integration. Aligning pedagogical beliefs
with learning strategies, promoting a positive attitude towards technology, and ensuring
continuous professional development of teachers are essential for improving teaching
practices and digitally transforming education. Therefore, the focus of this study will be
on the exploration of university educators’ views regarding digital transformation and
preparation of pre-service teachers for it. The answers to the following questions will
be sought:

RQ 1: What views do university educators hold regarding the digital transformation of education
and preparation of pre-service teachers for it?

RQ 2: What practical strategies do university educators employ in their courses to develop
pedagogical digital competences of pre-service teachers?

RQ 3: To what extent do the observed teaching practices align with the views expressed by
university educators?

The answers to these questions will contribute to the existing literature on teacher edu-
cation and digital transformation and will have some practical implications for curriculum
developers and policymakers.
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3. Methodology
3.1. Research Design

The aim of this study is to explore university educators’” views on the digital trans-
formation of education and the preparation of pre-service teachers for it, identifying the
practical strategies they use to develop pedagogical digital competences and examining the
alignment between their expressed views and observed teaching practices.

The research design employed mixed quantitative and qualitative methods, which
include curricula analysis, semi-structured interviews, short surveys, and observations. The
curricula analysis was based on the DigCompEdu framework to explore the declared topics
and strategies for preparing pre-service teachers for digital transformation. The interviews
of university teachers build on this and explore their views on the digital transformation
and preparation of pre-service teachers for it. In addition to the interviews, the university
teachers were asked to fill out a short survey to self-assess their practical strategies for
the development of the PDC according to the SQD model. The SQD tool used for the
survey is a Bulgarian translation of the instrument validated by Knezek et al. (2023). The
survey is subsequently compared with the observations. Real practice observations aim
to identify university teachers’ practical strategies for preparing pre-service teachers for
digital transformation. This design enables data triangulation, ensuring a more robust
and comprehensive analysis. The research methodology follows the multi-perspective
approach described by Mizova et al. (2025), which, like the present study, was developed
under the SUMMIT project. All research tools were also created within the framework of
this project.

Our data analysis included a content analysis of 48 course curricula. The thematic
analysis for interview data (45 respondents) explored university teachers’ views on digital
transformation and the development of pedagogical digital competences, their approaches,
and practical strategies to teach PDC. The qualitative analysis software Quirkos* was used
to support the analysis. The university teachers’ practical strategies were also investigated
through a short questionnaire based on the SQD model. Most observations (43) were
made in three different classes, each lasting about 90 min, for each university teacher. The
remaining observations (5) were conducted in two longer sessions, each around 120 min.
In total, 139 observations were carried out.

The frameworks applied to the analysis of the interviews, questionnaire, and observa-
tions, include:

o DigCompEdu framework, including its six subdomains (professional engagement,
digital resources, assessment, teaching and learning, empowering learners, and facili-
tating learner’s digital competence) and six proficiency levels (newcomer, explorer,
integrator, expert, leader, and pioneer);

e Tondeur’s SQD model (role model, reflection, instructional design, access to resources,
authentic experiences, and feedback);

e  Diana Laurillard’s Conversational Framework—six types of learning activities (acqui-
sition, collaboration, discussion, investigation, practice, and production);

e  Digital Technology Impact Framework (DTIF) by Aubrey-Smith and Twining, includ-
ing three modes of technology usage in education (support, extend, and transform).

3.2. Sample

The SUMMIT project, of which this study is part, encompassed more than 80 university
teachers from all 16 faculties of the Sofia University “St. Kliment Ohridski” (Bulgaria),
involved in the preparation of pre-service teachers. This was a convenience sample of all
teachers in Sofia University who teach core courses according to the Bulgarian Ordinance on
the state requirements for acquiring the professional qualification “Teacher”, divided into



Educ. Sci. 2025, 15, 404

13 of 38

the following groups—general pedagogical, psychological, methodological, and ICT-based
courses. Methodological courses prepare future teachers to teach and manage learning
processes in specific subjects, integrating modern pedagogical approaches and technologies
(e.g., “Methodology of Teaching Geography”, “Methodology of Teaching Chemistry”,
and “Methodology of ICT Education”). ICT-based courses focus on the use of ICT in
education. The compulsory course, “ICT and Work in a Digital Environment”, aims to
develop the skills of pre-service teachers regarding the integration of digital technologies
into teaching. Additional courses, such as “Instructional Design for Technology Enhanced
Learning” and “Pedagogical Functions of Interactive Whiteboard”, further enhance their
digital competencies. Future teachers typically study multiple methodological courses and
at least one ICT course as part of their training.

For this study, only courses in methodological and ICT-based courses have been se-
lected, which are expected to develop key competencies, including PDC. There was a total
of 54 courses. All data collected were reviewed for completeness, and only courses for
which curriculum was available, interviews carried out (including the short SQD survey),
and observations were conducted, were included in the study. As a result, 48 courses were
included in the study, all of them compulsory, of which 22 are ICT-based and 26 are method-
ological (the full list and descriptions of all included courses are given in Supplementary
Materials). It is important to note that not all of these courses encompass practical sessions.
The Bulgarian Ordinance on teacher qualification specifies as mandatory only the number
of lecture hours in the only mandatory discipline “ICT and work in a digital environment”,
i.e., there is no obligation to undertake practical ones. Yet, most curricula of ICT courses
(20) provide practical (hands-on) classes, seminars, or both. Only 3 of the ICT programmes
provide just lectures and no seminars/practical classes. In the methodological curricula,
however, in seven disciplines, there are no seminars/hands-on classes provided. Four of
them are in a bachelor’s degree and are basic, e.g., Methodology of Teaching Bulgarian
Language, and Methodology of Teaching Biology and the History Lesson. The master’s
course curricula do not provide seminars/practical classes in the Methodology of Teaching
Chemistry or in the Methodology of Teaching Physics and Astronomy.

There was a total of 44 university teachers who taught in the sample courses. Their
profiles are presented in Table 2.

Table 2. Participants’ profile.

Participants Total Nt Courses Taught (Total Courses 48)  Gender Academic Position
23 in methqd ological courses (1 of Female—28 Assistant Professor—5
them teach in 2 courses)

Participants in 19 in ICT-based courses (1 of them Senior Assistant

the interviews 44 teach in 2 courses) Professor—14

i Male—16 A iate Prof 19

2 teachers in both ICT and ssociate Irofessor—
Methodological courses Professor—6

3.3. Procedure

The study was implemented from November 2023 to February 2024. Firstly, the
curricula for the selected representative courses were analysed. Then, all university teachers
were sent short surveys to self-assess their teaching strategies according to the SQD-model
in the corresponding courses. After their self-assessment, interviews were administered
(December 2023-March 2024) and afterwards, observations of their teaching practices were
conducted (January and April 2024). The observations included three study sessions for
each teacher.
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Ethical Considerations

The research follows the ethical guidelines of Sofia University “St. Kliment Ohridski”
and complies with national and institutional regulations regarding academic research.
Prior to data collection, informed consent was obtained from all participating university
teachers. The nature, purpose, and scope of the study was explained to each participant,
including how the data would be used and the measures in place to ensure confidentiality.
Participants were informed of their right to withdraw from the study at any point without
any consequences. Data were anonymised during analysis and reporting to protect the
identities of participants. The study guarantees that all participants’ rights, privacy, and
professional integrity are respected throughout the research process.

4. Findings

4.1. Findings on University Teachers’ Declared Practices and Curricula Content for Preparing
Pre-Service Teachers for Digital Transformation

4.1.1. Findings from the Analysis of Curricula

In order to find out what university teachers envisage in the preparation of future
teachers for digital transformation, what goals they address, and what strategies they
declare, their course curricula were reviewed and analysed. The total number of curricula
analysed was 48, of which 22 were ICT-based courses and 26 were methodological courses.
At Sofia University, the curriculum of the course is written in a specific form, which in-
cludes information about the workload, assessment, annotation of the course, prerequisites,
learning outcomes, learning content, exam synopsis (if any), and bibliography.

The analysis of the curricula of ICT and methodological courses at Sofia University
reveals a fragmented approach to the development of pedagogical digital competences of
pre-service teachers. ICT courses focus on the DigCompEdu areas the Creation of Digital
Resources (18 curricula) and Teaching and Learning (13 curricula), including topics such
as the Management of Learning in Electronic Environments and the Use of Interactive
Technologies. Conversely, methodological courses offer significantly less explicit digital-
related content, with most references being implicit. The areas of DigCompEdu that are
found explicitly addressed in the courses are presented in the Figure 1.

Digital Resources | ——
Teaching and Learning h
Assessment —
Empowering Learners &
Facilitating Learners' DC h
0 5 10 15 20

W Methodological courses B ICT courses

Figure 1. DigCompEdu areas addressed in course curricula.

The ICT courses are aimed at simultaneously developing basic digital competencies
in pre-service teachers (skills for working with various software applications, creating
and processing multimedia materials) as well as some PDCs, such as the use of electronic
platforms and apps for learning and assessment and developing critical thinking in the use
of digital resources. However, there are different approaches to the scientific content in “ICT
and Learning in a Digital Environment” in the different faculties of Sofia University. Some
curricula focus more on general digital competencies, while others focus on pedagogical
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ones. For example, in seven courses, there are specific goals related to e-learning (e.g., at
the Faculty of Pedagogy, trainees are expected to learn “skills for designing e-learning—
development of asynchronous lessons in the e-learning environment Moodle”). Half of the
curricula (11) have an explicit focus on the design and development of teaching materials
and their integration into relevant subjects (e.g., in the Faculty of Mathematics programme,
future teachers will learn the principles and approaches for the effective development of
teaching materials and how to present them effectively to learners).

Only six of the methodological courses encompass explicit learning content or ex-
pected learning outcomes that are related to the development of the PDCs. For example,
disciplines such as “Didactics of Engineering and Technology” and “Methodology of Ge-
ography Education” clearly indicate the use of digital technologies in the educational
process (learning content topics are included, such as “Conducting training in technology
and entrepreneurship in an electronic environment (virtual classroom)”, “ICT—essence,
features, place in geography education”; or “work on fine arts in online galleries”). A total
of 18 courses could provide methodological training in the field of digital technologies, but
in an implicit form. For example, the curriculum on the methodology of the “Didactics of
Science in the Primary School” includes the topic “the use of teaching aids and didactic
materials in the teaching”, which also implies the use of digital technology; however, this
had to be verified by observations. Few curricula (3) focus on modern educational strategies
such as constructivist approaches or interactive methods, which are often related to digital
technologies. However, this is not specifically mentioned in these curricula—they only
include learning content topics such as “Constructivist approach in science education—
Principles of Constructivist Teaching and Learning”; “Interactive Methods in Teaching
Chemistry” (Methodology of Teaching Chemistry); or “Interactive Methods in Literary
Education—the Constructivist Design of Learning as an Interactive Teaching Practice”
(Methodology of Literature Education), etc.

While many courses address PDC in areas such as digital resources, teaching, and
learning, other critical areas such as assessment and learners’ empowerment are underrep-
resented. In addition, there is also a lack of a systematic approach to teaching pre-service
teachers how to develop the digital skills of the students, even in the core methodological
course curricula as “School course on information technology”.

Given the fact that pre-service teachers attend several methodological courses and at
least one on ICT, the need for a coordinated integration of pedagogical digital competencies
into methodological courses is clearly outlined. At the national and university levels,
however, there is a lack of clear coordination between ICT and methodological courses. This
issue is further complicated by the autonomy of Sofia University lecturers in determining
the content of their courses, which highlights the need for guidelines to ensure consistency
in the development of their PDC.

4.1.2. Findings from the Analysis of SQD-Survey

A short survey was provided for the university teachers as the first part of the interview.
The interviewers received the results in advance so that they could use them during the
interview. The questionnaire was filled out by hand or in an electronic file by the university
teachers and was sent to the interviewers. In the survey, each teacher had to evaluate to
what extent they applied each of the SQD strategies. For each strategy, four sub-strategies
were proposed, to be evaluated in a six-point Likert scale, with the lowest level being
“completely disagree” (1) and the highest “completely agree” (6). All the university teachers
in the sample (44) participated by filling in the survey for all the sample courses in which
they teach (a total of 4822 from ICT-based and 26 from methodological courses). As
some teachers teach in more than one course, only one survey response per teacher was
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selected in our comparative analysis. For teachers teaching several courses of the same
type, one course was randomly selected. For the two teachers who teach both ICT and
methodological courses, one was included in the analysis based on their methodological
course and the other was included based on their ICT course. As a result, the final dataset
consisted of 44 unique survey responses to ensure that each participant was represented
only once in the analysis. The summarised statistical results from the survey and the
reported key practices for each strategy for all teachers are presented in Table 3:

Table 3. Statistical results and reported key practices for SQD strategies.

Role Model Reflection Instruc.t ional Collaboration Auth‘entlc Feedback
Design Experiences
Mean 5.3 4.9 5 4.8 4.6 4.5
Standard 05 04 06 04 04 05
deviation
Min. value 2 1 1 1 1 1
Max. value 6 6 6 6 6 6
Givin 0 Prg;ﬁlrllrilges Providing
& Assisting pp . Encourage Providing sufficient
examples of . for pre-service : .
. : pre-service collaboration  opportunities  feedback and
using ICT in - teachers to - . -
. ) teachers in and sharing  for pre-service guidance and
Key Practices  educational desioni reflect on the .
) esigning experiences teachers to regular
Reported setting, role of ICT .
lessons that . among test different  assessment on
demonstrat- and discuss .
. (fully) studentsand  ways of using ICT
ing best . the challenges
. integrate ICT teachers ICT competence
practices of ICT d
. . evelopment
integration

According to the survey results, teachers of ICT courses generally point out that they
apply most strategies compared to teachers in methodological disciplines. Yet, both groups
had the highest degree of agreement that they use the strategies role model (5.3) and
learning design (5) (see Table 3). The lowest-scoring strategies, authentic experience (4.6)
and feedback (4.5) highlight a gap in opportunities for pre-service teachers to practice
ICT integration in real classroom settings. While many educators claim that they create
opportunities for students to test different ways of using ICT, hands-on training remains
limited, which can be explained by the fact that not all the courses encompass practical
sessions (see the Section 3 for details).

In Table 4, the mean values of the two groups of lecturers in ICT or Methodological
courses are also indicated. To compare and establish statistically significant differences
between the two groups, a T-test was done. For each strategy (Role Model, Reflection,
Instructional Design, Collaboration, Authentic Experiences, and Feedback), the differences
between the two groups of teachers—those who teach ICT courses and those who teach
methodological courses—were tested. The following hypotheses were formulated:

Null hypothesis (Hp): There is no statistically significant difference between teachers
in ICT courses and those in methodological courses in terms of the use of a given strategy.

Alternative hypothesis (Hj): There is a statistically significant difference between
teachers in ICT courses and those in methodological courses in terms of the use of a
given strategy.

Before conducting the calculations, statistical significance was determined using a 95%
confidence level, where the absolute value of the t-statistic exceeded 1.96 (1t > 1.96). A
difference between two groups was deemed statistically significant when the probability of
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the null hypothesis being true (i.e., results occurring due to chance or sampling error) was
less than 5%, as indicated by a p-value below 0.05 (p < 0.05).

Table 4. Comparison of teachers of ICT and methodological courses.

Instructional Authentic

Role Model Reflection R Collaboration . Feedback
Design Experiences

Teachers of ICT 5.7 5.1 5.4 5.2 48 49

courses—Mean
Teachers of

Methodological 4.8 4.7 4.5 4.5 4.5 42
courses—Mean

T-statistic 2.5 2.5 2.6 2.6 2.7 2.7

p-value 0.02 0.01 0.01 0.01 0.01 0.01

Not surprisingly, the results of the T-test (see Table 4) demonstrate that there were
statistically significant differences between educators of ICT courses and those in method-
ological disciplines in all strategies. Since the p-values for all strategies were less than 0.05,
the null hypothesis (Hp) was rejected and it was accepted that there was a statistically
significant difference between the two groups of teachers for all strategies. Teachers of
ICT courses declared that they use all the strategies significantly more actively compared
to methodological teachers. The differences were statistically significant (p < 0.05) for all
strategies, suggesting that teachers of ICT courses are more committed to demonstrating
effective practices for integrating ICT into education by providing students with examples
and guidance on using technology in the classroom. Although this was likely due to their
specialisation and experience in the field of ICT, its impact will be further explored in
the findings in the Observations section, particularly in relation to different aspects of
digital transformation.

4.1.3. Findings from the Interviews Analysis

To take a deeper look at what views university educators hold regarding the digital
transformation of education and preparation of pre-service teachers for it, and to find out
what practical strategies they employ in their courses in this respect, 44 university teach-
ers who teach ICT and methodological courses (a total of 48 courses—22 ICT-based and
26 methodological courses—see the Section 3) were interviewed. The semi-structured inter-
views were based on DigComp 2.2. and DigCompEdu and were analysed using qualitative
categorical analysis, applying a hierarchical coding approach. The coding process was
based on a set of predefined categories aligned with the interview questions, supplemented
by additional codes that emerged inductively from the data. The predefined categories
included: Discussion of the interviewee’s SQD survey responses; Discussion of curricu-
lum documentation; Teacher’s views on digital education; Teacher’s views of constraints;
Teacher’s digital pedagogy; Teacher’s practice; Students” digital competences; Developing
students’ digital competences; and Students” pedagogical digital competences (Devel-
oping students’ pedagogical digital competences; Developing students’ self-regulative
knowledge; School pupils” digital competences; Developing critical digital literacy; and
Assessment of students’ pedagogical digital competences). During the coding process,
additional subcategories were inductively derived, reflecting emerging themes in the data.

For the following analysis, two sets of teachers’ views were distinguished—(1) views
on the preparation of future teachers for digital transformation of education, and (2) practi-
cal strategies for the development of pedagogical digital competencies of future teachers.
Limitations in these processes are also presented under these same headings.
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Views of University Teachers on the Digital Transformation of Education and the
Preparation of Pre-Service Teachers for It

University teachers see digital transformation as necessary and useful for modern
education. For 36 respondents, digitalisation in education is a requirement of the present
(54 mentions). Some of them highlighted that ICT skills are important for labour market
competitiveness (20 mentions by 17 respondents). They share that: “it is absolutely necessary
to prepare students for life in the digital age, as technology enters all areas, and in a number of
areas in our time, digital competence is required.” (Assistant in an ICT course). However,
some of the teachers expressed this need in a more neutral way: “For better or worse, we
are contemporaries and live in the digital age, and adapting to these conditions is imperative.”
(Professor in a methodological course). In general, what most teachers shared was related
to the need for digital transformation of education in view of the world we live in, and not,
for example, to improve the quality of education. Other aspects of digital transformation
related to adapting to student expectations in the digital age also surfaced from teachers’
responses. However, this in itself does not guarantee an improvement of educational
outcomes, nor the preparation of students for the digital world, but rather, an acceptance
of the fact that this is the reality, and we must comply with it. Another example is the
following opinion: “Material development today means the development of technology, including
digital technologies. They determine our life, our activity. They are a given. We exist in it and
we must take them into account in our daily lives and in our studies.” (Associate Professor in
methodological course)

Many university teachers agreed that the teaching of digital competences should be
a mandatory part of education (27 respondents, 51 mentions): “The future teachers must
have high levels of digital competence in order to be able to successfully carry out their professional
and pedagogical commitments” (Associate Professor in an ICT course), “especially after Covid
19, this is imperative” (Professor of a methodological course). Although some educators in
methodology courses emphasised that digital technologies could improve the quality of
school lessons (“A history lesson cannot be prepared qualitatively and interestingly without the
use of digital technologies, and therefore the mastery of PDC. The present school generation learns
best through the use of ICT”"—Associate Professor in a methodological course), generally, the
focus that educators place on the digital transformation is the use of technology as a means
of supporting teaching. Only the ICT Associate Professor from the Faculty of Education
shared that the use of digital technologies increases the activity and motivation of students
(“For me, the most important functions of ICT in the classroom are to support learners’ learning, to
increase their interest, activity and motivation”.) Additionally, very little is mentioned about
the need to prepare future teachers to develop digital competences in students. What
was felt in a large part of the interviews was that the teachers do not appreciate this key
aspect of digital transformation. Only two teachers of ICT courses focused on this aspect:
.. .students must have digital literacy and digital competencies not only as citizens, but also as
teachers . . .. not only to use technology effectively, but also to teach children to do it, for which they
need to have slightly different competencies; . . ... .... 1 repeat many times to the pre-service teachers
that technology should be used purposefully and should serve clear pedagogical goals, not just be
used for the sake of modernity.” (Associate Professor in ICT who prepares primary teachers);
... universities should prepare future teachers to use ICT, to respond to children’s interests, to
motivate them to learn, to develop their creativity and to increase their independence.” (Associate
Professor in ICT from Faculty of Education).

The responses of the university teachers imply that they probably do not distinguish
among the different aspects of digital transformation. This, in turn, potentially means
that they are also unaware of their role in this process. Teachers of ICT courses tend to
associate digital transformation more with the improvement of educational goals, instead
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of preparing students for the digital society, which is rather a priority for teachers of
methodology courses. This focus is expected in specialised methodological courses which
prepare pre-service teachers to teach ICT, but not for the others. Furthermore, while teachers
of methodology courses acknowledge the importance or preparing students for the digital
age, their descriptions of instructional practices focus primarily on using technology as a
support tool for learning rather than actively fostering digital competencies in students.
These results suggest that there is some confusion in teachers’ understandings and priorities,
implying that teachers need guidance.

Pedagogical Preparation of Future Teachers for Digital Transformation in Education

In response to the question “Do you think it is important to develop pedagogical
digital competencies in pre-service teachers and why?”, all interviewees believed that the
development of pedagogical digital competencies is important and necessary. The main
factors that educators identified concerning the importance of developing PDC included
the needs to adapt to new technologies, improve the learning process, and to facilitate
communication and interaction with students—"For me, it is extremely important to develop
PDC in students-future teachers. They must have both theoretical knowledge about the possibilities
of technology in teaching the subject they teach, as well as methodological skills to properly integrate
technologies and, last but not least, to be able to work with various software and applications to
achieve the pre-set educational goals”—Associate Professor in an ICT course. From the answers
of the university teachers, it is obvious that the reasons for the importance of PDCs do
not include the development of skills to prepare learners for the digital age. In general,
their focus has shifted entirely to the first aspect of digital transformation—improving
educational outcomes. This is also supported by the opinions expressed by teachers related
to key PDCs for the successful professional realisation of future teachers, which they
define as creating digital learning content/resources (74 mentions from 36 respondents)
and working with digital learning resources/tools (65 mentions from 26 respondents).
According to the respondents, these competences are important because they support better
teaching and understanding of the learning material and could facilitate communication
and collaboration between teachers and students and improve the assessment process.

However, in order to prepare learners for the digital world, it is important that pre-
service teachers themselves develop their own critical thinking in a digital context. In this
direction, when discussing the development of general (non-pedagogical) digital compe-
tences of future teachers, the development of critical digital literacy is the most frequently
mentioned category by university teachers, with nearly 200 mentions (42 respondents),
equally between ICT and methodological teachers. What makes an impression is that
teachers deeply appreciate the need for critical evaluations of information, the importance
of safety, and ethical issues (including those related to Al) by the future teachers. Some
such examples are presented in Table 5:

Table 5. University teachers’ statements about critical digital literacy of pre-service teachers.

Critical Digital Literacy Aspect University Teachers’ Quotes

Data privacy

“Above all, I pay attention to privacy when working in a digital environment,
especially to students (pre-service teachers—author’s note) to be careful where
and how they leave their data.” (associate professor in ICT course)

Data security and safety

“Privacy, monitoring, data security—these are questions that we usually consider
in the context of using social networks. Security, safety—such topics.” (professor
in methodological course)
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Table 5. Cont.

Critical Digital Literacy Aspect University Teachers’ Quotes

“Teaching and discussing these and other ethical issues, in turn, helps future
teachers to understand the characteristics and impact of information technology
on society and learn how to use it responsibly and effectively, as well as ethically,
of course.” (associate professor in methodological course)

Ethical issues

“Working with data and information is something that is key in this case. And
Data and information literacy certainly, part of their grade depends on how they did in the course with this type
of literacy.” (senior assistant in ICT course)

“.. .. the final requirement for students is that they plan a whole lesson in which
technology is intensively used for different purposes, and if years ago I required

Critical evaluation of digital resources them to develop the appropriate resources, now I do not require it—I demand that
they have effectively and critically selected those which are relevant and can
support the corresponding goals.” (ICT associate professor)

Despite the fact that teachers claimed that they develop pre-service teachers’ critical
digital literacy, which is a prerequisite for the building of similar literacy in pupils, the
university teachers did not discuss at all the development of the 6th DigCompEdu domain
“Facilitating learner’s digital competences”. This omission raises questions about the extent
to which they actively address this aspect in their teaching. In order to look deeper into
this issue, an interview with a teacher who prepares pre-service teachers to teach ICT
was specially analysed in more depth. This associate professor teaches the course that,
according to its official curriculum, aims “to prepare students in a theoretical, technological
and organisational plan for conducting the training in computer modelling and ICT in the
real conditions and specifics of the Bulgarian school”. In his interview, when discussing
PDCs of pre-service teachers, he only emphasised the importance of teaching safety rules
and giving more examples to pupils, thus applying a more practical approach. According
to him, such an approach should be used regardless of what is included in the textbooks,
because it cannot describe all real threats in the digital world. In no other part of the
interview did this lecturer comment on the pedagogical preparation of pre-service teachers
in terms of preparing pupils for the digital age. The main focus in his whole interview was
the low level of basic digital competences of pre-service teachers, which he attributed to
their poor preparation at school. At the same time, this teacher himself did not demonstrate
a strong focus on improving this preparation. This implies that even in key teacher training
courses for teaching ICT, there may be a lack of active work towards the development of
digital literacy of pupils.

University teachers were also asked whether they think that their academic courses
contribute to the development of the PDC of pre-service teachers, and most of them
agreed. Examples of contributions are related to the competencies that they consider
most important—the use of digital resources and tools in the learning process, creation,
and adaptation of digital content. It is noteworthy that seven of the lecturers (all in
methodological disciplines) stated that they do not purposefully develop PDC, which could
mean that they rely on ICT educators for this. Although there was a general agreement
on the importance of PDC and the need for their development in the learning process,
educators do not purposefully prepare pre-service teachers to teach pupils key skills related
to digital transformation, such as digital literacy for working with data and information,
critical thinking, ethical issues, etc. Many teachers pointed out different limitations in
teaching and developing PDC, which are obstacles to the digital transformation at the
university itself. These obstacles are mainly related to the material base and the lack of
sufficient funding for the purchase of technological means and are presented in the Table 6:
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Table 6. Limitations in teaching and developing PDC according to university teachers.

Limitation

University Teacher Quotes

“...in this faculty many people want to be in a computer lab, and not all rooms are such
... about the whiteboard course, because the topic for interactive whiteboard is integrated
into the course, we are usually not in the room where there is an interactive whiteboard.
This is a kind of limitation. “ (professor in methodological course)

“For me, the restrictions are mainly technical, related to available technology” (assistant

Deficiencies in the material and  professor in ICT course)

resource environment (68
mentions, 31 respondents)

.- .. everything current teachers have access to, should also be accessible to future teachers,
including the “Digital backpack” (a platform with open e-resources for teachers—author’s
note), electronic diary, and other tools.” (associate professor in ICT and methodological
courses)

“The main limitation is the lack of affordable educational software for students to work
with. . . universities need to allocate funds for the purchase of such software in order to
develop digital competencies in future teachers”. (associate professor in ICT course)

Regulatory restrictions (44
mentions, 20 respondents)

~Regarding the institutional context and national policy, it is very limiting for me that the
use of specific technologies is required, for example, Microsoft office.” (assistant professor
in ICT course)

“...at the institutional level, it would be good to make a decision on the mandatory use of
Moodle even for full-time and part-time students as administrative support.” (associate
professor in ICT course)

“Building STEM Classrooms everywhere (in schools—authors note), but not in the
faculties” (senior assistant professor in methodological course).

“Practical training in delivering lessons with ICT is needed.” (assistant professor in ICT
course)

“The Qualification Ordinance requires very few courses in the field of ICT (associate
professor in ICT course)

“... universities are not sufficiently included in the so-called qualification courses of
teachers (in the Ordinance). . . here is my experience . . . these courses. . . are not well done
... they are quite general and rather do not . . . develop and update the skills and
competencies of teachers. And I think that universities should be much more seriously
involved in such programmes with qualification courses for teachers. ..” (assistant
professor in ICT course)

Deficiencies in the digital
competence of pre-service
teachers

“I encounter difficulties primarily in master’s and CPD programs, where motivation to
work with technology is weaker.” (associate professor in ICT)

“Unfortunately, I cannot guarantee overall high results (regarding PDC—author’s note),
because really the basic competencies are too different and sometimes, they are an obstacle.”
(associate professor in ICT course)

(22 mentions, 13 respondents) “... surprisingly, many master’s students struggle with even basic tasks, such as writing

with a text editor or searching for relevant information for their assignments.” (senior
assistant professor in methodological course)

In addition, one lecturer pointed out as a restriction “the lack of interest of students in
working in the course” (Assistant Professor in an ICT course), but found that this restriction
was “directly related to the limitations I have already mentioned—the lack of the necessary
technical equipment in the classrooms in which we work”. In this conclusion, the additional
aspect related to the digital transformation surfaced, namely, to adapt to the expectations
of the learners.

In general, university educators express concern about access to technology and
material resources that hinder the effective use of ICT in education. They also note that
pre-service teachers’ digital competence is often insufficient. However, teachers of ICT are
more explicit in pointing out these limitations. It is noteworthy that some of the regulatory
restrictions are related to the requirement for the application of various software, with only
two teachers mentioning the ordinance on acquiring the qualification “teacher”, which
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provides only one compulsory and another optional ICT-oriented disciplines. The teachers
also referred to the need for practical classes, which was implied also in the analysis of
the SQD survey. For the deficiencies of general digital competences in students, it should
be noted that teachers detected such not only in undergraduates, but also in master’s
programme students. This draws attention to the implication that not only the schools but
also the universities fail to sufficiently build the general digital competencies of students.
Another reason may be that students in masters’ programmes may have completed their
undergraduate degrees at a time when digital technologies were not a compulsory part of
the curriculum.

Declared Practical Strategies of University Teachers for the Development of PDC of
Pre-Service Teachers

Our analysis of the declared practical strategies was based on the SQD model, which
was also adopted in the survey. The declared strategies of teachers according to the SQD
model are related to the integration of technologies in teaching and learning, which reflects
the first aspect of digital transformation—improving educational outcomes. University
teachers did not explicitly declare either goals or strategies for the development of the
second aspect—preparation of learners for the digital age. Regarding practical strategies
according to Tondeur’s SQD model (2018), during the interview, each teacher shared
additional information beyond what was indicated in the short surveys. Some of the most
typical examples are presented in the following Table 7.

Table 7. Declared SQD strategies by university teachers.

Strategy

University Teachers” Quotes

Role Model (51 mentions by
29 respondents)

“I demonstrate opportunities for the construction of creative digital practices.” (associate
professor in methodological course)

“Linclude examples of software and applications that facilitate teaching and learning such as
interactive whiteboard, Mozabook, virtual reality, computer games, social networks, etc.”
(associate professor in ICT course)

Authentic Experience (40
mentions, 28 respondents)

“I try as much as possible to provide opportunities for students to test the digital resources
they have created. An example of this are the open lessons in our partner schools, where
students use a demonstration with a drone, mapping with QGIS or StoryMap when
developing the new educational content.” (associate professor in methodological course)
“....students-future teachers . ... create e-courseS, setting them up, adding students, and
developing content of all kinds.” (associate professor in ICT course)

Collaboration (37 mentions.
26 respondents)

“Collaboration applies to the use of digital tools for collaborative activity, for example in some
of the interactive games (Kahoot) and others.” (associate professor in methodological course)

“I encourage students to collaborate in the creation of digital resources. . ... with joint efforts,
while everyone contributes their ideas and suggestions. ...” (professor in methodological
course)

Instructional Design

(38 mentions, 25 respondents)

“During the practical classes, together with the students, we develop learning resources
applicable in practice (at school during their pedagogical internship).” (associate professor in
methodological course)

“I pay special attention to the design of learning. .. It is presented how the process itself is
constructed: design of activities—training, application of interactive methods leading to
knowledge acquisition (i.e., learning), assessment” (associate professor in methodological
course)
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Strategy

University Teachers’ Quotes

Feedback (39 mentions,
24 respondents)

“I provide sufficient feedback to students on the use of ICT in my classes when they present
their course projects. I give feedback not only on the content, but also on how appropriately
they used technologies for the layout and presentation of their ideas and content of the course
project.” (associate professor in ICT course)

.. .. L constantly give feedback. Feedback is extremely important in the training of the
master’s programmes and the postgraduate course. There I put more effort because students
are not so motivated to work with technology.” (associate professor in methodological course)

Reflection (40 mentions,
21 respondents)

“We pay special attention to reflection and try to give such tasks that make students analyse
their activities, make sense of it, answer what they would improve, what they should do next
time.” (associate professor in ICT course)

After each demonstration, with the students we discuss the lesson content. We jointly
outline the pros and cons . . ..” (associate professor in methodological course)

“I use formative assessment. The role of reflection is for students to improve their
developments, . .. as well as to improve their future work.” (associate professor in ICT
course)

The university teachers’ statements reveal that, despite teaching different types of
courses, they use similar strategies, with role models and authentic experiences being the
most commonly declared approaches. Most strategies are widely applied, according to
teachers, with minimal differences in their frequency of mention. Yet, more teachers from
methodological courses indicated that they use a role model (16 methodological, 13 ICT),
authentic experience (17 methodological, 11 ICT), collaboration (15 methodological, 11 ICT),
and reflection (14 methodological and only 7 ICT). Many teachers (28) declared that they
provide students with an authentic experience and opportunities to work with technology
and design digital lessons to be tested in a real educational environment. Yet, due to some of
the previously mentioned institutional limitations (lack of practical classes), some teachers
explicitly shared that “there is no opportunity for authentic teaching by pre-service teachers in a
real educational environment.” (Associate Professor in a methodological course, in which no
practical classes are provided). Despite its potential to improve digital skills and create a
stronger sense of community among students, collaboration was less emphasised. Some
teachers said that they encourage students to work in teams, share ideas and resources,
create common digital products, and exchange and evaluate the created artifacts. It is
noteworthy that two ICT lecturers shared that sometimes, group work is necessary due to
the fact that students have to work on one device. Reflection and feedback are considered
by the teachers as important for the development of students’ critical thinking and self-
esteem. Through reflection, students “become aware of their own digital competence” (associate
professor in ICT course). For the provision of constructive feedback, ongoing support and
guidance teachers shared that they use various communication and assessment platforms,
such as Teams, Zoom, and even social media. However, they face common challenges—for
example, providing timely and individualised feedback. Many educators declared they
apply holistic approaches including most of the strategies. In the examples below, these
are design of learning, collaboration, authentic experience, reflection, and feedback: “I
let students discuss among themselves the possible applications of technology in control lessons,
sometimes purposefully organising them into working groups. When the practices at school begin,
we apply the lessons constructed by the students, after which we always discuss the course of the
lesson, possibly the gaps and difficulties.” (Assistant Professor in a methodological course); “I
encourage them to reflect on what they have created when developing digital learning materials.
Would digital artefact, for example, motivate them and help them acquire knowledge and skills?
What needs to be changed in order for this artefact to be effective? That is, we are working in the
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direction of reflecting on what has been created and how it could be improved, putting ourselves in

the shoes, figuratively speaking, of the pupil.” (Assistant Professor in an ICT course).

The university teachers use a combination of different types of activities (as described

in Laurillard’s framework) in the implementation of the above-mentioned strategies, with

the declared emphasis on discussions and practice. The activities that teachers claimed

they use are described and sorted by frequency in Table 8.

Table 8. Declared learning activities by university teachers.

Activity Type

University Teachers’ Quotes

1. Discussions (48 mentions,
22 respondents)

“A significant part of the discussions with students, as well as the cases that I offer for
discussion, problematise some of the most alarming, toxic effects of digital technologies and the
possibilities for constructing other, fruitful digital practices.” (associate professor in
methodological course)

“Discussions are an essential approach or method in our training. We also discuss the
possibilities of technology in the context of inclusive education.” (associate professor in ICT
course)

“... the students themselves participate directly in the discussions and express a personal
attitude to the negative effects of the application of digital competencies in the pedagogical
discourse, and beyond it—during the performance of various activities both personally and
socially.” (professor in methodological course)

2. Practice

Practical tasks for creating
digital learning products
(40 mentions,

20 respondents)

“We try to structure them (our classes—authors’ note) in such a way that we set the tone in
which they themselves can create content and structure content when they are in a situation to
teach. That is, in each topic there is lecture material, there is, for example, a theoretical part,
then there is a practical part with tasks that they can do in practice during the seminars at the
university and that remains as a homework practice.” (senior assistant professor in ICT course)

3. Production (28 mentions,
24 respondents)

“The course includes a variety of activities related to the development of digital
content—scientific essays, presentations, posters, interactive multimedia presentations for
teaching, scientific report, etc.” (associate professor in ICT course)

4. Acquisition
(Demonstrations in
class—34 mentions,
19 respondents)

“.... L use technology when I visualise content, which are most often PowerPoint
presentations, but they are usually, especially on the topic that is related to the development of
pedagogical competencies very directly, always with links to other applications that 1
demonstrate to students and clarify to them their functions to support various educational
goals.” (associate professor in ICT course)

5. Investigation (19 mentions,
8 respondents)

“.... I spend time after they (pre-service teachers—authors’ note) have done preliminary
research using ICT to manifest critical thinking and we deal with the simple tasks for children
to think critically. Is this a fact or is it an opinion?” (assistant professor in methodological
course)

.. . .when students have to solve certain methodological problems or methodological cases, they
sometimes look for information on the Internet, look for documents, articles, sometimes look for
interesting experiments, methodological solutions, including those that they can apply.”
(associate professor in methodological course)

“For the development of digital control lessons, students extract information from the Internet,
analyse it and evaluate it critically, structure it with the relevant learning resource, e.g.,
didactic test or set of problems in Mozaik.” (assistant professor in methodological course)
“For example, scanning an assignment and there is a programme like Photomath and I ask
students to explore this programme.” (assistant professor in ICT course)

According to university teachers, discussions help students develop skills in searching,

analysing, and using digital resources for learning purposes. Such activities could stimulate

critical thinking and the exchange of ideas among students, which could also support

the second aspect of digital transformation. However, there is a lack of a clear focus on

this aspect. The results demonstrate that apart from the discussions, the most commonly

stated approach was the inclusion of practical tasks. The latter aimed mostly at creating
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educational digital products such as presentations, games, and videos (51 mentions by
23 lecturers). According to the university teachers, the above-mentioned activities allow
students to apply theoretical knowledge in practice and develop skills for working with
various digital tools. Such activities could be successfully implemented in instructional
design and authentic experience strategies. Demonstrations of working with ICT in teaching
are important for the visualisation of the processes and techniques that students need to
master and should successfully correspond to role model strategy. Collaboration was
discussed above as a strategy in the context of the SQD model, but here it should be noted
that group work as an activity was mentioned by only three lecturers.

4.2. Findings from Observations: Actual Practices of University Teachers in Preparing Pre-Service
Teachers for Digital Transformation

4.2.1. Context of Observations

In order to identify the actual practices of university teachers regarding the prepa-
ration of pre-service teachers, almost 140 observations were conducted. Nineteen of the
observed courses were held in a seminar room equipped with the personal laptop of
the lecturer, a multimedia projector, personal devices of students (smartphones, laptops,
tablets). Eighteen of the observed courses were held in a computer lab, which included
desktop computers or laptops for students (about 15-20 pieces), a laptop for the teacher,
a multimedia projector or an interactive whiteboard, and personal devices for students
(smartphones, laptops). These were mainly ICT courses (only 3 methodological). The
remaining 10 courses were conducted online as part of a blended learning programme
of students. For this purpose, platforms such as BigBlueButton, MS Teams, and Google
Meet were used, and each of the students used their personal digital device (computer,
laptop, smartphone). The average number of students in lectures was about 45. For semi-
nars, it was about 15-20 students, and for practical classes it varied from 8 to 25 students,
depending on the course. The most widely used software applications in teaching were
PowerPoint and Moodle, and occasionally learning applications were integrated, such as
Kahoot, WordWall, and Learning Apps.

4.2.2. Observed Activities

The observation reports were based on the six types of activities suggested by
Laurillard (2012) and the three modes of technology usage related to learning with tech-
nology proposed by Aubrey-Smith and Twining (2023). The total number of analysed
activities was 151; 96 of them revealed opportunities for the development of PDC (52 in ICT
and 44 in methodological courses). This represents 64% of the activities. Most often, these
were activities that combine acquisition and discussion (31 activities—20 in ICT and 11 in
methodological courses). A typical approach of educators was to present information (e.g.,
through a presentation) and conduct a discussion with participants on issues related to
the demonstrated learning content. Sixteen of the activities (11 ICT and 5 methodological)
were only for acquisition, i.e., passive observation of presented information, and 4 activities
were only for discussion. The least observed activities were those in which there is only
production (6 activities—b5 in ICT) or only practice (3 activities—2 in ICT), despite the
fact that there was a lot of emphasis on these in the interviews. Activities for practice
and production were mainly observed within the framework of collaboration—13 more
activities for practice and 7 for production were provided as a group activity. In some
of these activities, students engaged in production that included the creation of digital
resources, the development of lessons, and the use of various learning applications. These
kinds of activities have the potential to best develop pre-service teachers’ competencies
by providing authentic experiences, and thus, lasting acquisition of knowledge. Moreover,
such activities provide an opportunity for pre-service teachers to learn with and from others.
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In ICT courses, however, group work is often forced—in four courses, such a practice was
observed due to the lack of sufficient digital devices. The observed practical activities were
mostly related to the development of PDC to support teaching and learning through the
creation of digital resources.

In terms of the approaches used for the development of PDC, the observations demon-
strated that, in most courses, they were represented mostly by a presentation by the teacher,
during which questions occasionally arise that are answered. In support of these observa-
tions is also the frequent usage of PowerPoint presentations to visualise the learning content.
However, more interactive methods, such as discussions (in 24 activities) and collaboration
(25 activities—13 in ICT), were also frequently observed, and sometimes, interactive digital
resources were used for this purpose. Although it was not often mentioned in interviews,
collaboration was represented by group work in combination with one or more of the
following: discussions (19 activities), practice (13 activities), production (7 activities), and
investigation (7 activities) in groups. Some of these group activities (6) took place in a
virtual environment, so it was not possible to see exactly what the learners were doing
there, as the observer did not have access to the individual groups. Despite the fact that
in various activities (20) students were required to investigate (such as searching on the
Internet, e.g., the answer to teachers’ questions), there was no purposeful work in this
direction, nor were guidelines given for conducting these searches. Thus, it cannot be said
that intentional training in terms of data and information literacy was observed. Educators
often incorporate learning activities, assignments, and assessments which require learners
to express themselves through digital means and to modify and create digital content in
different formats. What was not often observed was teaching learners how copyright and
licenses apply to this digital content or how to reference sources and attribute licenses.
In two of the courses (methodological) it was mentioned that there is a requirement for
sources to be referenced in a specific format, but without any additional instructions.

4.2.3. Addressed PDC

Generally, a limited number of competences from the DigCompEdu framework were
addressed. The most frequently addressed competencies during the observations in a
total of 63 activities (35 in ICT and 28 in methodological courses) were combinations of
domains 2. Digital Resources (DigCompEdu subdomains 2.1, 2.2, 2.3—Selection, creation,
modification of digital resources) and 3. Teaching (specifically subdomains 3.1 Teaching
and 3.2 Guidance). In the second domain, teachers used and demonstrated various digital
resources that students could use in their work, such as e-textbooks, multimedia and inter-
active resources, and educational games and applications. Students were encouraged to
create and modify digital content, such as presentations, videos, and interactive resources.
These activities were also related to the third domain—Teaching and Learning, with a focus
more on teaching and guidance subdomains. Activities were also provided in the domain
3.3 Collaborative Learning—educators, although not very often, require students to collab-
orate in a digital environment using platforms such as MOODLE and virtual classrooms.
Additionally, five activities addressed only the 2nd domain and 31 addressed the 3rd
domain, 10 of the latter in combination with the 4th domain—Assessment (DigCompEdu
subdomains 4.1, 4.2, 4.3). They were related to work with interactive applications that allow
students to be assessed (Kahoot, Google Forms, Wordwall, etc.). In a total of 15 activities,
again in combination with teaching and digital resources, some topics linked to the 5th
domain Empowering learners (subdomains 5.1, 5.2, 5.3) were also featured. These were
mainly in ICT courses (10 activities), with a special focus on inclusion of learners with
SEN—specific resources and how to adapt them for learning purposes. In methodological
courses, the focus was more on strategies for differentiating the work through e-resources
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(5.2) and to engage the active attention of students. No activities were observed in Area 6
(Facilitating learners’” DC).

It could be summarised that the most common activities for the development of the
PDC were:

e  The integration of digital resources in teaching and learning—university teachers used
and demonstrated various digital resources such as electronic textbooks, multimedia
and interactive resources, and educational games and applications, e.g., presentations
and videos in PowerPoint, Google Slides, and Canva, interactive activities and quizzes
in Kahoot, Google Forms, WordWall, LearningApps, and more, and how they can be
applied in teaching practice;

e  Creating digital content for teaching: Pre-service teachers were encouraged to create
and modify digital content, such as presentations, videos, and interactive resources
(e.g., presentations and videos in PowerPoint, Google Slides, and Canva, interactive
activities and quizzes in Kahoot, Google Forms, WordWall, LearningApps, and more).

In ICT courses, the main emphasis was placed on the use of digital technologies for
teaching and learning. Virtual classrooms, interactive presentations, and various digital
tools were often used. In methodological courses, the focus was mainly on the integration
of digital resources into traditional teaching methods. Mainly e-textbooks, multimedia
presentations, and online platforms were used to create learning materials.

4.2.4. Observed Practical Strategies

The main SQD strategy observed was Feedback (in 21 activities)—teachers often
gave feedback to students and encouraged reflection on completed tasks. The next most
commonly used strategies were Role Model (12 activities) and Reflection (11 activities).
Educators often used demonstrations and examples to show students how to use dif-
ferent technologies and resources in the learning process. This approach was observed
for visualising complex concepts, and most often this strategy was expressed through
using a presentation (PowerPoint, Canva, Prezi, etc.), demonstrating different strategies,
digital resources, and applications for teaching and using technology in an educational
environment. For example, university teachers work on certain tasks in MOODLE (the
learning management system used by Sofia University), demonstrating the ways of digital
communication, or make demonstrations and interactions with various online applications
such as Kahoot and WordWall. In these cases, pre-service teachers take on the role of pupils
and play out quizzes (practice); to some extent, such activities may be related to the strategy
of Authentic Experience. The latter was not explicitly detected, but this can be explained by
the fact that lectures and seminars held at the university were observed but not practices
at school. Learning design was covered in some of the methodological disciplines (7), in
which students were required to plan activities for interaction with students in a digital
environment. Although collaboration was quite common as a type of activity according to
the Laurillard framework, actual work in groups, in which everyone from the group con-
tributes to the overall result, was observed in only 9 activities (out of 25). Six collaboration
activities were conducted in a virtual classroom, so the quality of group work could not be
well evaluated. In the other collaborative activities, pre-service teachers worked in groups,
taking turns using one digital device (material deficiency) or other learning aid.

Observations indicated that teachers more often use strategies such as Feedback, Role
Modelling, and Reflection, but the application of Authentic Experience, Learning Design,
and Collaborative Work was quite limited. Although digital resources and tools are used
in the training, students often remain in a passive role instead of actively participating
in the learning process. The lack of real hands-on tasks and effective group interaction
limits the development of key skills such as teamwork and problem solving. The need for
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a more learner-centred approach is underscored here to encourage pre-service teachers’
active participation and work in real or simulated educational settings.

4.2.5. Modes of Applying Digital Technology

As can be seen from all the above, the most common mode of using technology in the
DTIF model was Support—in 45 activities (mainly the use of various visualisation tools by
the teacher). The Extend mode was used in 25 activities (interaction in Moodle and other
platforms for group work, interactive visualisation of learning content for students, working
with an interactive whiteboard in a specialised course, providing feedback in Moodle with
comments (forum type), multimedia posters, and creating hypertext) and lastly, Transform
mode in only 9 activities. The latter were: in the ICT courses—creating video, images (for
educational purposes), databases, and programming; and in the methodological courses—
in the course for teaching ICT (programming), in course for computer heuristics (working
with GeoGeobra—software for geometric simulations), and in the course Methodology
of Teaching Fine Arts (virtual galleries). In the remaining 27 activities, the individual
modes were combined in different ways. For example, a presentation was used that
integrates mind maps or quizzes with which learners interact, or a code was written that
then visualises certain learning content. However, the supporting role of technology was
predominant, which demonstrates that technologies are often used to support or slightly
enhance existing teaching practices rather than fundamentally transforming them. In
addition, it is noteworthy that many teachers use a limited set of technologies, which
could also limit the opportunities for the development of a variety of pedagogical digital
competencies in future teachers and further reduce the effectiveness of training.

4.3. Triangulation of Findings: The Overall Picture

The triangulation of data from curricula, surveys, interviews, and observations pro-
vided a comprehensive understanding of how university educators prepare future teachers
for digital transformation in education. Although they use digital resources and tools for
teaching and learning and teach pre-service teachers how to integrate technologies in the
class, there is a lack of a systematic and holistic approach to the development of their PDC.
Moreover, while educators recognise the importance of preparing pre-service teachers for
digital transformation, their descriptions of teaching approaches in this area revealed a
degree of ambiguity or inconsistency in their understanding of this transformation. The
development of PDC according to curricula, interviews, and observations is mostly focused
on the use of technology for teaching and learning, rather than on providing skills to
future teachers to promote digital competence of students. All data implies that the 6th
domain of Digital Competence Framework for Educators—Facilitating learners’ digital
competence—remains underdeveloped. Therefore, pre-service teachers are probably not
acquiring the necessary pedagogical skills to foster digital citizenship and critical thinking
in their future students through university education. However, this assumption requires
further investigation and will be a subject for future research.

From the analysis of the curricula, it became clear that the ICT courses provide ac-
tivities for preparing students for the effective use of ICT in the learning process and the
integration of technologies in it. The main focus in the ICT curricula was related to a higher
degree to the development of basic digital competencies and to a lower degree to PDCs.
The latter was also developed in the methodological courses in the form of using different
technologies in teaching. This was confirmed by observations—often methodical teachers
were more active in the development of PDCs. All the collected data demonstrated that the
focus in teaching PDCs was mostly related to the competencies for creating digital content
and using it for teaching and learning.
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Although in the surveys and interviews, educators claimed that they use the Role
Model, Authentic Experience, Collaboration, and Reflection strategies to develop pre-
service teachers” PDCs, in real practice, these strategies are being applied to a limited
extent. In contrast to the results of the short survey, in the interviews, many teachers
from methodological courses indicated that they use the above-mentioned strategies. This
may have been due to the specific objectives of these courses, which are aimed mostly at
developing future teachers’” pedagogical skills. On the other hand, ICT courses may focus
more on technical aspects and skills, which could explain the lower frequency of declared
usage of these pedagogical practices. However, this does not explain the divergence in
the stated strategies between the interviews and the survey. This may be due to the fact
that the interviewers required examples from teachers, and thus, teachers more thoroughly
rethought and declared their strategies in the interviews. Unlike the results of the SQD
survey, where the Feedback strategy was the least common, here, it was the main observed
strategy. Moreover, fewer educators pointed to Instructional Design as their strategy
in the interviews in comparison with the survey, and it was not frequently observed.
Collaboration appeared to be applied in a more passive way, rather than as a process of co-
creation. These results imply that while educators acknowledge the importance of the key
strategies to develop PDCs, some constraints (e.g., institutional or logistical) may limit their
effective application (for example, the lack of enough practical classes in their courses). In
interviews, teachers often mentioned technical difficulties and the lack of access to adequate
technological resources (computer rooms, interactive whiteboards, specialised software),
which they pointed out as a reason that they fail to conduct hands-on activities. This was
also indicated by the fact that the least observed activities were Practice and Production,
although teachers declared that they are actively working to develop pre-service teachers’
PDCs through such practical tasks. Many teachers demonstrated approaches of teaching
implemented in activities such as Acquisition and Discussion, with limited application of
student-centred approaches.

The observed practical activities were mostly related to the development of PDCs
to support teaching and learning through the creation of digital resources which fully
correspond to what is stated in the curricula and interviews of teachers, where the areas of
competence “Digital Resources” and “Teaching and Learning” from DigCompEdu were
identified as the most prominent. Observations confirmed that educators often use digital
tools to visualise learning content, but they provide limited interactive and practical tasks to
encourage active learner participation. In general, the results demonstrate that despite the
presence of certain practices to develop PDC, there is a lack of a comprehensive approach
to prepare future teachers for digital transformation. A need for better coordination of the
development of the PDC in the different courses (ICT and methodological) is emphasised,
as well as the development of pre-service teachers’ skills to foster critical thinking and the
digital literacy of pupils. The findings reveal that the university teachers do not clearly
distinguish between these two different aspects of the digital transformation of education
and need guidance. To address these issues, institutional support and professional de-
velopment of teachers could be beneficial in effectively preparing future teachers for the
requirements of the digital age.

5. Discussion

The analysis of the data collected through all research methods (course curricula,
surveys, semi-structured interviews, and observations of study sessions) revealed that
the main priority and focus in the preparation of pre-service teachers falls on the aspect
of digital transformation related to improving learning outcomes. This is undoubtedly
an important aspect, which many researchers highlight as fundamental (Mhlanga, 2024;
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Sangboonraung et al., 2024; Nykvist et al., 2022; Tondeur et al., 2017a). Yet, there is a
lack of prioritisation of the preparation of learners for the digital age, which is key to the
development of a generation that is sensitive to the requirements of the 21st century and a
digital world. Although university teachers recognise that the preparation of pre-service
teachers for digital transformation is important and necessary, they do not explicitly define
such goals and do not work purposefully in this direction. University teachers acknowledge
the importance of developing the PDCs of pre-service teachers and understand them in
the way they are described in some of the literature sources (Vaatdja & Ruokamo, 2021).
Yet, the reasons for the importance of the PDCs that they mention do not include the
development of skills to prepare learners for the digital age, which is an important aspect of
PDC (Council of Europe, 2024; Starkey, 2019). Additionally, while educators acknowledge
the importance of critical digital literacy, which is consistent with the emphasis placed in
the literature on its key role in the pre-service teachers’ preparation (Prachagool et al., 2022),
observations revealed that explicit teaching of it is rare. Skills such as information critical
assessment, ethical considerations, and medjia literacy were not systematically integrated
in the pre-service teacher training. This could be due to many factors, such as a limited
understanding of digital transformation and a lack of awareness of educators’ role in the
process. The existing literature does not address the impact of such limited understanding
among university educators, making this an area that requires further exploration.

What is particularly concerning is that even in key teacher training courses for teaching
ICT, there may be a lack of active work towards the development of digital literacy of pupils.
University educators do not purposefully develop the PDC domain Facilitating Learners’
Digital Competence. The reason for this limited preparation for digital transformation of
pre-service teachers may be complex, e.g., university teachers themselves do not appear to
have the necessary competencies, although in their study, Peytcheva-Forsyth and Racheva
(2024) found that these same teachers provided responses to the self-assessment instrument
SELFIE that would indicate a self-perception of a proficiency level of B2, which is an “expert”
level and should be enough for the development of digital competencies of future teachers.
Also, observations demonstrated that in most cases, teachers use technology merely as
a substitute for traditional methods, which corresponds to the lower self-assessment of
their digital competence (Scherer et al., 2017). There may be a discrepancy between what
they declare and their inner beliefs, i.e., they are not motivated to teach specific PDCs, and
it is possible that regardless of the level of self-evaluation, their practices are influenced
by various factors, such as access to resources, administrative support, and professional
development opportunities (Levin & Wadmany, 2006), or by their broader educational
philosophies (Sjoberg et al., 2024; Wohlfart & Wagner, 2023). Yet, the teachers who declared
constructivist and more modern approaches in their curricula do not tie them to technology.
Moreover, the views of many teachers in methodological courses often reveal a lack of deep
inner conviction about the importance of teaching PDC—their motivation looks rather
external, related to students’ expectations and the need for adaptation. In this context, there
is an implication that material constraints are used as an argument for the lack of effort
in certain areas. Furthermore, the development of PDCs in terms of facilitating pupils’
critical thinking and safe behaviour in the digital environment is sometimes even better
without using digital tools (Selwyn, 2019; Yang et al., 2022; Curwood & Cowell, 2011); as
such, material restrictions do not play a crucial role in this case.

PDC development of pre-service teachers is mainly related to the Digital Resources
and Teaching and Learning domains of DigCompEdu, which is in line with various studies
which suggest that such skills should be the focus of teaching PDC (Srivastava & Dangwal,
2021; Garcia-Delgado et al., 2023). Many teachers in their curricula and in their interviews
declared practical course orientations, which is in accordance with the requirements for
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more hands-on activities in the formation of digital competencies of pre-service teachers
(Knezek et al., 2023; Basilotta-Gémez-Pablos et al., 2022; Jimarkon et al., 2021; Romero-
Garcia et al., 2020; Sondermann et al., 2017). In practical strategies for the preparation of
future teachers, Authentic Experiences occur sporadically, mostly through simulations,
which is in contrast to the literature, which recommends this strategy for the effective
development of pre-service PDCs (Knezek et al., 2023; Basilotta-Gémez-Pablos et al., 2022;
Jimarkon et al., 2021; Romero-Garcia et al., 2020). A lack of opportunities for authentic
learning is problematic, as it can cause pre-service teachers to struggle in integrating digital
tools into their practice (Jimarkon et al., 2021; Romero-Garcia et al., 2020). This issue reveals
a need for providing more practical training to better prepare pre-service teachers for this
aspect of digital transformation. On a positive note, the more frequent use of reflection
strategies by university teachers helps future teachers to identify strengths and areas for
improvement, supporting their overall PDC development (Miguel-Revilla et al., 2020;
Tsankov & Damyanov, 2019).

What is evident from all the data is the lack of a unified perspective or a consistent
approach to the development of the PDC of pre-service teachers. For general digital
competences, there are specific uniform curricula at the level of secondary education, but
for higher education in Bulgaria, the only regulation is related to one compulsory discipline,
whose curriculum is not unified. The curriculum in this compulsory discipline (ICT and
Work in Digital Environment) differs, even within the same faculty, certainly between
different faculties in one university, and especially among the different universities in
Bulgaria. PDCs are likely expected to be developed through methodological courses in
unison with the new paradigms of learning and modern teaching tools. However, in these
courses, teachers primarily rely on electronic textbooks, in which there are some digital
resources, i.e., they substitute traditional technology with digital, rather than transforming
their pedagogy. Nonetheless, the responsibility for the development of PDC in pre-service
teachers should not rest solely on university teachers. Clear standards or guidelines are
needed to provide a consistent framework, whether at the university or at national level. In
addition, teachers should be supported purposefully and not rely on their own initiative
and professional self-actualisation. Universities themselves should have a clear policy
towards the development of digital and pedagogical digital competencies for teachers.
They should coordinate the teaching of ICT and methodological disciplines in terms of
PDC development. At the same time, technical limitations should be recognised by the
universities as a significant obstacle, and universities should take the necessary measures
to address them.

All the findings confirm what was stated by McCarthy et al. (2023), i.e., that for
a preparation of pre-service teachers for digital transformation, a holistic approach is
needed, which includes policy adjustments, effective leadership in guiding the digital
transformation process, curriculum improvement, CPD for educators, focus on student-
centred learning, and adequate technological infrastructure (McCarthy et al., 2023).

6. Conclusions

The findings of this study highlight significant gaps between the current level of
teacher preparation for digital transformation and the competencies required to effectively
promote students’ digital skills. It has been established that there is a lack of policy
and coordination among the different types of courses (Information and Communication
Technology in teaching and Subject methodologies) in terms of preparing future teachers
for digital transformation. While notable efforts are being made to integrate digital tools
into teaching practices, these efforts remain limited to enhancing learning outcomes, and
little attention is being paid to preparing learners for the digital age. University teachers
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use mostly traditional approaches and employ a limited number of strategies for teaching
PDC, which raises concerns about the effectiveness of pre-service teacher training.

To address these gaps, a more systematic and strategic approach needs to be taken
by universities, first to coordinate the pedagogical digital competences taught in ICT and
methodological courses, and then to more purposefully integrate the last domain of Dig-
CompEdu, i.e., the Facilitation of students” digital competences, into teacher preparation
programmes, e.g., in ICT courses. This DigCompEdu domain is directly related to the
preparation of learners for the digital age. Its integration should also foresee increasing
opportunities for authentic experiences through digital projects for real-world teaching
and school practice, expanding the scope of digital tools and platforms beyond basic pre-
sentation and learning management systems. To this end, institutional policies will be
needed, including the provision of more practical classes in the curricula, as well as the
provision of guidance and coordination for the preparation of future teachers in the field
of PDC. Further research should also focus on a more in-depth study of the pedagogical
digital competences of university teachers themselves, as SELFIE results provide a guide-
line, although relying on self-reporting may not fully reflect actual competence levels. If
necessary, relevant courses for educators should be conducted, providing guidance, for
example, through CPD qualifications, joint projects with other universities in different
countries, etc. Further updating the methods and technologies used in teaching should
be undertaken with in-service teachers within the framework of appropriate CPD courses
as well. An important step is also to overcome technical and material constraints through
institutional support, which could be partnering with schools that have good digital infras-
tructures to provide technology-related practices for beginning teachers. While institutional
support which includes funding for software and digital infrastructure remains essential,
exploring collaborative opportunities can help overcome financial constraints and provide
hands-on experience with advanced technologies. By addressing these recommendations,
universities could better prepare pre-service teachers not only to use digital technologies
effectively but also to facilitate their students to acquire the digital skills needed to succeed
in today’s world.

7. Limitations of the Study

The first limitation of this study is that it covered only one university—Sofia Univer-
sity “St. Kliment Ohridski”, with 44 university teachers preparing pre-service teachers.
Although it is the largest in the country, the results provide context-specific insights rele-
vant to Sofia University and cannot be generalised to the entire higher education system
in Bulgaria. Other universities should also be involved in future research in order to
draw representative conclusions about the preparation of future teachers for the digital
transformation in Bulgarian education.

Secondly, the study envisaged the preparation of pre-service teachers only by sur-
veying university teachers and their training. For a more complete view, future research
should also include an evaluation of pre-service teachers’ digital competences and a study
of their views. Furthermore, the study did not examine what pre-service teachers actually
do in practice after their training and how this aligns with the methods and content covered
during their preparation. Such research would provide insights into the effectiveness of
pre-service teachers’ preparation and its impact on real-world teaching practices.

Thirdly, a limitation of the study was that it did not fully explore the structural barriers
hindering the effective implementation of digitalisation strategies in higher education. Fur-
ther investigation into these challenges is needed to better understand how they impact the
preparation of pre-service digital competences for the digital transformation of education.
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Notes

1

Lastly, only three observations were carried out in the individual courses. Although
this allowed us to devise a summary analysis of the practices, we did not fully cover all
aspects of teaching in the respective courses.
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SELFIE (Self-reflection on Effective Learning by Fostering the use of Innovative Educational technologies)—self-assessment tool
for teachers, based on the European Commission framework on promoting digital-age learning in educational organisations
https:/ /education.ec.europa.eu/selfie /about-selfie (accessed on 1 February 2025). The paper by Mizova et al. (2025) presents an
account of the main psychometric properties of this Bulgarian version of the SELFIE instrument used in the study. Data was
collected from two independent samples composed of university professors (n = 94) and teachers from the secondary education
system (n = 281). High values for Cronbach’s alpha were observed (0.975 for university professors and 0.896 for school teachers).
Correlation analysis confirmed strong and significant relationships between the subscales, and also confirmed that the individual
subscales measure different aspects of the construct.

Quirkos (software tool for qualitative text analysis)—https://www.quirkos.com/index.html (accessed on 31 January 2025).
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