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Abstract. 
Our research has focused on the digital competence of teacher training students since 2015. Although these students belong to the digital generation and frequently use digital devices, earlier findings showed that most do not utilize digital technologies skillfully. They rarely engage in collaborative knowledge sharing or interactive content creation. This study presents the results of a longitudinal research project. Over three academic years, we assessed whether students entering teacher training in 2021/22 possessed the digital competencies required to convey subject knowledge and foster key competencies as future educators. The research consisted of three phases. First, we administered a questionnaire based on the DigCompEdu and DigComp 2.1 frameworks. In the second phase, we examined students’ perceptions of the importance and necessity of various digital competencies. In the final phase, task-based assessments were used to evaluate actual skills and identify areas for improvement. Findings indicate that while students show partial awareness in information and data literacy, digital communication, collaboration, and safety, significant gaps exist in digital content creation and problem-solving. These results underscore the need for targeted development within teacher education programs. Our goal is to design and implement specific learning tasks to enhance these skills and better prepare students for digitally supported teaching and learning.
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1. Introduction 
Digital competence is one of the fundamental skills of today’s knowledge-based society, shaping individuals’ social participation and employability. The pace of technological development, the speed of information flow, and the digitalization of economic and social processes have created an environment in which the conscious, effective, and safe use of digital tools has become indispensable (Zhao et al., 2021, A). This competence encompasses not only the ability to manage information and use communication technologies, but also critical thinking, problem-solving, and ethical online behavior. A lack of digital literacy can pose a significant disadvantage in education, employment, the exercise of civic rights, and everyday administrative tasks. Therefore, its development and maintenance represent one of the most important challenges of the 21st century (European Commission, 2020, A).

The development of digital competence can begin at an early age (Chaudron et al., 2018; Pires Pereira et al., 2021); however, formal schooling plays a key role in its deliberate cultivation. During primary and secondary education, students can acquire fundamental digital skills, learn to evaluate information, and practice problem-solving in digital environments. Experimental research findings indicate measurable progress in communication, information management, and problem-solving at the public education levels (Vodă et al., 2022). Research conducted in higher education suggests that the cognitive, technical, and attitudinal dimensions of digital competence are strengthened. This fosters lifelong learning, adaptation to labor market challenges (Zhao et al., 2021, B), and also shows a close relationship with the development of problem-solving skills (Barana et al., 2024).

In this process, the role of teachers is decisive (Basilotta-Gómez-Pablos, 2022). The competence of skilled teachers goes beyond instructing the use of digital tools; they also play a key role in fostering conscious and safe online behavior. Furthermore, they must encourage students’ active participation in digital learning environments and support the development of critical thinking and collaboration skills (Tóth & Horváth, 2023). Their pedagogical preparedness ensures that students do not merely become users of technology, but evolve into informed and responsible digital citizens (ISTE, 2017).

Teacher training institutions play a key role in preparing educators to enter the world of education fully equipped (Fernández-Batanero et al., 2021). These institutions provide the necessary theoretical knowledge and practical experience, teach prospective teachers how to integrate digital technologies into the teaching process, and guide them in creating motivating and creative learning environments. In this way, teachers contribute not only within school communities but also in the broader social context to the development of digital citizenship and digital competencies (Napal Fraile et al., 2018; von Gillern, 2024, A; von Gillern, 2024, B).

In our research, we examine the level of digital competence among teacher training students. Our objectives were to (1) identify the areas and proficiency levels in which students possess adequate skills, as well as those where deficiencies are observed; and (2) determine which knowledge elements, skills, and abilities need to be developed so that future teachers can effectively utilize digital resources in their teaching practice.

2. Frameworks and key models of teachers’ digital competence
The European Union places significant emphasis on defining and developing digital competence, considering it a core component of essential social skills. The Recommendation on Key Competences for Lifelong Learning (European Commission, 2018) defines digital competence as the ability to use information and communication technologies confidently, critically, and responsibly in learning, work, and social participation.

EU recommendations regarding digital competence are not merely theoretical guidelines; they also set concrete educational policy objectives for member states. Among the goals of the European Education Area by 2025 is to ensure that every European citizen possesses the skills necessary for the safe and critical use of digital technologies, particularly in the areas of information verification and digital citizenship (European Commission, 2020, B). This effort is reinforced by the Digital Education Action Plan (2021–2027), whose strategic priority is to establish a digitally competent educational ecosystem. Achieving this involves the continuous professional development of teachers, improving infrastructure and access to tools, and expanding access to digital learning resources (European Commission, 2020, A).

For teacher training programs, this provides direct guidance, as the EU’s recommendations on digital competence offer a framework for designing both curriculum content and teaching methodologies. The goal is to ensure that future teachers are capable of applying digital technologies creatively, interactively, and responsibly, thereby supporting the development of students’ digital competences and reinforcing conscious digital citizenship.

Several theoretical and practical models provide a starting point for assessing and developing teachers’ digital competence (Galindo-Domínguez et al., 2024). One of the best-known is the TPACK model (Technological Pedagogical Content Knowledge) (Mishra & Koehler, 2006), which emphasizes the integration of pedagogical, content, and technological knowledge. According to the model, effective digital teaching occurs when a teacher can align content knowledge with appropriate pedagogical strategies and technological tools.

Similarly, the SAMR model (Puentedura, 2012) describes the levels of applying digital tools in education: Substitution, Augmentation, Modification, and Redefinition. This model helps teachers understand how tool use can transform the learning process, from mere digital substitution to the transformation of learning activities.

The Four Component Instructional Design Model (4C/ID) (van Merriënboer & Kirschner, 2018) supports the acquisition of complex skills and is built on four core components: learning tasks, supportive information, procedural practice, and feedback. In the context of digital competence, this model assists teacher training by fostering the integrated development of technological skills and problem-solving abilities.

Alongside theoretical models, the DigComp framework developed by the European Commission (Carretero et al., 2017) provides a common European reference for developing and measuring digital skills. Its latest version, DigComp 2.1, defines five key competence areas (information and data literacy, communication and collaboration, digital content creation, safety, and problem solving) across eight proficiency levels (from foundational to highly specialised) aligned with the EQF levels. This ensures that digital competencies can be measured and compared across educational systems in Europe.

Since teachers play a central role in shaping students’ digital competences, the European Commission has developed a dedicated framework for them, called DigCompEdu (Redecker, 2017). This encompasses six competence areas from professional engagement, managing digital resources, and implementing teaching and learning in digital environments, to supporting students and developing their digital competences. The proficiency levels (A1 to C2) enable teachers to self-assess and track their continuous professional development. The framework’s strength lies in serving both as a pedagogical guide for the conscious integration of digital tools and as an assessment instrument for measuring teacher competencies.

At the international level, this is complemented by the ISTE Standards for Educators, which define teachers’ digital competencies from a global perspective. They place particular emphasis on students’ digital citizenship, assessment, and ongoing professional growth (ISTE, 2023), thus linking European and international guidelines.

3. Presentation of the research
Our research was carried out as a three-year longitudinal study aimed at tracking the digital competences of teacher training students throughout their entire program. The target group consisted of students enrolled in the Teacher Training Institute of Sapientia Hungarian University of Transylvania in the 2022/2023 academic year (N = 106).

In the first phase, we sought to obtain a comprehensive picture of the digital competence levels of first-year students entering the program. Data collection took place in the first semester of the 2021/2022 academic year and focused on three dimensions: (1) students’ self-assessment of their own digital competences based on the DigComp 2.1 framework; (2) self-assessment of digital competences required for learning according to the DigCompEdu proficiency levels; and (3) evaluation of the digital competences expected from teachers along the DigCompEdu competence areas. The survey was conducted via questionnaire, designed based on the examples and competence areas of the DigComp 2.1 and DigCompEdu frameworks.

In the first part, students performed self-assessment regarding their digital competences needed for learning, according to the six DigCompEdu levels (Newcomer, Explorer, Integrator, Expert, Leader, Innovator). In the second part, they rated their possession of competences within the five main areas of DigComp 2.1 on a seven-point Likert scale. Out of the original 21 competences, 18 were measured, excluding those not directly related to the learning environment (health protection, environmental protection, online civic engagement). In the third part, participants rated, again on a seven-point scale, the extent to which school teachers should possess the competences defined by DigCompEdu, covering 14 sub-areas that reflect generally expected digital competences for teachers (Harangus & Kakucs, 2022).

Based on the results obtained, the subsequent phases of our research were planned. Accordingly, in the second phase, we examined students’ knowledge and practical skills in more detail in the following areas: (1) the use of digital tools and content in mastering the curriculum and maintaining attention; (2) the use and reliability of information available on the internet; (3) teacher-student communication and collaboration; (4) the role of digital learning materials in the teaching-learning process. This survey was conducted in the first semester of the 2022/2023 academic year among students who had participated in the first measurement as well (Harangus & Kakucs, 2024).

In the third phase, during the first semester of the 2023/2024 academic year, competence in specific areas was measured using practical task sets, assessing knowledge, skills, and attitudes required for using digital technologies. A complex pedagogical situation (planning a homeroom class on career guidance) was employed, and three task sets were used to evaluate: (1) the ability to search, filter, evaluate, and manage information; (2) the level of digital tool use and considerations in creating digital learning materials; (3) the appropriate assignment of digital tools to pedagogical situations. Assessment was conducted on a 100-point scale. Solutions were categorized as correct, partially correct (based on provided criteria), or incorrect; tasks not attempted received zero points.

4. Results

The demographic and field-of-study composition of the sample was characterized by the following features. The gender distribution was balanced: 51% male and 49% female. The distribution by field of study was as follows: engineering and IT programs 33.7%, agricultural fields 27.9%, humanities 24%, social sciences 14.4%. The 62% proportion of engineering and technical majors aligns with the university’s educational profile.

Regarding permanent residence, 31.7% of students came from villages, 14.4% from small towns, 11.5% from county seats, and 32.7% from cities; 9.6% did not provide data. Overall, 46% of participants came from rural areas, 44% from urban environments. Regionally, the county distribution was: Brașov 1.9%, Alba 1.9% (dispersed areas); Bihor 1%, Satu Mare 1% (transitional regions); Harghita 23.1%, Covasna 15.4%, Mureș 46.2% (ethnic Hungarian majority areas). In 9.6% of cases, no regional data were provided. 

4.1 Results of the first phase
4.1.1 Students’ self-assessment of their own digital competences based on the DigComp 2.1 framework
Students’ self-assessment of their digital competences according to the DigComp 2.1 framework indicated an overall moderately high level. Examining the distribution of competence levels, the largest proportion rated themselves at Level 7 (36.78%), while the smallest proportion rated themselves at Level 4 (1.15%). By competence area, students reported the highest average scores in safety (5.72), information and data management (5.67), and communication and collaboration (5.66), indicating confidence in these skills. In contrast, lower average scores were observed in problem solving (5.02) and digital content creation and editing (4.83).

4.1.2 Self-assessment of digital competences required for learning based on the DigCompEdu proficiency levels
The distribution of students’ digital competence levels was measured using the DigCompEdu proficiency levels. The results show that the majority of participants are at the Integrator (44.83%) and Expert (35.63%) levels. In contrast, representation at the Leader (8.05%) and Pioneer (4.60%) levels is relatively low, suggesting limited proficiency in developing innovative digital learning environments and renewing pedagogical practices. Only a few students were at the lowest levels, Newcomer (1.10%) and Explorer (5.75%), indicating that most already possess basic digital competences.

4.1.3 Evaluation of the digital competences expected from teachers based on the DigCompEdu competence areas
The level of digital competence expected from school teachers, based on the main competence areas of the DigCompEdu framework, was generally rated as high. According to students’ opinions, teachers are expected to have outstanding abilities in applying digital technologies, particularly in using digital resources and supporting students, which enables teaching opportunities tailored to learners’ competences, interests, and learning needs (average: 6.01–6.00). Similarly, integrating digital tools and strategies into teaching-learning (5.95) and assessment (5.93) processes was considered highly important, reflecting the need for teachers’ deliberate and targeted digital competence. Averages for professional engagement (5.75) and supporting the development of students’ digital competences (5.75) were slightly lower, suggesting that students perceive knowledge and application of these competences as relatively less prominent, though they still consider them important. 

4.2 Results of the second phase
4.2.1 Digital tools and content in learning and maintaining attention
The majority of students find the use of digital tools and content very useful for learning and maintaining attention, although 8–14% believe they do not aid knowledge acquisition. Digital content primarily supports the learning process, while electronic devices mainly support teaching. Everyone agrees that 21st-century teachers need to apply digital technologies to enhance learning outcomes and motivation. Most students would use electronic devices (48%) and digital learning materials (41%) more frequently in teaching, although 8–22% would rely on them less than they would expect other teachers to do.
4.2.2 Use and reliability of online information
Most students (54%) consider information available on the internet reliable, but their critical perspective varies: 18% are very cautious, while 28% tend to trust online content. They verify credibility through source and author checks, examining text style and spelling, and by cross-referencing information. Although the majority are conscious information seekers, many mistakenly trust forums and social media, and few recognize all reliable sources. Moreover, 62% of students do not know that all sources used must be cited, and a significant portion is unaware of copyright regulations concerning citation and content use.
4.2.3 Teacher-student communication and collaboration
The majority of students (90%) correctly recognize that both teachers and students can initiate communication, and that both roles are important for interactions that support learning. Students play a more passive role if the teacher does not expect feedback but respond actively to questions or information, with 95% adhering to basic communication norms. If the teacher does not respond, some students attempt multiple times, others seek answers from alternative sources, while a smaller group reacts critically: some would escalate to the teacher’s superior, others would notify the institution’s administration, or believe that a non-responsive teacher is unfit to teach.
4.2.4 The role of digital learning materials in the teaching-learning process
Students believe that digital learning materials are effective when they are interesting, structured, motivating, and varied; playfulness and humor are less important. Among the elements, multimedia content (images, animations, videos) and interactivity (tests, branching exercises) are most valued, as they aid visualization and maintain attention. Although there is often resistance to longer textual materials, students still consider well-developed texts, methodological guides, and learning instructions important. Opinions on audio-based tasks are mixed, primarily considered useful in language teaching and auditory learning contexts. Students have many creative ideas for applying multimedia elements and believe these enhance and clarify lessons. Overall, they are open to using digital learning materials, and 86% would be willing to create such content themselves if suitable resources were unavailable.
4.3 Results of the third phase
4.3.1 Information searching, filtering, evaluation, and data management 

The vast majority of students (86.67%) selected appropriate keywords when searching for information related to the career guidance lesson and were able to adapt their responses to the fictional pedagogical scenario. Greater difficulty was observed in evaluating the credibility of information: although 71.11% knew how to verify a website’s reliability, only 40% considered multiple factors simultaneously, and just 37.78% completed the task entirely correctly. Regarding data storage, most students (71.11%) created backups, and 75.56% handled source material securely; however, only slightly more than half (53.33%) indicated a clear folder structure and saving path. These results suggest that students possess basic digital literacy and knowledge of data security, but have deficiencies in critically evaluating information and organizing data systematically.
4.3.2 Digital content creation 

All students could name a digital tool to illustrate the career guidance lesson, but many relied on a single tool (e.g., PowerPoint); only 68.42% indicated a sufficiently varied and purpose-appropriate combination of tools and usage methods. The balance between theoretical presentation and interactive illustration was maintained by 65.79%, while others used overly text-centered, passive methods. 86.67% of students considered creating their own digital learning aids important, yet only 26.32% specified concrete points closely related to the career guidance topic. Most responses were general or personal in nature, less structured, and professionally underdeveloped. 13.33% believed new digital materials were unnecessary because sufficient resources are available online, although their justifications were mostly general. Overall, students are open to using digital tools, but show gaps in understanding the content-related aspects of a learning aid.
4.3.3 Use of digital tools 
Students experienced significant difficulty with tasks measuring digital tool usage. While naming communication tools, channels, and platforms was not a major challenge (49.33% could give examples), many mentioned only a single tool, and correct use of terminology was lacking (only 51.11% used technical terms accurately). The greatest challenge was assigning tools to appropriate pedagogical situations, which only 20% of students accomplished correctly. Students primarily identified messaging apps (57.78% correctly), often associating their use with notifications, sharing study information, or quick coordination. However, many confused different categories (e.g., Messenger, WhatsApp, Facebook groups as platforms) and could not clearly distinguish between content-sharing platforms and communication channels.
5. Discussion of the main findings
The results indicate that, based on self-assessment, students possess above-average digital competence across all competence areas of the DigComp 2.1 framework. They feel most competent in safety, information and data management, and communication and collaboration, suggesting that students are confident in gathering information from reliable sources, handling it securely, and communicating and collaborating effectively in online environments.

Lower average scores were observed in problem solving (5.02) and digital content creation and editing (4.83), indicating that students feel less confident in handling complex digital tasks, non-routine problems, and innovative use of digital content. The higher standard deviations in these areas (1.21–1.32) reflect variability in students’ competence levels.

According to self-assessments, the majority of students are at the Integrator level (44.83%), showing that they can incorporate digital technologies into their own learning processes and use them creatively. A significant proportion (35.63%) rated themselves at the Expert level, indicating that many critically and reflectively use digital tools to support their professional development. At the same time, a smaller group (Newcomer – 1.10%, Explorer – 5.75%) reported that they are unable to effectively exploit digital technologies for learning, suggesting the need for targeted support and development programs.

Students expect high levels of digital competence from school teachers, based on the main competence areas of the DigCompEdu framework. They consider it particularly important that teachers deliberately and purposefully apply digital technologies in the teaching-learning process, during assessment, and in supporting students (averages 5.93–6.01). Students place great importance on teachers creating learning environments that integrate digital tools and foster students’ competence development.

According to the six DigCompEdu proficiency levels, students believe teachers should be at least proficient in the broad application of digital strategies (Leader – 51.72%) or at an Expert level (31.03%). A smaller proportion (13.79%) expects teachers to creatively and intentionally integrate digital tools into pedagogical processes, while the fewest (3.45%) considered the basic Integrator (B1) level sufficient.

The findings indicate that teacher candidates are generally open to using digital tools and content; however, their attitudes and knowledge are not uniform across all areas and reveal some gaps. Data clearly show that the majority of students find the integration of digital technologies into education useful. Both tools and content received high average scores for perceived usefulness, suggesting that future teachers are motivated to use digital tools. However, the presence of higher standard deviations and a critical student subgroup (8–14%) indicates that technological tools do not equally facilitate learning for everyone. Correlation analyses also showed only moderate relationships, indicating that students assess the effectiveness of tools and content differently. From a teacher education perspective, this highlights the need for a more differentiated approach in developing digital pedagogical competencies.

More than half of the students consider online content moderately reliable, but their critical attitude toward sources is not always consistent. While most correctly identify credible sources (e.g., electronic libraries, scientific studies), a concerning proportion (25–28%) also considers social media or forum content reliable. This contradicts the conscious information-seeking behavior they profess. Gaps in knowledge of copyright and citation rules (e.g., one-third unaware of proper citation practices) also indicate that students’ digital literacy requires further development. Teacher education should therefore place greater emphasis on source evaluation, ethical content use, and digital citizenship.

Students clearly articulated that the key to effective use of digital learning materials is motivating, structured, and engaging content. Among the material elements, they particularly value multimedia content and interactivity, aligning with modern educational trends and the need to maintain student attention. An interesting contradiction is that students also rated the role of textual content relatively high, even though processing longer texts often poses difficulties. This suggests that, as teacher candidates, they take a more conscious view of curriculum structure than they do as learners.

The investigation of independent digital learning material creation reinforces this picture. Although most students (86.67%) considered it important to develop their own teaching materials, significant gaps were revealed when specifying concrete criteria. Most responses relied on general keywords, technical solutions, or personal experience, lacking structured, pedagogically grounded planning. This indicates that while students recognize the importance of digital materials, they lack sufficient experience in developing them consciously and purposefully.

It is worth noting that a smaller portion of students (13.33%) completely rejected the need to create digital learning materials, arguing that sufficient resources are already available online. Although some alternative suggestions (e.g., university visits, survey processing) were interesting, they did not substitute for the expected digital material development and were pedagogically insufficiently developed.

6. Conclusion 
The three-year study highlighted that teacher education students exhibit a mixed profile of digital competence: they demonstrate stable strengths in certain areas, while significant gaps remain in others. Their strongest dimensions are online safety and basic digital communication, where students feel confident. However, there is a considerable need for development in digital content creation, consistent application of source criticism, problem-solving, and creative technological adaptation.

These findings clearly indicate that teacher education programs must place special emphasis on the deliberate development of critical and reflective digital competencies. Future research and programs should examine how targeted interventions can contribute to students’ professional growth and the renewal of digital pedagogical practice.
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