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Abstract: The rapid digital transformation of education has increased demands on teachers’ digital competences and their
ability to meaningfully integrate digital technologies into teaching practice. Developing these competences in pre-service
teachers therefore represents a key challenge for contemporary teacher education. Microlearning has emerged as a
promising instructional approach that enables flexible, targeted and time-efficient development of digital skills through
short, focused learning units. However, empirical evidence regarding the impact of microlearning on the development of
digital competences among future teachers remains limited. This study therefore examines the effects of a microlearning
course on pre-service teachers’ perceived self-efficacy in using digital technologies for teaching. The study employed a
quantitative pre-post research design conducted over four academic years (2021-2025). Data were collected through an
online questionnaire administered before and after completion of a microlearning course designed to support the
development of selected digital skills relevant to teaching practice. The analysis included responses from 1,437 students in
the pre-survey and 871 students in the post-survey. The questionnaire measured students’ perceived competence across
multiple domains of digital skills, including activities such as creating presentations, designing interactive worksheets, editing
video materials and preparing electronic tests. The collected data were analysed using descriptive and inferential statistical
methods to evaluate changes in perceived competence and examine differences across selected demographic variables. The
findings demonstrate statistically significant improvements across all examined domains of digital skills following completion
of the microlearning course. The most pronounced improvements were observed in areas that students initially perceived
as the most challenging, particularly in creating interactive worksheets, editing video content and designing electronic tests.
The results also indicate a partial reduction in differences between student groups defined by factors such as gender, age
and mode of study, suggesting a homogenising effect of the microlearning intervention on students’ perceived digital
competence. Overall, the study shows that microlearning can effectively support future teachers’ digital competences and
strengthen their confidence in using digital technologies for teaching.
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1. Introduction

The accelerating digital transformation of education has intensified expectations that future teachers will
integrate digital technologies meaningfully into pedagogical practice. Although pre-service teachers commonly
use digital tools in everyday life, their ability to apply them for instructional purposes remains uneven.
Developing technological-pedagogical competence has therefore become a central objective of teacher
education, commonly framed through models such as TPACK (Koehler and Mishra, 2005) and European
competence frameworks including DigCompEdu (Redecker, 2017).

Despite these frameworks, the integration of digital competences into teacher education remains inconsistent.
TALIS 2018 data show that only 56% of teachers reported that digital technologies were included in their initial
preparation and fewer than 40% felt prepared to use them effectively (OECD, 2019). In the Czech context,
DigCompEdu provides a framework for competence development (Ministry of Education, Youth and Sports,
n.d.), yet the use of digital technologies in teaching remains below the OECD average (OECD, 2023). Teacher-
related barriers, including insufficient skills and negative attitudes, continue to constrain effective integration
(Schmitz et al., 2022), while systematic preparation for technology integration in initial teacher education often
remains limited and is frequently supported through modelling and mentoring during teaching practice (Heine
et al, 2024).
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These challenges became particularly visible during the COVID-19 pandemic, which accelerated educational
digitalisation and increased expectations regarding teachers’ digital readiness (Weigold and Weigold, 2021;
Zancajo, Verger and Bolea, 2022). At the same time, disparities in digital literacy persisted among teachers and
across the wider population (Deursen, 2020; Tejedor et al., 2020). European initiatives such as the Digital
Education Action Plan 2021-2027 therefore emphasize the need to strengthen digital skills and educational
ecosystems, although their success depends largely on teacher preparedness (European Commission, 2020).

A key determinant of successful technology integration is teachers’ self-efficacy, which influences their
willingness to experiment with digital tools and adopt innovative pedagogical practices. Even in environments
with adequate technological infrastructure, low confidence may inhibit pedagogical innovation (Ertmer and
Ottenbreit-Leftwich, 2010). Teachers with lower technological self-efficacy are less likely to implement
innovative digital practices (Fransson et al., 2019). Self-confidence and motivation are widely recognised as
important determinants of learning effectiveness (Hoz et al., 2024; Ormrod, Anderman and Anderman, 2020),
while professional knowledge is closely related to instructional quality (Shulman, 1987). Teacher professional
identity evolves through experience and reflection (Vanassche and Kelchtermans, 2014), and digitalisation may
either strengthen or weaken teachers’ confidence depending on their level of competence (Fransson et al.,
2019).

Professional development—formal, informal, and self-directed—plays an important role in strengthening
technological self-efficacy (Barton and Dexter, 2020). Meta-analytic evidence confirms a strong positive
relationship between technological self-efficacy and the TPACK framework (Zeng, Wang and Li, 2022), while
structured preparation and continuous professional development positively influence teachers’ confidence and
technology integration practices (Amponsah et al., 2024). Higher self-efficacy is also associated with greater
willingness to adopt innovative tools and overcome barriers (Prestridge, 2012; Tondeur et al., 2017).
Consequently, teacher characteristics interact dynamically, with professional self-confidence representing a
significant secondary barrier after the availability of technologies and opportunities for further training (Abedi
and Ackah-Jnr, 2023).

Taken together, these findings indicate that teacher education needs flexible, structured, and practice-oriented
approaches that can support the gradual development of digital competences while strengthening pre-service
teachers’ confidence in using technologies for teaching. In response to these challenges, new forms of
professional learning have emerged within technology-enhanced education, among which microlearning has
recently attracted increasing attention.

2. Literature Review

Microlearning represents a promising instructional approach. Although no single, universally accepted definition
exists (Mohammed, Wakil and Nawroly, 2018), microlearning is typically characterized by short, learner-
centered, and predominantly asynchronous instructional segments (Major and Calandrino, 2018), delivered
through modular multimedia units that can be accessed anytime and anywhere (Cronin and Durham, 2024).
Individual learning activities usually last between two and ten minutes (Buchem and Hamelmann, 2010) and
support distributed practice, which enhances retention (Nowak, Speed and Vuk, 2023), although their
effectiveness may vary depending on learners’ individual characteristics (Rof, Bikfalvi and Marques, 2024).

The potential effectiveness of microlearning can also be explained through established cognitive and
instructional design theories. From the perspective of Cognitive Load Theory, short and clearly structured units
may reduce extraneous cognitive load by limiting the amount of information processed at one time and focusing
attention on a specific task or concept (Paas, Renkl and Sweller, 2003). Microlearning is also consistent with
distributed practice and retrieval-based learning, which emphasize repeated engagement and recall as
mechanisms supporting retention (Dunlosky et al., 2013). It should therefore be understood not merely as
fragmented content, but as an instructional design approach combining concise content, focused activity,
feedback, and repeated practice.

Microlearning aligns well with learning preferences frequently associated with Generation Z. Research suggests
that these learners prefer concise multimedia content, mobile accessibility, interactive activities, and rapid
feedback (Aivaz and Teodorescu, 2022; Jayathilake et al., 2021; Manzoni et al., 2021; Navarrete et al., 2025;
Wang et al.,, 2023; Zhang et al., 2025). These characteristics correspond closely with core microlearning
principles such as short modular units, multimedia segmentation, mobile delivery, and gamified or socially
supported learning activities (Arnab et al., 2021; Buchem and Hamelmann, 2010; Goschlberger, 2017). The
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relationship between learning characteristics frequently attributed to Generation Z and the design principles of
microlearning is summarized in Table 1.

Empirical research across higher education, medical education, and professional development indicates that
microlearning can enhance short-term learning outcomes, knowledge retention, learner satisfaction, and
practical skill development (Dennen, Arslan and Bong, 2024; Gorham, Majumdar and Ogata, 2023; Hlazunova et
al., 2024; Javorcik, Kostolanyova and Havlaskova, 2023; Kohnke et al., 2024; Richardson et al., 2023; Roman-
Sanchez et al., 2023; Waldia et al., 2023;). At the same time, common methodological limitations persist,
including small sample sizes, short intervention periods, and a strong reliance on self-report instruments (Al-
Zahrani, 2024; Richardson et al., 2023; Roman-Sanchez et al., 2023).

Table 1: Structural alignment between Generation Z learning characteristics and microlearning design

principles

Generation Z Learning Characteristic Corresponding Microlearning Design Principle

Preference for concise and brief content Modular micro-lessons (typically 2—10 minutes)

Strong orientation toward multimedia (visual/auditory) Segmented multimedia instructional design

High level of mobile device usage Mobile-first approach with anytime, anywhere accessibility

Affinity for gamification and interactive formats Game-oriented and activity-driven micro-tasks

Preference for social interaction and collaboration Integration of social media and peer interaction elements

Demand for personalization and autonomy Adaptive learning systems and individually paced instruction

Expectation of immediacy and rapid feedback Immediate feedback mechanisms embedded within micro-
lessons

Multitasking and fragmented attention Short, focused learning segments supporting distributed
practice

It should be noted, however, that multitasking should not be interpreted as an inherently beneficial learning
strategy. Evidence from educational research suggests that media multitasking may interfere with attention,
working memory, comprehension, recall, and academic performance (May and Elder, 2018). In the present
study, microlearning is therefore not understood as a response that encourages multitasking, but rather as a
design strategy intended to reduce cognitive overload, focus attention on clearly defined tasks, and support
distributed practice through short, structured learning sequences.

Although microlearning has been associated with increased self-efficacy in several educational contexts,
including medical education (Sozmen, 2022; Zarshenas et al., 2022), patient education (Janssen et al., 2023;
Rahbar, Zarifsanaiey and Mehrabi, 2024), language education (Prasittichok and Smithsarakarn, 2024), and
corporate training (Karlsen, Balsvik and Rgnnevik, 2023), its impact on the digital self-efficacy of pre-service
teachers remains underexplored. Digital literacy and self-efficacy constitute significant predictors of innovative
thinking (Al-Hattami, 2025), and teacher self-efficacy develops primarily through practical experience rather
than as a function of gender differences (Symes, Lazarides and HuRRner, 2023).

In response to this research gap, the present study aims to examine the impact of a microlearning course on
pre-service teachers’ perceived self-efficacy in the use of digital technologies for instructional purposes within
the Czech educational context. The study addresses the following research questions:

RQ1: What differences in pre-service teachers’ self-efficacy across specific domains of digital skills can be
identified before and after completing the microlearning course?

RQ2: To what extent did participation in the microlearning course influence pre-service teachers’ self-efficacy in
individual digital skills, and are these changes statistically significant?

RQ3: What is the effect of factors such as gender, age, and mode of study on pre-service teachers’ self-efficacy
in digital skills before and after completing the course?

RQ4: Are there differences in self-efficacy across academic cohorts, and how did the microlearning course affect
these differences?
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3. Methods

The study employed a quantitative pre—post design to examine changes in pre-service teachers’ perceived self-
efficacy in digital competences following completion of a microlearning course. This approach allows comparison
between baseline and post-intervention levels of perceived professional confidence. Given that self-efficacy
represents a subjective belief in one’s capability to perform specific tasks (Bandura, Freeman and Lightsey,
1999), a pre—post measurement approach is considered an appropriate method for identifying changes resulting
from mastery experiences (Ertmer and Ottenbreit-Leftwich, 2010; Jahnke et al., 2020; Schmitz et al., 2022).

The research was carried out over four consecutive academic years (2021-2025) at a Czech university (Faculty
of Education, University of Ostrava) within a compulsory course focused on the development of pre-service
teachers’ digital competences and the pedagogical use of digital technologies. The pre-survey was completed by
1,437 respondents and the post-survey by 871 respondents. The discrepancy in the number of responses reflects
voluntary participation in the research component and the anonymous nature of data collection. The
demographic characteristics of the sample (gender, age categories, mode of study—full-time/part-time) are
presented in Table 2. Gender was self-reported and coded as male or female. The inclusion of multiple cohorts
made it possible not only to assess the immediate effect of the intervention but also to examine the stability of
findings across academic years and to account for potential contextual influences.

Table 2: Structure of the research sample

Variable Category 2021/2022 2022/2023 2023/2024 2024/2025 Total
Pre/Post Pre/Post Pre/Post Pre/Post Pre/Post
Gender Male 116/61 96/40 86/54 82/40 380/195
Female 238/159 249/173 300/192 270/152 1057/676
Age Up to 20 226/127 237/138 250/144 226/116 939/525
21-30 years 100/78 83/60 93/73 82/57 358/268
3140 years 20/13 12/9 26/17 30/10 88/49
41-50 years 8/2 12/6 15/12 13/8 48/28
Over 50 years 0/0 1/0 2/0 11 41
Focus of Kindergartens 15/9 21/11 11/10 23/10 70/40
pgcc:la‘g:gl%al Primary schools (1st 70/51 90/21 122/70 102/14 384/156
stage)
Primary schools 141/87 121/116 149/95 119/93 530/391
(2nd stage)
Secondary schools 128/73 113/65 104/71 108/75 453/284
Form of study Regular learning 287/183 285/175 303/191 268/150 1143/699
Distance learning 67/37 60/38 83/55 84/42 294/172

The intervention consisted of a fully online microlearning course structured into modular units composed of
short, task-oriented segments (2—10 minutes), in accordance with the defining characteristics of microlearning
described in the literature (Buchem and Hamelmann, 2010). The microlearning course Information Technology
in Education was developed and delivered within the Moodle learning management system (LMS) as a
compulsory component of all teacher education programmes at the Faculty of Education, University of Ostrava.
Cilem predmétu bylo poskytnout budoucim uditelim obecny zdklad pro praktické a pedagogické vyuZivani
digitalnich technologii ve vzdélavani, zatimco oborové specifické aplikace jsou rozvijeny v navazujicich didakticky
orientovanych predmétech. The individual modules focused on specific domains of digital competences relevant
to instructional practice: (1) Text processing and worksheet design, (2) Image and graphic editing, (3) Multimedia
production, (4) Online tools and digital sharing, (5) Mobile technologies and applications. The course was not
designed as discipline-specific training, but as a shared foundation of transversal digital competences relevant
to pre-service teachers across educational levels and subject areas.

To ensure that the microlearning units did not function merely as short fragments of instructional content, each
module followed a recurring instructional sequence. A typical unit began with a concise introduction to the tool,
concept, or pedagogical problem, followed by a short demonstration or guided example. Students then
completed an application task in which they created a concrete educational output, such as a worksheet, digital
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poster, video material, or electronic questionnaire. These tasks were embedded in pedagogically situated
scenarios to connect technical skill acquisition with instructional use.

The modules also incorporated elements supporting recall, reflection, consolidation, and feedback. After
selected activities, students checked their understanding through short verification tasks, compared their
outputs with stated criteria, or reflected on how the created digital material could be used in teaching practice.
Feedback was provided through automated Moodle activities, task completion criteria, model examples, or
teacher comments on submitted outputs. Through this sequence, the course combined content segmentation,
modular progression, self-paced learning, active application, and immediate feedback, thereby reinforcing
mastery experiences as a core mechanism underlying the development of perceived self-efficacy (Bandura,
Freeman and Lightsey, 1999).

Perceived self-efficacy was measured using a structured questionnaire targeting the specific domains of digital
competences aligned with the course objectives. The use of a self-report instrument is grounded in the
theoretical conceptualization of self-efficacy as an individual’s subjective belief in their capability to perform
specific tasks (Bandura, Freeman and Lightsey, 1999). Items were rated on a Likert scale and included the
response option “N — unable to assess,” enabling the identification of areas in which respondents lacked prior
experience. The questionnaire was administratively identical in both the pre-survey and post-survey, ensuring
full comparability of measurements. The internal consistency of the instrument across cohorts was high
(Cronbach’s a = .83-.95; see Table 3), confirming its reliability.

Table 3: Cronbach’s alpha for pre-survey and post-survey questionnaires in 2021/2022 to 2024/2025

Academic year | Pre-survey Post-survey
2021/2022 0.88 0.95
2022/2023 0.85 0.95
2023/2024 0.83 0.94
2024/2025 0.86 0.92

The pre-survey was administered prior to the commencement of instruction, and the post-survey immediately
after its completion. Due to the anonymous nature of data collection, it was not possible to match individual
responses; consequently, a paired (dependent) statistical model could not be employed. The analysis was
therefore conducted at the level of independent samples. This approach is methodologically appropriate in
contexts where anonymity precludes longitudinal tracking of individuals, while still permitting the assessment
of change at the group level. Non-parametric tests for independent samples were employed due to the ordinal
nature of Likert-scale data.

The data were analyzed using descriptive and inferential statistics, with pre- and post-survey differences tested
at a = .05 in NCSS 2023 statistical software (64-bit), version 23.0.2. Responses to the two open-ended items
were analyzed using Braun and Clarke’s (2012) open-ended response coding and analysis methodology.
Participation was voluntary and anonymous, no personally identifiable data were collected, and the study
followed institutional ethical standards.

4. Results

The results are presented according to the research questions: changes in self-efficacy across digital skill areas,
their statistical significance, the role of demographic variables, and cohort effects across four academic years.

4.1 Differences in the Self-efficacy Ratings of Student Teachers Before and After Completing the
Microlearning Course

Aggregated data across all observed academic years provide an overview of students’ perceived self-efficacy in
specific areas of digital technology use before and after completing the microlearning course (Table 4). Three
indicators were used in the analysis: mean (M), median (Mdn), and standard deviation (SD).

Before completing the course, students reported the highest levels of confidence in word processing (M = 1.76)
and creating presentations (M = 1.73). These results indicate that commonly used office tools were already
familiar to most participants prior to the intervention. In contrast, creating an interactive worksheet (M = 3.03)
and editing a video (M = 3.07) were evaluated as the most demanding activities. Higher variability of responses
in these areas (SD > 1.2) suggests considerable differences in students’ prior experience with more advanced
digital tasks.
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Following completion of the microlearning course, mean values decreased in almost all skill domains, indicating
higher perceived competence. The most visible improvements were observed in creating a worksheet (M =2.31
to M = 1.67) and creating a poster or flyer (M = 2.38 to M = 1.62). Although editing a video and creating an
interactive worksheet remained among the more challenging activities, both domains showed substantial
improvement (e.g., 3.07 to 1.98). In addition, slightly lower SD values across most areas indicate more consistent
levels of confidence among students after completing the course. Changes in the relative ranking of individual
digital skills before and after the course are summarised in Table 5.

A further indicator of change is the frequency of the response option “N — unable to assess.” In the pre-survey
this option was selected 1,445 times, whereas in the post-survey it appeared only 42 times. This substantial
reduction suggests that students developed greater awareness of the assessed competence domains and were
better able to evaluate their own skills after completing the course.

Table 4: Results of the self-efficacy assessment in each area of digital skills before and after the course for

the entire observation period

Pre-survey Post-survey
Digital skill area
M Mdn SD M Mdn SD
Word processing in a word processor 1.76 2 0.74 1.58 1 0.95
Data processing in a spreadsheet editor 2.80 3 0.99 2.48 2 0.97
Creating a presentation 1.74 2 0.76 1.53 1 0.97
Creating a worksheet 2.31 2 0.95 1.67 1 0.95
Creating an interactive worksheet 3.03 3 1.04 1.85 2 0.94
Creating an educational infographic 2.60 3 1.04 1.91 2 0.98
Creating a poster/flyer 2.38 2 1.08 1.62 1 0.99
Editing a video 3.07 3 1.23 1.98 2 1.00
Using shared documents 2.15 2 1.01 1.65 1 0.97
Creating an electronic questionnaire or test 2.40 2 1.08 1.53 1 0.97
Navigating an educational application 2.44 2 1.00 1.92 2 0.93
M — Mean, Mdn — Median, SD — Standard deviation
Table 5: Changes in the ranking of digital skills before and after the microlearning course
Digital skill area II\’Ilre-survey I;r:l-(survey nPﬂost-survey II-"acro]skt-survey E;::ge
Creating a presentation 1.74 1 1.53 1 0
Word processing in a word processor 1.76 2 1.58 3 +1
Using shared documents 2.15 3 1.65 5 +2
Creating a worksheet 2.31 4 1.67 6 +2
Creating a poster/flyer 2.38 5 1.62 4 -1
Creating an electronic questionnaire or test 2.40 6 1.53 2 -4
Navigating an educational application 2.44 7 1.92 9 +2
Creating an educational infographic 2.60 8 1.91 8 0
Data processing in a spreadsheet editor 2.79 9 2.48 11 +2
Creating an interactive worksheet 3.03 10 1.85 7 -3
Editing a video 3.07 11 1.98 10 -1
M — Mean
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4.2 Impact of the Microlearning Course on Students’ Self-efficacy in Digital Skills

To determine whether participation in the microlearning course was associated with changes in students’ self-
efficacy, responses from the pre-survey and post-survey were compared using the Mann—Whitney U test (Table
6). Statistically significant differences were identified in all examined areas (p <.001).

The most pronounced changes were observed in creating an interactive worksheet (U = 186,812; Z = -23.51),
creating an electronic questionnaire or test (U = 278,438; Z = —20.78), and editing a video (U = 268,990; Z = —
19.84). These results indicate that the microlearning course was particularly associated with improvements in
areas involving the creation of interactive and multimedia educational materials, which students initially
perceived as more demanding tasks.

Smaller, although still statistically significant, differences were observed in word processing (U = 499,477; Z = -
9.25) and data processing in spreadsheets (U = 509,125; Z = —7.16). These domains already showed relatively
high levels of confidence in the pre-survey, leaving less room for substantial improvement.

Overall, the results indicate that participation in the microlearning course was associated with improvements in
self-efficacy across all examined digital skill domains, although the magnitude of change varied depending on
the complexity of the activity and students’ prior experience.

Table 6: Analysis of differences in students’ self-efficacy before and after the microlearning course using
Mann-Whitney U test

Pre-survey Post-survey
Digital skill area U z p-value

M Mdn | M Mdn
Word processing in a word processor 1.76 2| 158 1 499477 -9.2543 | p<.001
Data processing in a spreadsheet editor 2.80 3| 248 2 509125 -7.1593 | p<.001
Creating a presentation 1.74 2| 1.53 1| 486593.5 -10.141 p <.001
Creating a worksheet 2.31 2| 1.67 1 329173 -17.13| p<.001
Creating an interactive worksheet 3.03 3| 1.85 2 186812 -23.507 | p<.001
Creating an educational infographic 2.60 3] 1.91 2| 333552.5 -15.414| p<.001
Creating a poster/flyer 2.38 2| 1.62 1| 330940.5 -18.057 | p<.001
Editing a video 3.07 3| 1.98 2| 268990.5| -19.843| p<.001
Using shared documents 2.15 2| 1.65 1 411659 -13.429 | p<.001
Creating an electronic questionnaire or test 2.40 2| 153 1 278438 -20.779 | p<.001
Navigating an educational application 2.44 2| 1.92 2 398576 -12.696 | p <.001

M — Mean, Mdn — Median, U — U-value of the statistic, Z — Z-value of the statistic, Significance level a = 0.01
4.3 Impact of Gender, Age, and Form of Study on the Development of Self-Efficacy

The subsequent analysis examined potential differences in self-efficacy development in relation to gender, age,
and form of study (regular or distance learning). Statistical testing using the Kruskal-Wallis One-Way ANOVA
identified several statistically significant differences between groups (Table 7).

Table 7: Statistically significant differences in self-efficacy of student teachers by gender, age and form of
study (Kruskal-Wallis One-Way ANOVA)

Pre-survey Post-survey
Digital skill area Gender! Age? zz}rg;,ff Gender Age Form of study
Word processing in a word 00876 (F) _ _ .00002 (F) — —
processor
Data processing in a 00000 (M) .00088 .00000 o 02599 00159 (DL)
spreadsheet editor : (31-40) (DL) (41-50)|
.00000 00000 .00001
Creating a presentation .00001 (F) ’ RL .00001 (F) .00001 (RL)
(<20) (RL) (<20)
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Pre-survey Post-survey
Digital skill area Gender' Age? ;‘::;r;’f f Gender Age Form of study
Creating a worksheet .00061 (F) — — .00000 (F) — —
; ; ; .02112
Creating an interactive . . . 00184 (F) .01969 (RL)
worksheet (<20)
f ; .002479
Developing an educational _ _ 00507 (F) _ _
infographic (<20)
Creating a poster/flyer .00085 (F) — — .00001 (F) — —
.00281
Editing a video .00281 (M) — .03784 (F) — —
(31-40)
Using shared documents — — 0(2;{73 .01132 (F) — —
Creating an electronic . -00099 .00131 02348 (F) . .
questionnaire or test (<20) (RL) ’
Navigating an educational . -00001 .00358 01175 (F) . .
application (<20) (RL) '

'Female, male (self-reported)
2Up to 20 years of age, 21-30 years of age, 31-40 years of age, 41-50 years of age, over 50 years of age
3Regular learning (RL), distance learning (DL)

In the pre-survey, women reported higher self-efficacy in tasks related to commonly used productivity tools,
including word processing, creating presentations, creating worksheets, and creating posters or flyers. In
contrast, men reported higher self-efficacy in spreadsheet processing and video editing, which may reflect
different prior technological experiences.

After completing the course, women showed significant increases in confidence particularly in creating an
interactive worksheet and editing a video, suggesting that gender-related differences in these domains were
partially reduced during the course. This pattern indicates that structured training in digital competences may
contribute to reducing gender disparities in perceived technological abilities.

Age differences were primarily observed in the pre-survey phase. Younger students (below 20 years of age)
reported higher self-efficacy in creating presentations, developing infographics, and navigating educational
applications, whereas students aged 31-40 years showed higher confidence in spreadsheet processing and video
editing. After the course, the number of statistically significant differences between age groups decreased,
suggesting a partial levelling of self-efficacy across generations.

A similar pattern was observed in the comparison between forms of study. Before the course, regular students
reported higher confidence in presentation creation, whereas distance students reported higher confidence in
spreadsheet processing. After course completion, these differences became less pronounced, which may reflect
the homogenising influence of exposure to the same instructional content.

4.4 Four-Year Comparison of Student Teachers’ Self-efficacy in the Use of Digital Technologies

To examine potential cohort effects, self-efficacy levels were compared across four academic years (2021/2022—-
2024/2025). Differences between cohorts were analysed using the Kruskal-Wallis One-Way ANOVA test.

In the pre-survey, statistically significant differences between academic years were identified in two skill areas:
data processing in spreadsheets (p = 0.02) and creating posters or flyers (p = 0.004). Students in the academic
year 2021/2022 reported higher self-efficacy in spreadsheet processing, while students in 2024/2025 reported
higher confidence in poster and flyer creation.
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However, no statistically significant differences between cohorts were observed in the post-survey results. This
finding suggests that the structure and design of the microlearning course contributed to reducing differences
between student cohorts and resulted in more uniform levels of perceived self-efficacy across groups.

Overall, the four-year comparison indicates that the microlearning course produced consistent outcomes across
different student cohorts, suggesting that the instructional design maintained comparable effectiveness over
time.

4.5 Open-ended Responses

Responses to the open-ended questions complemented the quantitative findings and provided deeper insight
into students’ perceived strengths and weaknesses in the use of digital technologies.

In the pre-survey, many respondents indicated limited confidence in their digital abilities and were often unable
to identify specific strengths. When strengths were mentioned, they most frequently related to commonly used
tools such as MS Word, PowerPoint, Canva, or basic graphic editing, reflecting a relatively basic level of digital
competence prior to the course.

In contrast, post-survey responses demonstrated both an increase in the number of reported strengths and
greater diversity in the technologies mentioned. Students frequently referred to multimedia creation,
interactive educational tools, and the pedagogical integration of digital technologies, including the use of Al
tools, virtual reality, augmented reality, and digital content creation for personalised learning.

Despite the overall improvement, several areas remained challenging. Students frequently mentioned
databases, programming, video editing, and web design as weaker areas both before and after the course. These
topics were only marginally represented in the course structure, which may explain their continued presence
among perceived weaknesses. Artificial intelligence also appeared as a newly mentioned area in the post-survey
responses, indicating increased awareness of the topic while simultaneously reflecting uncertainty regarding its
pedagogical application.

Overall, the qualitative findings support the quantitative results by illustrating a shift from basic operational
familiarity with digital tools toward a broader and more pedagogically oriented understanding of digital
technology use in education.

5. Discussion

This study found statistically significant improvements in pre-service teachers’ self-efficacy across all examined
digital skill domains after completing a microlearning course.

The most pronounced improvements were observed in areas initially perceived as the most challenging,
particularly in the creation of interactive worksheets, instructional video materials, and electronic assessments.
These tasks are complex pedagogical-technological activities because they require students to use digital tools
to create instructional artefacts with a clear pedagogical function. Comparable findings have been reported in
microlearning research across educational and professional contexts, where participation in short, structured
modules resulted in improvements in both learning outcomes and self-efficacy (Rahbar, Zarifsanaiey and
Mehrabi, 2024; Richardson et al., 2023; Zarshenas et al., 2022;). Similar effects have been documented in
medical and professional education, including the training of healthcare professionals (Janssen et al., 2023;
Zarshenas et al., 2022), supporting the theoretical assumption that mastery experiences constitute a central
mechanism in the development of self-efficacy (Bandura, Freeman and Lightsey, 1999).

The substantial reduction in responses marked “N — unable to assess” further indicates enhanced metacognitive
awareness and greater confidence in evaluating one’s own competences. At the same time, isolated decreases
in post-survey self-efficacy scores may be interpreted as a process of recalibration rather than regression. As
students develop a deeper understanding of task complexity, they may reassess previously overestimated
perceptions of their own competence. This interpretation aligns with research highlighting discrepancies
between perceived and externally evaluated competence among pre-service teachers (Dassa and Nichols, 2019)
and with models of reflective professional development in digital competence (Ertmer and Ottenbreit-Leftwich,
2010; Tondeur et al., 2017).

With respect to demographic variables, gender differences were evident in the pre-survey but became partially
attenuated following course completion. Women initially reported higher self-efficacy in traditional productive
tasks, whereas men demonstrated greater confidence in more technically demanding domains. The equalizing
effect observed after the intervention suggests that structured development of digital competences may
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contribute to reducing gender disparities. The literature on academic self-efficacy presents mixed findings: some
studies report higher confidence among men, while others indicate higher academic self-efficacy among women
or emphasize women’s stronger emotional competences supporting performance (Kurniawan et al., 2022;
Salavera, Usan and Jarie, 2017; Webb-Williams, 2014). These inconsistent results reinforce the view that self-
efficacy is context-dependent and shaped by learning experiences rather than by fixed personal characteristics.

Age and mode of study also influenced baseline levels of self-efficacy. Older students and those enrolled in part-
time programmes reported higher confidence in certain domains in the pre-survey, possibly reflecting
accumulated experience and more developed coping strategies (Bausch, Michel and Sonntag, 2014; Doba et al.,
2016). Conversely, younger individuals—particularly women—may exhibit lower initial self-efficacy (Szota et al.,
2024). Post-survey findings, however, revealed an equalizing effect across age groups and modes of study,
suggesting that appropriately designed online educational interventions can significantly strengthen self-efficacy
(Blazer et al.,, 2012). Nevertheless, research in practice-based training contexts (e.g., cardiopulmonary
resuscitation instruction) indicates that face-to-face instruction may, in some cases, produce stronger increases
in confidence for highly procedural skills (Ko, Kim and Cho, 2023), underscoring the importance of instructional
design.

Longitudinal comparisons across four academic years further support the homogenizing effect of the
microlearning course. Although differences in baseline self-efficacy were observed among cohorts in the pre-
survey—likely influenced by prior educational quality, learning environments, and other contextual factors
(Duraku et al., 2022)—these differences were no longer apparent in the post-survey. This finding suggests that
the systematic implementation of microlearning may stabilize competence development across diverse student
populations.

Several limitations should be acknowledged. Because the surveys were anonymous, individual responses could
not be paired across measurement points, limiting causal interpretation at the individual level. Differences in
the number of respondents between the pre- and post-survey may also indicate attrition bias. Furthermore, the
study measured perceived self-efficacy rather than objectively assessed digital performance; the findings should
therefore be interpreted as evidence of changes in students’ confidence, not as direct evidence of demonstrated
mastery of digital competences. Since the post-survey was administered immediately after course completion,
the study also does not allow conclusions about the long-term stability of the observed gains. Future research
should therefore incorporate performance-based measures, analysis of student-created digital artefacts,
delayed post-tests, and evidence of transfer into authentic pedagogical practice.

Overall, the results confirm that microlearning can substantially enhance the digital self-efficacy of pre-service
teachers while simultaneously contributing to the reduction of disparities associated with gender, age, mode of
study, and cohort differences. When systematically integrated into teacher education, microlearning represents
a promising strategy for fostering both competence development and the formation of professional confidence
within digitally enriched educational environments.

6. Conclusion

This study provides longitudinal empirical evidence that a systematically designed microlearning course can
significantly enhance the digital self-efficacy of pre-service teachers across multiple domains of digital skills. The
most substantial gains were observed in areas initially perceived as the most challenging, suggesting that
microlearning may be particularly effective in fostering complex pedagogical-technological competences.

The findings further indicate a homogenizing effect of the intervention, as differences associated with gender,
age, mode of study, and cohort affiliation were reduced or fully eliminated following course completion. This
suggests that a structured, modular approach to digital competence development can contribute to stabilizing
and equalizing competence levels across heterogeneous groups of pre-service teachers.

The results support the theoretical assumptions of the social-cognitive conceptualization of self-efficacy and
confirm the importance of mastery experiences as a central mechanism in the development of professional
confidence. Microlearning thus emerges not only as an effective tool for the acquisition of discrete skills but also
as a strategy that supports the formation of professional identity within a digitally transformed educational
environment.

Despite limitations arising from the use of self-report instruments and the absence of paired individual-level
tracking, the study indicates that the systematic integration of microlearning into teacher education represents
a promising pathway for strengthening the digital readiness of future teachers. Future research should examine
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the long-term transfer of perceived competences into authentic pedagogical practice and combine self-report
data with performance-based indicators.
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Ethics Statement: The study was approved by the Ethics Committee of the Faculty of Education, University of
Ostrava. Participants were informed about the purpose of the study and their inclusion in the research and
participated voluntarily. All data were collected and analysed anonymously.

References

Abedi, E.A. and Ackah-Jnr, F.R. (2023) ‘First-order barriers still matter in teachers’ use of technology: An Exploratory study
of multi-stakeholder perspectives of technology integration barriers’, International Journal of Education and
Development using Information and Communication Technology, 19(2), pp. 148-165.

Aivaz, K.A. and Teodorescu, D. (2022) ‘College Students’ Distractions from Learning Caused by Multitasking in Online vs.
Face-to-Face Classes: A Case Study at a Public University in Romania’, International Journal of Environmental
Research and Public Health, 19(18), p. 11188. Available at: https://doi.org/10.3390/ijerph191811188.

Al-Hattami, H.M. (2025) ‘Understanding how digital accounting education fosters innovation: The moderating roles of
technological self-efficacy and digital literacy’, The International Journal of Management Education, 23(2), p. 101131.
Available at: https://doi.org/10.1016/j.ijime.2025.101131.

Al-Zahrani, A.M. (2024) ‘Enhancing postgraduate students’ learning outcomes through Flipped Mobile-Based
Microlearning’, Research in Learning Technology, 32. Available at: https://doi.org/10.25304/rlt.v32.3110.

Amponsah, K.D., Adu-Gyamfi, K., Awoniyi, F.C. and Commey-Mintah, P. (2024) ‘Navigating academic performance:
Unravelling the relationship between emotional intelligence, learning styles, and science and technology self-efficacy
among preservice science teachers’, Heliyon, 10(9), p. €29474. Available at:
https://doi.org/10.1016/j.heliyon.2024.e29474.

Arnab, S., Walaszczyk, L., Lewis, M. and Kernaghan-Andrews, S. (2021) ‘Designing Mini-Games as Micro-Learning Resources
for Professional Development in Multi-Cultural Organisations’, Electronic Journal of e-Learning, 19(2), pp. 44-58.
Available at: https://doi.org/10.34190/ejel.19.2.2141.

Bandura, A., Freeman, W.H. and Lightsey, R. (1999) ‘Self-Efficacy: The Exercise of Control’, Journal of Cognitive
Psychotherapy, 13(2), pp. 158—166. Available at: https://doi.org/10.1891/0889-8391.13.2.158.

Barton, E.A. and Dexter, S. (2020) ‘Sources of teachers’ self-efficacy for technology integration from formal, informal, and
independent professional learning’, Educational Technology Research and Development, 68(1), pp. 89—108. Available
at: https://doi.org/10.1007/s11423-019-09671-6.

Bausch, S., Michel, A. and Sonntag, K. (2014) ‘How gender influences the effect of age on self-efficacy and training success’,
International Journal of Training and Development, 18(3), pp. 171-187. Available at:
https://doi.org/10.1111/ijtd.12027.

Blazer, K.R., Christie, C., Uman, G. and Weitzel, J.N. (2012) ‘Impact of Web-Based Case Conferencing on Cancer Genetics
Training Outcomes for Community-Based Clinicians’, Journal of Cancer Education, 27(2), pp. 217-225. Available at:
https://doi.org/10.1007/s13187-012-0313-8.

Braun, V. and Clarke, V. (2012) ‘Thematic analysis.’, in H. Cooper, P.M. Camic, D.L. Long, A.T. Panter, D. Rindskopf, and K.J.
Sher (eds) APA handbook of research methods in psychology, Vol 2: Research designs: Quantitative, qualitative,
neuropsychological, and biological. Washington: American Psychological Association, pp. 57-71. Available at:
https://doi.org/10.1037/13620-004.

Buchem, |. and Hamelmann, H. (2010) ‘Microlearning: a strategy for ongoing professional development’, eLearning Papers,
21(7), pp. 1-15.

Cronin, J. and Durham, M.L. (2024) ‘Microlearning: A Concept Analysis’, CIN: Computers, Informatics, Nursing, 42(6), pp.
413-420. Available at: https://doi.org/10.1097/CIN.0000000000001122.

Dassa, L. and Nichols, B. (2019) ‘Self-Efficacy or Overconfidence? Comparing Preservice Teacher Self-Perceptions of Their
Content Knowledge and Teaching Abilities to the Perceptions of Their Supervisors’, The New Educator, 15(2), pp.
156—174. Available at: https://doi.org/10.1080/1547688X.2019.1578447.

Dennen, V.P., Arslan, 0. and Bong, J. (2024) ‘Optional embedded microlearning challenges: Promoting Self-Directed
Learning and Extension in a Higher Education Course’, Educational Technology & Society, 27(1), pp. 166—182.

Deursen, A.J.V. (2020) ‘Digital Inequality During a Pandemic: Quantitative Study of Differences in COVID-19-Related
Internet Uses and Outcomes Among the General Population’, Journal of Medical Internet Research, 22(8), p. €20073.
Available at: https://doi.org/10.2196/20073.

Doba, N., Tokuda, Y., Saiki, K., Kushiro, T., Hirano, M., Matsubara, Y. and Hinohara, S. (2016) ‘Assessment of Self-Efficacy
and its Relationship with Frailty in the Elderly’, Internal Medicine, 55(19), pp. 2785-2792. Available at:
https://doi.org/10.2169/internalmedicine.55.6924.

Dunlosky, J., Rawson, K.A., Marsh, E.J., Nathan, M.J. and Willingham, D.T. (2013) ‘Improving Students’ Learning With
Effective Learning Techniques: Promising Directions From Cognitive and Educational Psychology’, Psychological
Science in the Public Interest, 14(1), pp. 4-58. Available at: https://doi.org/10.1177/1529100612453266.

www.ejel.org 133 ISSN 1479-4403


http://www.ejel.org/
https://doi.org/10.3390/ijerph191811188
https://doi.org/10.1016/j.ijme.2025.101131
https://doi.org/10.25304/rlt.v32.3110
https://doi.org/10.1016/j.heliyon.2024.e29474
https://doi.org/10.34190/ejel.19.2.2141
https://doi.org/10.1891/0889-8391.13.2.158
https://doi.org/10.1007/s11423-019-09671-6
https://doi.org/10.1111/ijtd.12027
https://doi.org/10.1007/s13187-012-0313-8
https://doi.org/10.1037/13620-004
https://doi.org/10.1097/CIN.0000000000001122
https://doi.org/10.1080/1547688X.2019.1578447
https://doi.org/10.2196/20073
https://doi.org/10.2169/internalmedicine.55.6924
https://doi.org/10.1177/1529100612453266

The Electronic Journal of e-Learning Volume 24 Issue 3 2026

Duraku, Z.H., Blakaj, V., Shllaku Likaj, E., Boci, L. and Shtylla, H. (2022) ‘Professional training improves early education
teachers’ knowledge, skills, motivation, and self-efficacy’, Frontiers in Education, 7, p. 980254. Available at:
https://doi.org/10.3389/feduc.2022.980254.

Ertmer, P.A. and Ottenbreit-Leftwich, A.T. (2010) ‘Teacher Technology Change: How Knowledge, Confidence, Beliefs, and
Culture Intersect’, Journal of Research on Technology in Education, 42(3), pp. 255—284. Available at:
https://doi.org/10.1080/15391523.2010.10782551.

European Commission (2020) ‘Digital Education Action Plan (2021-2027)’. European Commission. Available at:
https://education.ec.europa.eu/focus-topics/digital-education/actions/plan.

Fransson, G., Holmberg, J., Lindberg, O.J. and Olofsson, A.D. (2019) ‘Digitalise and capitalise? Teachers’ self-understanding
in 21st-century teaching contexts’, Oxford Review of Education, 45(1), pp. 102—118. Available at:
https://doi.org/10.1080/03054985.2018.1500357.

Gorham, T., Majumdar, R. and Ogata, H. (2023) ‘Analyzing learner profiles in a microlearning app for training language
learning peer feedback skills’, Journal of Computers in Education, 10(3), pp. 549-574. Available at:
https://doi.org/10.1007/s40692-023-00264-0.

Goschlberger, B. (2017) ‘Social Microlearning Motivates Learners to Pursue Higher-Level Cognitive Objectives’, in G.
Vincenti, A. Bucciero, M. Helfert, and M. Glowatz (eds) E-Learning, E-Education, and Online Training. Cham: Springer
International Publishing (Lecture Notes of the Institute for Computer Sciences, Social Informatics and
Telecommunications Engineering), pp. 201-208. Available at: https://doi.org/10.1007/978-3-319-49625-2 24.

Heine, S., Krepf, M., Jager-Biela, D.J., Gerhard, K., Stollenwerk, R. and Kénig, J. (2024) ‘Preservice teachers’ professional
knowledge for ICT integration in the classroom: Analysing its structure and its link to teacher education’, Education
and Information Technologies, 29(9), pp. 11043—-11075. Available at: https://doi.org/10.1007/s10639-023-12212-7.

Hlazunova, O.H., Schlauderer, R., Korolchuk, V.1., Voloshyna, T.V. and Saiapina, T.P. (2024) ‘Microlearning technology based
on video content: advantages, methodology and quality factors’, Journal of Physics: Conference Series, 2871(1), p.
012028. Available at: https://doi.org/10.1088/1742-6596/2871/1/012028.

Hoz, A.D.L., Melo, L., Cafiada, F. and Cubero, J. (2024) ‘Educational robotics for science and mathematics teaching: Analysis
of pre-service teachers’ perceptions and self-confidence’, Heliyon, 10(21), p. e40032. Available at:
https://doi.org/10.1016/j.heliyon.2024.e40032.

Jahnke, I., Lee, Y.-M., Pham, M., He, H. and Austin, L. (2020) ‘Unpacking the Inherent Design Principles of Mobile
Microlearning’, Technology, Knowledge and Learning, 25(3), pp. 585-619. Available at:
https://doi.org/10.1007/s10758-019-09413-w.

Janssen, A., Shah, K., Rabbets, M., Nagrial, A., Pene, C., Zachulski, C., Phillips, J.L., Harnett, P. and Shaw, T. (2023) ‘Feasibility
of Microlearning for Improving the Self-Efficacy of Cancer Patients Managing Side Effects of Chemotherapy’, Journal
of Cancer Education, 38(5), pp. 1697—-1709. Available at: https://doi.org/10.1007/s13187-023-02324-6.

Javorcik, T., Kostolanyova, K. and Havlaskova, T. (2023) ‘Microlearning in the Education of Future Teachers: Monitoring and
Evaluating Students’ Activity in a Microlearning Course’, Electronic Journal of e-Learning, 21(1), pp. 13-25. Available
at: https://doi.org/10.34190/ejel.21.1.2623.

Jayathilake, H.D., Daud, D., Eaw, H.C. and Annuar, N. (2021) ‘Employee development and retention of Generation-Z
employees in the post-COVID-19 workplace: a conceptual framework’, Benchmarking: An International Journal, 28(7),
pp. 2343-2364. Available at: https://doi.org/10.1108/BI1J)-06-2020-0311.

Karlsen, J.T., Balsvik, E. and Rgnnevik, M. (2023) ‘A study of employees’ utilization of microlearning platforms in
organizations’, The Learning Organization, 30(6), pp. 760—-776. Available at: https://doi.org/10.1108/TLO-07-2022-
0080.

Ko, J.-S., Kim, S.-R. and Cho, B.-J. (2023) ‘The Effect of Cardiopulmonary Resuscitation (CPR) Education on the CPR
Knowledge, Attitudes, Self-Efficacy, and Confidence in Performing CPR among Elementary School Students in Korea’,
Healthcare, 11(14), p. 2047. Available at: https://doi.org/10.3390/healthcare11142047.

Koehler, M.J. and Mishra, P. (2005) ‘What Happens When Teachers Design Educational Technology? The Development of
Technological Pedagogical Content Knowledge’, Journal of Educational Computing Research, 32(2), pp. 131-152.
Available at: https://doi.org/10.2190/0EW7-01WB-BKHL-QDYV.

Kohnke, L., Foung, D., Zou, D. and Jiang, M. (2024) ‘Creating the conditions for professional digital competence through
microlearning’, Educational Technology & Society, 27(1). Available at:
https://doi.org/10.30191/ETS.202401 27(1).SP05.

Kurniawan, C., Soepriyanto, Y., Zakaria, Z. and Aulia, F. (2022) ‘Gender Differences in E-Learning Self-Efficacy during
Pandemic Covid-19’": 2nd World Conference on Gender Studies (WCGS 2021), Malang, Indonesia. Available at:
https://doi.org/10.2991/assehr.k.220304.011.

Major, A. and Calandrino, T. (2018) ‘Beyond Chunking: Microlearning Secrets for Effective Online Design’, Distance
Learning, 15(2), pp. 27-30.

Manzoni, B., Caporarello, L., Cirulli, F. and Maghni, F. (2021) ‘The Preferred Learning Styles of Generation Z: Do They Differ
from the Ones of Previous Generations?’, in C. Metallo, M. Ferrara, A. Lazazzara, and S. Za (eds) Digital
Transformation and Human Behavior. Cham: Springer International Publishing (Lecture Notes in Information Systems
and Organisation), pp. 55-67. Available at: https://doi.org/10.1007/978-3-030-47539-0 5.

May, K.E. and Elder, A.D. (2018) ‘Efficient, helpful, or distracting? A literature review of media multitasking in relation to
academic performance’, International Journal of Educational Technology in Higher Education, 15(1), p. 13. Available
at: https://doi.org/10.1186/s41239-018-0096-z.

www.ejel.org 134 ©The Authors


http://www.ejel.org/
https://doi.org/10.3389/feduc.2022.980254
https://doi.org/10.1080/15391523.2010.10782551
https://education.ec.europa.eu/focus-topics/digital-education/actions/plan
https://doi.org/10.1080/03054985.2018.1500357
https://doi.org/10.1007/s40692-023-00264-0
https://doi.org/10.1007/978-3-319-49625-2_24
https://doi.org/10.1007/s10639-023-12212-7
https://doi.org/10.1088/1742-6596/2871/1/012028
https://doi.org/10.1016/j.heliyon.2024.e40032
https://doi.org/10.1007/s10758-019-09413-w
https://doi.org/10.1007/s13187-023-02324-6
https://doi.org/10.34190/ejel.21.1.2623
https://doi.org/10.1108/BIJ-06-2020-0311
https://doi.org/10.1108/TLO-07-2022-0080
https://doi.org/10.1108/TLO-07-2022-0080
https://doi.org/10.3390/healthcare11142047
https://doi.org/10.2190/0EW7-01WB-BKHL-QDYV
https://doi.org/10.30191/ETS.202401_27(1).SP05
https://doi.org/10.2991/assehr.k.220304.011
https://doi.org/10.1007/978-3-030-47539-0_5
https://doi.org/10.1186/s41239-018-0096-z

Tomas Javorcik et al.

Ministry of Education, Youth and Sports (n.d.) ‘Framework of digital competences for teachers’. Ministry of Education,
Youth and Sports. Available at: https://msmt.gov.cz/vzdelavani/ramec-digitalnich-kompetenci-ucitele.

Mohammed, G.S., Wakil, K. and Nawroly, S.S. (2018) ‘The Effectiveness of Microlearning to Improve Students’ Learning
Ability’, International Journal of Educational Research Review, 3(3), pp. 32—38. Available at:
https://doi.org/10.24331/ijere.415824.

Navarrete, E., Nehring, A., Schanze, S., Ewerth, R. and Hoppe, A. (2025) ‘A Closer Look into Recent Video-based Learning
Research: A Comprehensive Review of Video Characteristics, Tools, Technologies, and Learning Effectiveness’,
International Journal of Artificial Intelligence in Education, 35(4), pp. 1631-1694. Available at:
https://doi.org/10.1007/s40593-025-00481-x.

Nowak, G., Speed, O. and Vuk, J. (2023) ‘Microlearning activities improve student comprehension of difficult concepts and
performance in a biochemistry course’, Currents in Pharmacy Teaching and Learning, 15(1), pp. 69—78. Available at:
https://doi.org/10.1016/j.cptl.2023.02.010.

OECD (2019) TALIS 2018 Results (Volume 1): Teachers and School Leaders as Lifelong Learners. OECD Publishing (TALIS).
Available at: https://doi.org/10.1787/1d0bc92a-en.

OECD (2023) PISA 2022 Results (Volume 1l): Learning During —and From — Disruption. OECD Publishing (PISA). Available at:
https://doi.org/10.1787/a97db61c-en.

Ormrod, J.E., Anderman, E.M. and Anderman, L.H. (2020) Educational psychology: developing learners. Tenth edition.
Hoboken, NJ: Pearson.

Paas, F., Renkl, A. and Sweller, J. (2003) ‘Cognitive Load Theory and Instructional Design: Recent Developments’,
Educational Psychologist, 38(1), pp. 1-4. Available at: https://doi.org/10.1207/5S15326985EP3801 1.

Prasittichok, P. and Smithsarakarn, P.N. (2024) ‘The Effects of Microlearning on EFL Students’ English Speaking: A
Systematic Review and Meta-Analysis’, International Journal of Learning, Teaching and Educational Research, 23(4),
pp. 525-546. Available at: https://doi.org/10.26803/ijlter.23.4.27.

Prestridge, S. (2012) ‘The beliefs behind the teacher that influences their ICT practices’, Computers & Education, 58(1), pp.
449-458. Available at: https://doi.org/10.1016/j.compedu.2011.08.028.

Rahbar, S., Zarifsanaiey, N. and Mehrabi, M. (2024) ‘The effectiveness of social media-based microlearning in improving
knowledge, self-efficacy, and self-care behaviors among adult patients with type 2 diabetes: an educational
intervention’, BMC Endocrine Disorders, 24(1), p. 99. Available at: https://doi.org/10.1186/s12902-024-01626-0.

Redecker, C. (2017) European framework for the digital competence of educators: DigCompEdu. LU: Publications Office.
Available at: https://doi.org/10.2760/178382.

Richardson, M.X., Aytar, O., Hess-Wiktor, K. and Wamala-Andersson, S. (2023) ‘Digital Microlearning for Training and
Competency Development of Older Adult Care Personnel: Mixed Methods Intervention Study to Assess Needs,
Effectiveness, and Areas of Application’, JIMIR Medical Education, 9, p. e45177. Available at:
https://doi.org/10.2196/45177.

Rof, A., Bikfalvi, A. and Marques, P. (2024) ‘Exploring learner satisfaction and the effectiveness of microlearning in higher
education’, The Internet and Higher Education, 62, p. 100952. Available at:
https://doi.org/10.1016/j.iheduc.2024.100952.

Roman-Sanchez, D., De-La-Fuente-Rodriguez, J.M., Paramio, A., Paramio-Cuevas, J.C., Lepiani-Diaz, I. and Lépez-Millan, M.
(2023) ‘Evaluating satisfaction with teaching innovation, its relationship to academic performance and the application
of a video-based microlearning’, Nursing Open, 10(9), pp. 6067—-6077. Available at:
https://doi.org/10.1002/nop2.1828.

Salavera, C., Usdn, P. and Jarie, L. (2017) ‘Emotional intelligence and social skills on self-efficacy in Secondary Education
students. Are there gender differences?’, Journal of Adolescence, 60(1), pp. 39-46. Available at:
https://doi.org/10.1016/j.adolescence.2017.07.009.

Schmitz, M.-L., Antonietti, C., Cattaneo, A., Gonon, P. and Petko, D. (2022) ‘When barriers are not an issue: Tracing the
relationship between hindering factors and technology use in secondary schools across Europe’, Computers &
Education, 179, p. 104411. Available at: https://doi.org/10.1016/j.compedu.2021.104411.

Shulman, L. (1987) ‘Knowledge and Teaching:Foundations of the New Reform’, Harvard Educational Review, 57(1), pp. 1-
23. Available at: https://doi.org/10.17763/haer.57.1.j463w79r56455411.

Sozmen, E.Y. (2022) ‘Perspective on pros and cons of microlearning in health education’, Essays in Biochemistry. Edited by
L.V. Mello and H. Watson, 66(1), pp. 39-44. Available at: https://doi.org/10.1042/EBC20210047.

Symes, W., Lazarides, R. and HuRner, |. (2023) ‘The development of student teachers’ teacher self-efficacy before and
during the COVID-19 pandemic’, Teaching and Teacher Education, 122, p. 103941. Available at:
https://doi.org/10.1016/j.tate.2022.103941.

Szota, M., Rogowska, A.M., Kwasnicka, A. and Chilicka-Hebel, K. (2024) ‘The Indirect Effect of Future Anxiety on the
Relationship between Self-Efficacy and Depression in a Convenience Sample of Adults: Revisiting Social Cognitive
Theory’, Journal of Clinical Medicine, 13(16), p. 4897. Available at: https://doi.org/10.3390/jcm13164897.

Tejedor, S., Cervi, L., Pérez-Escoda, A. and Jumbo, F.T. (2020) ‘Digital Literacy and Higher Education during COVID-19
Lockdown: Spain, Italy, and Ecuador’, Publications, 8(4), p. 48. Available at:
https://doi.org/10.3390/publications8040048.

Tondeur, J., Van Braak, J., Ertmer, P.A. and Ottenbreit-Leftwich, A. (2017) ‘Understanding the relationship between
teachers’ pedagogical beliefs and technology use in education: a systematic review of qualitative evidence’,

www.ejel.org 135 ISSN 1479-4403


http://www.ejel.org/
https://msmt.gov.cz/vzdelavani/ramec-digitalnich-kompetenci-ucitele
https://doi.org/10.24331/ijere.415824
https://doi.org/10.1007/s40593-025-00481-x
https://doi.org/10.1016/j.cptl.2023.02.010
https://doi.org/10.1787/1d0bc92a-en
https://doi.org/10.1787/a97db61c-en
https://doi.org/10.1207/S15326985EP3801_1
https://doi.org/10.26803/ijlter.23.4.27
https://doi.org/10.1016/j.compedu.2011.08.028
https://doi.org/10.1186/s12902-024-01626-0
https://doi.org/10.2760/178382
https://doi.org/10.2196/45177
https://doi.org/10.1016/j.iheduc.2024.100952
https://doi.org/10.1002/nop2.1828
https://doi.org/10.1016/j.adolescence.2017.07.009
https://doi.org/10.1016/j.compedu.2021.104411
https://doi.org/10.17763/haer.57.1.j463w79r56455411
https://doi.org/10.1042/EBC20210047
https://doi.org/10.1016/j.tate.2022.103941
https://doi.org/10.3390/jcm13164897
https://doi.org/10.3390/publications8040048

The Electronic Journal of e-Learning Volume 24 Issue 3 2026

Educational Technology Research and Development, 65(3), pp. 555-575. Available at:
https://doi.org/10.1007/s11423-016-9481-2.

Vanassche, E. and Kelchtermans, G. (2014) ‘Teacher educators’ professionalism in practice: Positioning theory and personal
interpretative framework’, Teaching and Teacher Education, 44, pp. 117-127. Available at:
https://doi.org/10.1016/j.tate.2014.08.006.

Waldia, N., Sonawane, S., Mali, M. and Jadhav, V. (2023) ‘Microlearning strategies for teacher professional development in
the era of fourth industrial revolution in India’, Journal of e-Learning and Knowledge Society, pp. 74-81 Pages.
Available at: https://doi.org/10.20368/1971-8829/1135866.

Wang, Q., Sun, F., Wang, X. and Gao, Y. (2023) ‘Exploring Undergraduate Students’ Digital Multitasking in Class: An
Empirical Study in China’, Sustainability, 15(13), p. 10184. Available at: https://doi.org/10.3390/su151310184.

Webb-Williams, J. (2014) ‘Gender differences in school childrens self-efficacy beliefs: Students and teachers perspectives’,
Educational Research and Reviews, 9(3), pp. 75—82. Available at: https://doi.org/10.5897/ERR2013.1653.

Weigold, A. and Weigold, I.K. (2021) ‘Measuring confidence engaging in computer activities at different skill levels:
Development and validation of the Brief Inventory of Technology Self-Efficacy (BITS)’, Computers & Education, 169, p.
104210. Available at: https://doi.org/10.1016/j.compedu.2021.104210.

Zancajo, A., Verger, A. and Bolea, P. (2022) ‘Digitalization and beyond: the effects of Covid-19 on post-pandemic
educational policy and delivery in Europe’, Policy and Society, 41(1), pp. 111-128. Available at:
https://doi.org/10.1093/polsoc/puab016.

Zarshenas, L., Mehrabi, M., Karamdar, L., Keshavarzi, M.H. and Keshtkaran, Z. (2022) ‘The effect of micro-learning on
learning and self-efficacy of nursing students: an interventional study’, BMC Medical Education, 22(1), p. 664.
Available at: https://doi.org/10.1186/s12909-022-03726-8.

Zeng, Y., Wang, Y. and Li, S. (2022) ‘The relationship between teachers’ information technology integration self-efficacy and
TPACK: A meta-analysis’, Frontiers in Psychology, 13, p. 1091017. Available at:
https://doi.org/10.3389/fpsyg.2022.1091017.

Zhang, Y., Yu, M., He, Y., Liu, F. and Shen, J. (2025) ‘Jaw relation recording and transferring: Using digital technology to
augment its instruction in predoctoral prosthodontics’, Journal of Dental Education, 89(2), pp. 186—198. Available at:
https://doi.org/10.1002/jdd.13712.

www.ejel.org 136 ©The Authors


http://www.ejel.org/
https://doi.org/10.1007/s11423-016-9481-2
https://doi.org/10.1016/j.tate.2014.08.006
https://doi.org/10.20368/1971-8829/1135866
https://doi.org/10.3390/su151310184
https://doi.org/10.5897/ERR2013.1653
https://doi.org/10.1016/j.compedu.2021.104210
https://doi.org/10.1093/polsoc/puab016
https://doi.org/10.1186/s12909-022-03726-8
https://doi.org/10.3389/fpsyg.2022.1091017
https://doi.org/10.1002/jdd.13712

