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Keywords Abstract
open and distance | Open and distance learning (ODL) often faces challenges in student motivation
learning, and engagement. This study aimed at examining the effectiveness of a virtual
microlearning, laboratory-assisted microlearning platform in enhancing student motivation and
virtual laboratory, | engagement. Using a quasi-experimental methodology, 52 students from higher
motivation, education institutions in Indonesia were divided into two different groups: the
engagement experimental group, which received the virtual laboratory-assisted microlearning

treatment, and the control group, which used a conventional microlearning
platform. The study revealed that students who used the virtual laboratory-assisted
microlearning platform showed significantly higher motivation and engagement in
ODL than those who used the conventional platform. The platform was also found
to be more effective in improving cognitive ability (N-Gain = 0.7243) and
practical skills (N-Gain = 0.7130), showing both in the high category. The
ANCOVA test confirmed that motivation and engagement significantly influenced
academic success. These findings confirm that the integration of virtual
laboratories in microlearning not only positively impacts student motivation and
engagement but also contributes to increased student academic success in ODL,
making it an effective alternative for teaching in the digital age.

Introduction
The higher education landscape has undergone considerable transformation in recent years,
largely driven by the increasing need for flexible learning opportunities (Hashim et al., 2022;
Zaléniené & Pereira, 2021). Open and Distance Learning (ODL) has emerged as an important
educational model, allowing learners to follow academic programmes without the constraint of
physical presence (Lembani et al., 2020). The flexibility and accessibility of ODL make it
particularly attractive to non-traditional learners, such as working professionals, individuals with
family responsibilities, and those living in remote areas (Saidi et al., 2021; Maphosa & Bhebhe,
2020). Despite these advantages, ODL faces significant challenges in maintaining student
motivation and engagement, factors that are critical to academic success and retention (Xu & Xu,
2020; Allam et al., 2020; Chiu et al., 2021). Unlike traditional classroom environments where
students benefit from direct engagement with instructors and classmates, ODL environments
often leave students feeling isolated and disconnected (Crow & Murray, 2020). In addition,
research reveals that dropout rates in ODL programmes are typically higher than in traditional
education, with student disengagement and lack of academic ability as major factors (Yates et
al., 2020; Aldowah et al., 2020). Therefore, innovation is needed to sustain student motivation
and engagement in ODL.
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Microlearning, defined as the provision of content in concise and focused segments, has
gained popularity as a method to address various challenges associated with ODL (Kohnke et al.,
2024). By breaking down educational content into manageable segments, microlearning aligns
with cognitive load theory, which states that humans process information more effectively if it is
presented in smaller chunks. Microlearning has shown a positive impact on knowledge retention,
and accommodates the diverse schedules of ODL students (Kossen & Ooi, 2021; Bothe et al.,
2019). A study by Nikkhoo et al. (2023) found that microlearning enhances knowledge
compared to traditional lectures. It promotes active learning and allows students to engage at
their own pace and benefit from ODL environments. However, while microlearning offers many
benefits, it also presents challenges, especially in terms of maintaining long-term engagement
and motivation (Dennen et al., 2024; Lee, 2023; Fidan, 2023). The fast-paced, often
asynchronous nature of microlearning can lead to isolation, as students miss the immediate
feedback and interactive experiences found in traditional learning (Zhang & West, 2020; Gokli,
2022). This has led to the exploration of strategies to enhance microlearning in ODL.

Virtual labs present a promising solution to this challenge. Virtual labs offer an
interactive and hands-on learning experience that can help alleviate the isolation often felt by
ODL students (Hernandez-de-Menéndez et al., 2019; Alnagrat Alnagrat et al., 2023). A virtual
laboratory is a digital recreation of an actual laboratory setting, allowing students to conduct
experiments, manipulate variables, and analyse results in a regulated setting (Hao et al., 2021;
Jamshidi & Milanovic, 2022). This provides hands-on and interactive experiences that are often
absent in ODL environments (Umenne & Hlalele, 2020). The integration of virtual labs in
microlearning-based ODL is in line with constructivist learning theory, which highlights the
importance of active learning and applying knowledge in a real-world context.

This study aimed to explore the impact of integrating virtual labs into microlearning in an
ODL context of student motivation and engagement, and its contribution to academic success in
microlearning in ODL programmes.

Research Questions
The research questions were as follows:

1. What is the impact of virtual laboratory integration on students’ motivation and
engagement in ODL programmes?

2. Can the integration of a virtual laboratory in ODL programmes improve students'
academic success?

3. Do motivation and engagement play a role in student academic success?

Literature Review

Microlearning in ODL
Microlearning is an educational strategy that delivers content in concise and targeted segments,
designed to be learnt in a short period of time (Diaz Redondo et al., 2021). This approach is
compatible with ODL, which ensures flexible and efficient delivery of materials. Microlearning
offers compact resources such as videos, texts, infographics and interactive modules, allowing
learners to learn at their own pace anytime and anywhere (Fitria, 2022). This strongly supports
the ODL model, which prioritises learning independence and freedom in arranging the time and
place of learning (Khine, 2019).

The main advantage of microlearning in an ODL context lies in its ability to improve
information retention (Kossen & Ooi, 2021). Its short and varied format increases motivation
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(Sankaranarayanan et al., 2023; Garshasbi et al., 2021). Supported by digital technology, it offers
flexibility and access at any time, extending learning beyond the traditional classroom.

In the context of ODL, microlearning has the potential to be an effective strategy to
increase learner engagement and motivation, especially in the digital era that demands flexibility
in access to learning (Lee, 2023). With the right approach, microlearning can not only provide
short-term benefits in terms of learning retention but also support overall learner engagement
(Allela et al., 2020). However, effective integration requires a structured, collaborative approach
to ensure depth of understanding.

Student Motivation and Engagement in Microlearning
Microlearning is thriving in digital and distance learning but faces challenges in terms of
cognitive, emotional and behavioural engagement (Lee et al., 2019). The short duration of
microlearning limits the depth of content, hindering critical reflection and long-term cognitive
engagement (Sankaranarayanan et al., 2023; Carless, 2019). In addition, the lack of social
interaction in microlearning, which usually takes place independently, is also a significant
challenge (Dolasinski & Reynolds, 2020). Students' emotional and behavioural engagement
often decreases when there is no direct interaction with the facilitator or fellow students.

Motivation in microlearning is very important, and is divided into intrinsic and extrinsic
types (Legault, 2020; Liu et al., 2020). Microlearning can inhibit intrinsic motivation when the
material is irrelevant or too simple (Gherman et al., 2022), and short duration may reduce
students' perception of long-term academic or professional benefits, thus weakening extrinsic
motivation (Taylor & Hung, 2022; Nikkhoo et al., 2023).

A major challenge in microlearning is also related to learner boredom and fatigue (Fitria,
2022; Ghafar et al., 2023). Lack of variety in learning design and challenge could reduce
motivation, while limited collaboration opportunities could increase feelings of isolation in self-
directed learning (Lohman, 2024). While microlearning offers flexibility, it requires careful
design strategies, including varied methods, relevant feedback and social interaction, to
effectively increase engagement, motivation and achieve learning objectives (Fidan, 2023;
Kossen & Ooi, 2021).

Virtual Laboratory in Microlearning and ODL

Virtual laboratories are an important innovation in digital education, especially in supporting
microlearning in ODL programmes (Panda, 2022; Estriegana et al., 2019; Sazanita Isa et al.,
2022; Civril & Ozkul, 2021). Virtual laboratories allow students to conduct experiments and
practical exercises digitally, without the need to be in a physical laboratory (Hernandez-de-
Menéndez et al., 2019). In microlearning, virtual laboratories enhance cognitive engagement by
offering an interactive and focused learning experience (Putri et al., 2021). Constructivist theory
states that knowledge is more effective when learners are actively involved in the practical
application of the concepts learnt (Zajda, 2021), and virtual laboratories provide a platform that
supports this.

In ODL, virtual laboratories overcome geographical and infrastructural limitations,
providing anytime, anywhere access to realistic and repeatable experiments for self-directed and
immersive practice (Herndndez-de-Menéndez et al., 2019; Kapilan et al., 2021). This flexibility
also allows students to conduct as many experiments as needed, improving their understanding
of the material through repetition and exploration.

Virtual laboratories also enhance student motivation by offering control and feedback,
which increases intrinsic motivation (De Vries & May, 2019; Ryan & Deci, 2023). Students can
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set their own pace, with automated feedback reinforcing their experience (Estriegana et al.,
2019). In addition, virtual laboratories increase extrinsic motivation by offering measurable
results from experiments that are directly relevant to the learning material (Hao et al., 2021).
Virtual laboratories present a highly efficient approach to improving the quality of education in
the digital age by increasing accessibility, flexibility and engagement in microlearning and ODL,
making learning more inclusive and interactive.

Methods
Design
This study used a quasi-experimental method, which was chosen because it allowed the
exploration of cause-and-effect relationships through a theoretical approach (Miller et al., 2020).
The research utilised a non-equivalent control group design due to the constraints associated with
conducting random sampling. In each class there was a distribution of students with low,
medium, and high abilities, so that the distribution of student abilities was considered evenly
distributed. In this research framework, two different class groups were formed—the
experimental and the control classes. The experimental class received an intervention in the form
of microlearning-based ODL with Virtual Laboratory support. The control class underwent
microlearning-based ODL without Virtual Laboratory support. Before the treatment was given,
all classes underwent a pretest to assess students' basic competence. During the treatment,
questionnaires were administered to assess the level of student motivation and engagement in
microlearning-based ODL. After the treatment, a final test was conducted on both classes to
evaluate the academic success after the intervention.

Participants

The participants comprised students in their sixth semester from the Electrical Engineering
Education Department at Universitas Negeri Manado, Indonesia in two classes. Participants in
this study were assumed to have an equal level of knowledge. The sampling technique used was
saturated sample (Suriani et al., 2023). This method is used when the entire research population
is sampled. The experimental and control classes were selected through two separate draws.
Class 2021B, with 24 students, was chosen as the experimental group, while class 2021 A, with
28 students, was selected as the control group. So, the total number of research respondents was
52 students.

Data Collection Techniques

Data collection methods in this study were categorised into test and non-test methods. Test
methods were employed to gather data on academic success, while non-test methods were used
to assess the impact of virtual laboratories on student motivation and engagement in
microlearning within the ODL framework. The test instruments used included a pretest, which
was given before the treatment to measure initial ability, and a posttest, which was conducted
after the treatment to evaluate the impact of the intervention that had been implemented. Non-
test data was collected through questionnaires during the treatment. The stages of data collection
are shown in Figure 1.
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Figure 1: Data Collection Stages

Instrument

The study utilised both test and non-test instruments. The test instrument aimed to evaluate
academic success via a pretest-posttest questionnaire conducted before and after the treatment.
While non-test instruments in the form of questionnaires were used to gauge student motivation
and engagement in microlearning-based ODL during the treatment. The pretest-posttest
questions used were in the form of C2 and C4 cognitive level description questions and practical
performance tests for AC circuit analysis material. The same questions and practical
performance tests were used during the pretest and posttest. The items used were items that
passed the validity test, both logical validity and empirical validity. The pretest was given before
the treatment to assess students’ foundational skills, while the posttest was conducted afterwards
to evaluate students’ cognitive abilities and practical skills after the intervention. Furthermore,
the scores obtained were used to evaluate the effect of the treatment on student competence in
each class. The questionnaire was used to assess the level of student motivation and engagement
in microlearning-based ODL during the treatment. The questionnaire consisted of 44 questions.
The student motivation questionnaire comprised measurements of learning goal orientation, task
value, self-efficacy, and self-regulation, and consisted of 32 questions (Velayutham et al., 2011).
In contrast, the student engagement questionnaire included measurements of behavioural
engagement, cognitive engagement, emotional engagement, and social engagement, and
consisted of 12 questions (Deng et al., 2020). This questionnaire had five response options
ranging from "strongly disagree" to "strongly agree".

Data Analysis Technique

Data analysis was intended to analyse the impact of virtual laboratory integration into
microlearning in the context of ODL on student motivation and engagement, as well as its
contribution to student academic success. Data analysis techniques in this study used descriptive
statistics and analysis of covariance. The analysis aims to describe the data of the research
results. Inferential statistics, such as t-test, N-Gain and ANCOVA, were applied to the
intervention on students' motivation and engagement in learning and their contribution to
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academic success. The analysis involved examining questionnaire responses to identify trends in
student motivation and engagement during the intervention. Academic achievement was assessed
using N-Gain, with data analysed through SPSS software.

Results
This section presents the study's results, beginning with descriptive statistics, t-test, N-Gain, and
covariate analysis. The data collected from the questionnaires and tests were organised in tables
and graphs to clarify the patterns and distribution of the data. This description aims to provide
insight into the level of motivation and engagement during the treatment. This section also
provides an overview of the students' academic performance before and after the treatment in
terms of both cognitive and practical skills. In addition, this descriptive analysis and t-test also
served as a basis for identifying significant trends or changes that emerged during the
intervention process, thus allowing the researcher to understand the impact of the virtual
laboratory on students' motivation and engagement in micro-learning in ODL. The improvement
of students' academic success in each group was tested using the N-Gain analysis method.
Meanwhile, to ensure an optimal level of precision in an experiment, especially in controlling the
influence of other variables that cannot be controlled directly, the ANCOVA analysis technique
was used.

i) Impact of Virtual Laboratory Integration on Student Motivation and Engagement in ODL
Programmes

Table 1 presents an overview of the case processing involved in the experiment conducted for
comparison purposes on the effectiveness of microlearning on students' motivation and
engagement in ODL between the two groups. There were no missing cases, with the
experimental group having 24 cases and the control group 28. This completeness reinforces the
reliability and validity of the findings.

Table 1: Case Processing Summary

Cases
Group Valid Missing Total
N Percent N Percent N Percent
Percentage Experiment 24 100.0% 0 0.0% 24 100.0%
Control 28 100.0% 0 0.0% 28 100.0%

Table 2 presents the descriptive statistics for the two groups involved in the study. The
results showed that the experimental group had a mean score of 187.00, illustrating their level of
motivation and engagement, with a 95% confidence interval ranging from 185.39 to 188.61.
While the mean score for students' motivation and engagement in the control group was
167.8929. The mean for the control group was markedly lower than that of the experimental
group, with a 95% confidence interval for the mean spanning from 165.5536 to 170.2322.

Table 2: Descriptive Statistics

Standard Lower Upper
Group Mean . . Median Range Bound 95% Bound 95%

Deviation CI CI
Experiment 187.00 3.82213 187.00 16.00 185.3861 188.6139

Control 167.8929 6.03287 168.00 24.00 165.5536 170.2322
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Table 3 shows the normality test results for both groups using the Kolmogorov-Smirnov
and Shapiro-Wilk tests. P-values below 0.05 (*), after Lilliefors correction, indicate normal
distribution, confirming the data's suitability for parametric analysis.

Table 3: Tests of Normality

Group Kolmogorov-Smirnov* Shapiro-Wilk
Statistic  df Sig. Statistic df Sig.
Percentage Experiment 125 24 .2()0: 977 24 .825
Control 127 28 .200 .966 28 469

* This is a lower bound of the true significance.
a. Lilliefors Significance Correction

Table 4 shows that the experimental group (n = 24) scored a mean of 187.00 (SD = 3.82),
while the control group (n = 28) scored 167.89 (SD = 6.03). The independent samples t-test
revealed a significant difference (t = 13.375, p <0.001), and Levene's Test confirmed the
unequal variances assumption.

Table 4: Group Statistics

Group N Mean Std. Deviation Std. Error Mean
Percent Experiment 24 187.0000  3.82213 78019
creentage Control 28 167.8929  6.03287 1.14010

Table 5 presents the independent sample t-test results, showing differences in motivation
and engagement between the experimental and control groups. Levene’s Test indicated
significant variance (F = 4.340, p <.001). The t-test confirmed a significant mean difference (t =
13.375, df =50, p <.001) of 19.10714, with a Std. Error of 1.42857 and a 95% confidence
interval of 16.23778 to 21.97651. The results of the independent t-test showed that the mean
difference was 19.10714 between the two groups, indicating that students who used the virtual
laboratory-assisted microlearning platform had better motivation and engagement in ODL than
those who did not.

Table 5: Independent Samples Test

Levene's Test

for Equality of t-test for Equality of Means
Variances
Std. 95% Confidence
F Sig. ¢ df Sig. (2-Mean Error Interval of the
’ tailed) Diff. . Difference
Diff.
Lower  Upper
Equal
variances  4.340 .042 13.37550 .000 19.10714 1.42857 16.23778 21.97651
Percentage assumed
Equal
variances not 13.831 46.292 .000  19.10714 1.38150 16.32681 21.88748

assumed
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ii) Impact of Integrating Virtual Laboratories into ODL Programmes on Enhancing Student
Academic Success

The increase in student academic success in each group was tested using the N-Gain analysis
method. The academic success tested was the students’ cognitive ability in learning the material
and the practical skills they demonstrated in the AC circuit analysis material. The first N-Gain
analysis related to cognitive ability showed that the experimental group had a mean N-Gain score
0f 0.7243 (high category) compared to 0.4697 (medium category) for the control group. These
results suggest that the virtual laboratory assisted microlearning platform was more effective in
improving students’ cognitive ability compared to conventional microlearning platforms. The
results of the N-Gain analysis of cognitive abilities in both groups are shown in Figure 2.

Mean N-Gain Score

Experiment 0.7243
| | | | Control

Control 0.4697 Experiment

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Figure 2: The results of the N-Gain analysis of cognitive abilities in both groups

The second N-Gain analysis related to practical skills in the AC circuit analysis material.
N-Gain analysis results showed that the experimental group had a mean N-Gain score of 0.7130
(high category), while the control group had a value of 0.3601 (medium category). This result
shows that the virtual laboratory-assisted micro-learning platform was more effective in
improving students' practical skills compared to the conventional micro-learning platform. The
results of the N-Gain analysis of students' practical skills ability in both groups are shown in
Figure 3.

Mean N-Gain Score

Experiment 0.7243
| | | Control

Control 3601 Experiment

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Figure 3: The results of the N-Gain analysis of students' practical skills ability in both groups

ili) The Role of Motivation and Engagement in Student Academic Success

To ensure an optimal level of precision in an experiment, especially in controlling the influence
of other variables that cannot be directly controlled, the ANCOVA analysis technique was used.
In this context, the covariate variables analysed included student motivation and engagement,
while the dependent variables were academic achievement in the form of cognitive ability and
practical skills. The ANCOVA technique allowed adjustment for the effects of these covariate
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variables, so that the analysis can more accurately measure the effect of the treatment on
students' academic success. The results of the ANCOVA test are shown in Table 6.

Table 6: The Results of the ANCOVA Test

Dependent Type III Sum Mean .
Vall?iable Source ofy gquares df Square Sig.
Cognitive Corrected Model 2090.762a 2 1045.381 7.445 0.002
Ability Intercept 564.441 1 564.441 4.020 0.051
Motivation and 61.905 1 61.905 4.441 0.010
Engagement
Group 784.441 1 784.441 5.587 0.022
Error 6879.911 49 140.406
Total 318975.000 52
Corrected Total 8970.673 51
Practical Corrected Model 1545.368a 2 772.684 27.537  0.000
Skills Intercept 315.294 1 315.294 11.236  0.002
Motivation and 71918 1 71918 6.068
0.015
Engagement
Group 383.615 1 383.615 13.671 0.001
Error 1374.940 49 28.060
Total 332528.000 52
Corrected Total 2920.308 51

Cognitive Ability: a. R Squared = .233 (Adjusted R Squared = .202)
Practical Skills: a. R Squared = .529 (Adjusted R Squared = .510)

For Cognitive Ability, the results of ANCOVA analysis showed that the overall statistical
model was significant (F = 7.445, p = 0.002), illustrating that the covariate variables (motivation
and engagement) and treatment (group) together contributed to explaining the variance in
cognitive ability. Motivation and engagement variables had a significant effect on cognitive
ability (F =4.441, p = 0.010). This suggests that students' level of motivation and engagement
influence cognitive learning outcomes. Treatment has a significant effect on cognitive ability (F
=5.587, p = 0.022), which means there are differences in cognitive learning outcomes between
groups given different treatments. The intercept results showed a p value close to significance (p
= 0.051), indicating that the mean cognitive ability scores after controlling for covariates
approached significant differences.

With regard to practical skills, the ANCOVA analysis results showed this statistical
model was highly significant (F = 27.537, p = 0.000), indicating that motivation, engagement,
and treatment together explained high variance in practical skills. The covariate variables had a
significant effect on practical skills (F = 6.068, p = 0.015). This indicates that students'
motivation and engagement positively influenced the mastery of practical skills. The treatment
had a highly significant effect on practical skills (F = 13.671, p = 0.001), indicating that there
was a significant difference in practical skills acquisition between the groups that received
different treatments. Intercept results were significant (F = 11.236, p = 0.002), indicating a
difference in the overall mean practical skills scores after considering covariates.

Based on the test results, student motivation and engagement consistently had a
significant effect on success in both cognitive and practical skills. The treatment showed
significant effects on both dependent variables, with a stronger effect on practical skills. This
ANCOVA model shows that by controlling for the influence of motivation and engagement, the
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cause-and-effect relationship between treatment and academic success can be more clearly
identified. These results provide empirical evidence that the treatment had an impact on
academic success, as well as demonstrating the important role of student motivation and
engagement in the learning process. In this case, the experimental group treated with
microlearning assisted virtual laboratory demonstrated better results than the control group.

Discussion and Implications
The dynamics of higher education are increasingly dominated by digital transformation,
necessitating the adoption of microlearning based educational technologies and virtual
laboratories (Diogo et al., 2023; Zaléniené & Pereira, 2021; Alnagrat Alnagrat et al., 2023). In
line with this transformation, the findings of the study showed that students who used a virtual
laboratory-assisted microlearning platform had better motivation and engagement in ODL
compared to those who did not use it. This is in line with previous research that has demonstrated
the positive impact of these two approaches on enhancing learning quality, especially in ODL
environments. Microlearning and virtual laboratories significantly contribute to increasing
motivation, engagement, and conceptual understanding, all of which directly influence the
improvement of students' academic performance (Skalka et al., 2021; John & Tan, 2022).

In ODL, students often face isolation and low engagement. Microlearning helps
overcome time and attention constraints by offering flexible and concise content for better
understanding (Susilana et al., 2022; Gherman et al., 2022). Furthermore, virtual labs enhance
this by providing interactive simulations that replicate real-world experiments, overcoming
traditional barriers in ODL (EI Kharki et al., 2021; Hernandez-de-Menéndez et al., 2019). In line
with this transformation, the results showed that the virtual laboratory-assisted micro-learning
platform proved more effective than the conventional platform in improving students' cognitive
abilities (mean N-Gain score = 0.7243) and practical skills (mean N-Gain score = 0.7130), both
of which are in the high category. These results are reinforced by previous research, where
virtual laboratories have been shown to improve students' understanding of complex scientific
concepts because students could see the direct impact of the experiments they conducted in the
simulation (Reeves & Crippen, 2021).

The integration of microlearning and virtual labs in ODL also contributes to higher
motivation and engagement by promoting active participation and reinforcing conceptual
understanding through experiential learning (Gunawan et al., 2019). Based on the results of the
ANCOVA test, student motivation and engagement consistently had a significant effect on
students' academic success in both cognitive abilities and practical skills. These results provide
empirical evidence that the treatment had an impact on academic success, as well as showing the
important role of student motivation and engagement in the learning process. In this case, the
experimental group treated with a virtual laboratory assisted by microlearning produced better
results than the control group. Research also shows that the combination of microlearning and
virtual laboratories has a stronger impact on student learning. A study by Truchly et al. (2022)
found that integrating microlearning with virtual labs enhances student engagement. The
interactive experience generated by virtual laboratories, coupled with the modular delivery of
material through microlearning, encourages students to be more actively involved in the learning
process (Herndndez-de-Menéndez et al., 2019; Chiu et al., 2021; Lee, 2023).

In the context of ODL, this combination is very effective because it provides learning
flexibility that is tailored to the needs of distance learners, while still providing learning quality
that is equivalent to conventional education (Saidi et al., 2021). Students can learn theory
through microlearning and then apply it directly in virtual experiments. Research by Civril &
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Ozkul (2021), Skalka et al. (2021), and De Vries and May (2019) found that the integration of
practise-based learning with theory through virtual simulations helped students connect abstract
concepts with real-world applications, which ultimately improves their conceptual understanding
and learning outcomes.

The results of this study suggest that microlearning and virtual labs are particularly
beneficial in the context of ODL, where students often face challenges related to motivation and
engagement, and the lack of conventional in-person engagement has resulted in a diminished
conceptual comprehension. These technologies address some of the key limitations of ODL by
offering more interactivity, flexibility, and an increase in students’ personal motivation learning
experiences (Kohnke et al., 2024; Bothe et al., 2019). Combining these approaches fosters
flexible, interactive learning, and enhances deep understanding and academic success.
Universities adopting them improve education quality and better prepare students for the digital
job market (Rodriguez-Abitia et al., 2020; Gherman et al., 2022).

The findings from this study demonstrate that integrating microlearning and virtual
laboratories in ODL has a positive impact on students’ motivation, engagement, and conceptual
understanding, ultimately leading to improved academic outcomes. The combination of
microlearning’s flexible content delivery and virtual labs’ hands-on experiences effectively
enhances student motivation and engagement in ODL. This approach bridges theory and
practice, providing personalised, interactive learning that promotes academic success. Adopting
these technologies addresses key ODL challenges, offering students more engaging and
impactful learning experiences.

Limitations

This study has several limitations that are important to note. First, technology accessibility is still
a barrier, especially for students in remote areas who may not have adequate devices or internet
connections, thereby creating a digital divide. Second, virtual learning experiences are still
unable to fully replace physical interactions in real laboratories, especially in disciplines that
require manual and sensory skills. Third, current research focuses more on STEM fields, so the
effectiveness of microlearning and virtual laboratories in other fields, such as the humanities or
social sciences, is still underexplored. Finally, measurement of success often focuses on only
academic outcomes, while the impact on the cultivation of non-technical competencies,
including collaboration and critical thinking, have not been adequately acknowledged. Further
research is needed to address these limitations and ensure wider and more balanced adoption of
technology.

Recommendations
To optimise this technology, further research is essential. First, longitudinal studies are needed to
assess the long-term impact of microlearning and virtual labs on academic outcomes and
professional readiness. Cross-disciplinary research is also necessary to explore their use in non-
STEM fields such as the social sciences and the arts. Qualitative studies on students' experiences
could refine learning tools by addressing specific challenges. Additionally, integrating Al into
virtual labs could create adaptive simulations with real-time feedback. Comparative studies
between technology-based and traditional methods should provide evidence of their impact on
learning quality. These studies could strengthen higher education’s flexibility, inclusivity, and
relevance.
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