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ABSTRACT

This study analyzes the relationship between the
use of microlearning and students’ performance
in an undergraduate robotics course delivered
via distance learning. A total of 35 engineer-
ing students, enrolled in two pre-existing class
groups, received the same theoretical and prac-
tical content on forward kinematics and the De-
navit—Hartenberg method. Group A had access
to complete recorded online sessions, whereas
Group B worked with a microlearning-based
instructional strategy that combined short vid-
eos focused on specific concepts and procedures
with embedded reflection questions, focused
synchronous discussions, and guided practice.
Both groups also participated in synchronous
sessions and practical activities supported by 3D
simulations. At the end of the intervention, stu-
dents completed the same remote assessment.
The results showed that the group exposed to the
microlearning-based strategy achieved higher
performance in the overall exam, as well as in the
theory and exercises sections, with large effect
sizes. These findings suggest that organizing vid-
eo-based content into short, focused instructional
units is associated with better learning outcomes
in distance robotics education, although the qua-
si-experimental design does not allow firm causal
conclusions.
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RESUMEN

Este estudio analiza la relacién entre el uso del
microlearning y el desempefio académico de es-
tudiantes de ingenieria en un curso de robética
impartido en modalidad a distancia. Un total de
35 estudiantes, inscritos en dos grupos de clase
preexistentes, recibi6 el mismo contenido teérico
y practico sobre cinemdtica directa y el método
de Denavit—Hartenberg. El grupo A tuvo acceso
a las grabaciones completas de las sesiones en
linea, mientras que el grupo B trabajé con una
estrategia instruccional basada en microlearning
que combiné microvideos centrados en conceptos
y procedimientos especificos con preguntas de
reflexion integradas, discusiones sincronas foca-
lizadas y practica guiada. Ambos grupos también
participaron en sesiones sincronas y en activida-
des practicas basadas en simulaciones 3D. Al final
de la intervencién, los estudiantes respondieron la
misma evaluacion de forma remota. Los resulta-
dos mostraron que el grupo expuesto a la estra-
tegia basada en microlearning obtuvo un mejor
desempenio en el examen global, asi como en las
secciones de teoria y de ejercicios, con tamarnos
del efecto grandes. Estos hallazgos sugieren que
organizar el contenido audiovisual en unidades
instruccionales breves y focalizadas se asocia
con mejores resultados de aprendizaje en la en-
seftanza de robédtica a distancia, aunque el diseiio
cuasiexperimental no permite establecer conclu-
siones causales definitivas.
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INTRODUCTION

In recent years, higher education has experi-
enced a sustained transformation driven by
the expansion of digital technologies and the
consolidation of online, blended, and distance
learning modalities. This transformation has not
only altered the technological means of delivering
instruction but also raised important pedagogical
questions about how educational content should
be designed, organized, and delivered in virtual en-
vironments. Instructors are increasingly required
to move beyond simply transferring face-to-face
lectures to online platforms and instead develop
learning experiences that are pedagogically effec-
tive, flexible, and responsive to the characteristics
of contemporary learners. In this context, digital
educational resources have become central ele-
ments in course design, particularly in subjects
where conceptual understanding and procedural
practice must be carefully articulated.

Among the many resources used in online ed-
ucation, instructional videos have become one of
the most common tools for supporting teaching
and learning. Videos allow instructors to explain
theoretical concepts, demonstrate procedures,
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present worked examples, and offer asynchro-
nous access to content that students can review
at their own pace. In distance and online learning
settings, videos can therefore function as substi-
tutes for, or complements to, traditional lectures
and written materials (Bower, 2017; Rackaway,
2010). Their value is especially evident in courses
that involve step-by-step problem-solving or ab-
stract processes that benefit from visual explana-
tions. Furthermore, videos can increase flexibility
for students, as they can be accessed anytime,
anywhere, which is particularly relevant in higher
education contexts where learners often need to
combine formal study with other academic, per-
sonal, or professional responsibilities.

However, the educational effectiveness of
videos depends not only on their availability but
also on their instructional design. One of the most
frequently discussed issues in literature is video
length. Although recording and uploading com-
plete online classes may appear to be a practical
solution for providing access to content, long vid-
eos are often associated with reduced attention,
lower motivation, and limited rewatching. Stu-
dents may find it difficult to locate the specific
concept they need to review when the material is
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embedded in a long recording of an entire class
session. Harrison (2020) reports that students of-
ten prefer shorter instructional videos, commonly
between five and ten minutes, because these are
easier to follow, more engaging, and more conve-
nient for targeted reviews. This suggests that, in
online education, the challenge is not merely to
produce video content, but to structure it in ways
that facilitate focused learning and efficient ac-
cess to specific knowledge.

In this context, microlearning has emerged as
a promising instructional approach for design-
ing digital educational content. Microlearning is
generally understood as a strategy that divides
learning material into short, focused, and inter-
connected units that address a specific concept,
skill, or procedure within a brief period (Giurgiu,
2017; Jomabh et al., 2016). Rather than present-
ing broad topics in lengthy lessons, microlearning
emphasizes concise instructional units that can
be consumed quickly and revisited easily. This
approach is especially relevant in virtual learning
environments, where students often need just-in-
time access to knowledge and benefit from con-
tent that can be reviewed flexibly according to
their immediate academic needs (Gabrielli et al.,
2006; Leong et al., 2021).

Microlearning is generally
understood as a strategy
that divides learning material
into short, focused, and
interconnected units that
address a specific concept,
skill, or procedure within a
brief period
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The potential advantages of microlearning can
be explained by well-established learning mecha-
nisms. According to Cognitive Load Theory,
learning is constrained by the limited capacity of
working memory, and instructional designs that
reduce unnecessary processing demands free cog-
nitive resources for schema construction (Sweller
et al., 2019). Consistently, the segmenting princi-
ple of the Cognitive Theory of Multimedia Learn-
ing states that people learn more deeply from
multimedia messages when these are presented
in learner-paced segments rather than as a con-
tinuous unit (Mayer, 2021). Empirical evidence
supports these mechanisms in video-based learn-
ing: segmenting educational videos into mean-
ingful parts has been shown to reduce cognitive
load and to improve engagement and academic
achievement among distance learners compared
with complete, single-piece videos (Altinpulluk et
al., 2020), and segmentation has proven particu-
larly beneficial for procedural learning, helping
novice learners build accurate representations of
sequential procedures in memory (Biard et al,
2018). In addition, short, self-contained units fa-
cilitate targeted, just-in-time review and support
self-regulated learning, as students can identify
and revisit exactly the content they need without
searching through lengthy recordings (Taylor &
Hung, 2022).

This theoretical rationale is consistent with
recent syntheses of microlearning literature. The
scoping review by Taylor and Hung (2022) report-
ed generally positive effects of microlearning on
learning and learner perceptions across academic
and professional contexts. Alias and Razak (2023)
systematically reviewed pedagogical practices of
microlearning in higher education and identified
content segmentation, clear learning objectives,
and the integration of short assessments as recur-
ring features of effective implementations. More
directly related to the present study, the system-
atic review and meta-analysis by Senandheera et
al. (2024), which synthesized twelve studies con-
ducted in higher education, found that students



who learned through microlearning achieved
significantly higher academic performance than
students who learned through traditional long-
format instruction, and identified the reduction
of cognitive load, learning flexibility, and timely
feedback as the main explanatory mechanisms.
Finally, Monib et al. (2025) reviewed forty stud-
ies following PRISMA guidelines and proposed an
instructional design framework for microlearning
grounded in Cognitive Load Theory and Bloom’s
taxonomy, emphasizing bite-sized content, spe-
cific objectives, and interactive elements. Togeth-
er, these reviews indicate that microlearning is a
promising strategy in higher education, while also
noting that further context-specific empirical evi-
dence is still needed.

Students in digital environments frequently
interact with content under fragmented time
conditions and often need to revisit specific pro-
cedures or concepts rather than review an entire
lesson from beginning to end. By organizing edu-
cational content into small, self-contained units,
microlearning can support concentration, reduce
cognitive overload, and enable more efficient in-
formation retrieval. Yildirim (2022) points out
that microlearning may contribute to student mo-
tivation and better engagement, while other stud-
ies have reported benefits related to knowledge
retention, confidence, and learning performance
(De Gagne et al., 2019; Mohammed et al., 2018;
Yin et al., 2021). In addition, microlearning has
shown potential across various educational fields,
including technical education, health professions,
and language learning, where content segmenta-
tion can support progressive mastery of complex
material (Buhu & Buhu, 2019; Edge et al., 2011).

Despite these promising findings, there re-
mains a need for additional empirical evidence
on how microlearning should be integrated into
higher education courses, particularly in engi-
neering subjects delivered via virtual or distance
learning modalities. Much of the existing litera-
ture highlights the general advantages of short
learning units, but fewer studies have examined

Students in digital
environments frequently
interact with content under
fragmented time conditions
and often need to revisit
specific procedures or concepts
rather than review an entire
lesson from beginning to end

their impact in comparison with the more tradi-
tional practice of recording and sharing complete
online sessions. This distinction is pedagogically
relevant because it shifts the focus from the avail-
ability of technology to instructional organization.
In other words, the question is not only whether
videos are useful, but whether the way their con-
tent is segmented and managed is associated with
students’ academic performance.

This issue becomes especially significant
in robotics education. Robotics is a core area
in engineering programs such as mechatron-
ics, electronics, and computer science, where
students are expected to integrate mathemati-
cal reasoning, visualization skills, and analyti-
cal problem-solving to understand the behavior
of robotic manipulators (Craig, 2009; Denavit
& Hartenberg, 1965). Foundational topics such
as the description of position and orientation of
rigid bodies, homogeneous transformations, and
forward kinematics often represent substantial
challenges for students because they require both
conceptual understanding and precise procedural
application. These challenges may become even
more pronounced in online or distance learning
contexts, where students have fewer opportuni-
ties for spontaneous interaction and may rely
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The aim of this study is to
examine whether organizing
instructional content into

short, focused video units is
associated with better academic
performance compared with
using full recorded sessions in a
virtual robotics course

more heavily on asynchronous learning materials
for reinforcement and review.

Previous work by the authors has shown that
digital resources, such as 3D simulations, can ef-
fectively support the teaching of robotics. These
studies reported that simulations help students
visualize manipulator configurations, understand
kinematic relationships, and connect theoreti-
cal content with practical applications (Loreto-
Goémez et al., 2018; Gonzalez-Garcia et al., 2019;
Gonzélez-Garcia et al., 2020). Such findings sug-
gest that the use of digital tools can strengthen
robotics learning; however, they also point to
the broader need to examine how different forms
of content delivery relate to student learning in
virtual settings. While simulations address vi-
sualization and interactive understanding, the
pedagogical organization of video-based content
remains a separate and equally relevant issue.

From this perspective, microlearning may offer
specific advantages for robotics courses. Because
many procedures in robotics, such as the Denavit-
Hartenberg method, are sequential and conceptu-
ally dense, students may benefit from short videos
focused on a single concept or step. This type of
organization may allow them to identify gaps in
understanding more quickly, revisit exact topics
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before solving exercises, and devote more time to
practice rather than searching through long record-
ings. In contrast, complete session recordings may
contain useful information, but their length and
mixed content can make targeted review less effi-
cient. Therefore, comparing these two approaches
can provide meaningful evidence for the design of
learning resources in engineering education.

Accordingly, the present study analyzes the
relationship between the use of microlearning
and students’ performance in an undergraduate
robotics course delivered via distance learning.
Two groups of engineering students received the
same theoretical and practical content on forward
kinematics, including topics such as position and
orientation of rigid bodies, homogeneous transfor-
mations, and the Denavit-Hartenberg convention.
The main difference between the groups was the
way video-based educational content was orga-
nized and delivered. One group had access to com-
plete, recorded online sessions, whereas the other
group worked with a microlearning-based instruc-
tional strategy built around short, focused videos.
The aim of this study is to examine whether or-
ganizing instructional content into short, focused
video units is associated with better academic per-
formance compared with using full recorded ses-
sions in a virtual robotics course. In this way, the
study seeks to contribute empirical evidence to the
discussion of the pedagogical value of microlearn-
ing for designing effective learning experiences in
online engineering education.

METHODOLOGY
Participants

The study was conducted with 35 undergraduate
engineering students enrolled in an introductory
Robotics course delivered via distance learning at
the same institution. The participants belonged to
two pre-existing class groups (intact groups) that
had been constituted by the institution before the



intervention and remained unchanged through-
out the semester; therefore, students were not
individually randomized to the experimental con-
ditions. Instead, each class group was assigned to
one of two conditions: Group A consisted of 18
students, while Group B consisted of 17 students.
Both groups were taught by the same instructor
and covered the same academic content during
the intervention. The purpose of establishing two
groups was to compare two approaches to man-
aging and presenting video-based instructional
content while keeping the remaining teaching
conditions as equivalent as possible.

Because both groups belonged to the same in-
stitution, the same engineering program, and the
same semester, their members had completed the
same prerequisite coursework and followed the
same curriculum, which provides indirect sup-
port for their comparability. However, no pretest
or other direct measure of prior performance
was administered before the intervention; con-
sequently, the initial equivalence of the groups
cannot be empirically verified. This aspect is ac-
knowledged as a limitation of the study and is
taken into account when interpreting the results.

All participants were taking the same course
and studying the same unit of the syllabus related to
the forward kinematics of robot manipulators. The
topics addressed during the intervention included
the description of the position and orientation
of rigid bodies, rotation matrices, homogeneous
transformations, and the Denavit-Hartenberg
(DH) convention for calculating the forward kine-
matics of robotic manipulators. These topics are
fundamental in robotics education because they
provide a mathematical basis for describing and
analyzing the motion of robot manipulators (Craig,
2009; Denavit & Hartenberg, 1965).

To ensure comparability between the two
groups, the same instructor conducted all syn-
chronous sessions and used the same instruction-
al materials, including PowerPoint presentations,
examples, exercises, and evaluation criteria. In
both groups, the duration of the online sessions

and the time devoted to theoretical explanation
and practical problem-solving were the same.
Thus, the main difference between the groups
was not the content itself but how the video-based
learning resources were organized and delivered
to students.

Implementation

A quasi-experimental procedure was designed to
examine the relationship between microlearn-
ing use and students’ academic performance in a
distance robotics course. Figure 1 shows the pro-
cedure and experimental groups. The intervention
combined synchronous online sessions, asyn-
chronous video resources, and practical activities
supported by 3D simulations. In both groups, the
course unit focused on forward kinematics and the
application of the Denavit-Hartenberg method.
The instructional design was organized so that
both groups received the same theoretical and
practical content, differing only in the format used
to provide the video-based educational material.
The online working sessions lasted 2 hours
in both groups. During these sessions, the same

Because both groups belonged
to the same institution, the same
engineering program, and the
same semester, their members
had completed the same
prerequisite coursework and
followed the same curriculum,
which provides indirect support
for their comparability
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Figure 1. Procedure and experimental groups.

number of topics and exercises were addressed.
In the theoretical part of the class, the instruc-
tor explained the mathematical foundations and
conceptual procedures related to rigid-body posi-
tion and orientation, homogeneous transforma-
tions, and forward kinematics. The explanation
was supported by PowerPoint presentations, a
virtual whiteboard, and worked examples. In the
practical part of the class, students solved exercis-
es proposed by the instructor, and the solutions
were later reviewed and discussed with the whole
group. This design was intended to ensure that
the only relevant difference between the groups
was the strategy used to present and manage the
audiovisual content.

In Group A, the instructional strategy followed
a more traditional approach for distance learn-
ing. The instructor delivered the online class syn-
chronously, explained the topics in real time, and
recorded the complete session. Each full session,
approximately two hours long, was uploaded to
the cloud so that students could watch it later as
many times as necessary. In this way, students in
Group A had access to complete class recordings as
reinforcement material, while the videos preserved
the original structure of the live session, including
explanations, problem-solving, and feedback.
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In Group B, the instructor implemented a
microlearning approach. Instead of relying on
complete session recordings, a set of short in-
structional videos was prepared and uploaded
to the cloud. These microlearning videos lasted
three to five minutes and were designed so that
each addressed only one concept, procedure, or
specific example related to forward kinematics.
In total, 15 microlearning videos were produced
to cover the intervention’s instructional content.
The topics included, among others, the introduc-
tion to the description of position and orientation
of rigid bodies, rotation matrices, homogeneous
transformation matrices, the definition of refer-
ence frames in robot manipulators, the param-
eters of the Denavit-Hartenberg method, the
application of the DH method to compute forward
kinematics, and the solution of example problems
involving manipulators with different numbers of
degrees of freedom.

Each microlearning video followed a consis-
tent instructional structure. First, a brief intro-
duction to the concept or problem was presented.
Second, the theoretical concept or mathematical
procedure was explained. Third, a short appli-
cation example was developed. Finally, a brief
question or exercise was included to encourage



reflection on the content presented. The criteria
used to divide the content into micro-videos were
the following: each video had to address a single
concept or specific procedure, the explanation
had to be delivered in no more than five minutes,
a simple example had to be included, and the vid-
eos had to be organized sequentially so that each
one progressively contributed to the understand-
ing of the complete method.

The implementation procedure in Group B
integrated both asynchronous and synchronous
activities. Students first watched the micro-video
corresponding to the topic to be studied, either
during the online session or immediately before
the synchronous discussion. After that, a short
synchronous discussion of approximately 10
to 15 minutes was held, during which students
could ask questions, make comments, and clarify
doubts. The instructor also asked some students
questions to verify their level of understanding.
Subsequently, students solved exercises related to
the topic presented in the video, and the instruc-
tor reviewed the solutions, explained the expect-
ed procedure, and provided feedback on the most
common mistakes. This process was repeated it-
eratively until all scheduled topics for the session
were covered.

It is important to emphasize that the condi-
tion implemented in Group B is best understood
as a microlearning-based instructional strategy,
and not merely as the use of shorter videos. In
addition to content segmentation, the strategy
included reflection questions embedded in each
micro-video, short, focused synchronous dis-
cussions, and guided practice after each topic.
Consequently, the results reported in this study
refer to the strategy as a whole, and the observed
differences between groups cannot be attributed
exclusively to video length. This aspect is made
explicit here and is further considered in the Dis-
cussion section.

In both groups, the practical sessions were
supported by a 3D simulation platform developed
by the authors in SimMechanics within Simulink.

This platform allows students to model and ana-
lyze robotic manipulators with different configu-
rations and degrees of freedom, define kinematic
parameters, visualize robot motion, and verify
forward-kinematics results. Previous studies by
the authors have shown that such simulations can
help students understand kinematic relationships
and support robotics learning in engineering ed-
ucation (Loreto-Gémez et al., 2018; Gonzalez-
Garcia et al., 2019; Gonzalez-Garcia et al., 2020).
In the present study, the simulations were used
equally in both groups to reinforce the practical
component of the course.

Assessment and grading

After two weeks of theoretical and practical ses-
sions, students in both groups completed the
same remote exam in order to evaluate their aca-
demic performance. The exam consisted of two
problems involving the calculation of the forward
kinematics matrix for two robot manipulators
with different levels of complexity: a 2-DoF ma-
nipulator and a 5-DoF manipulator (see Figure
2). For each exercise, students were required to
identify the number of links and joints, define the
origin and coordinate axes, calculate the parame-
ters d, 6, and a, and determine the corresponding
rotation and translation transformations.

The exam was graded using a checklist-type
scoring rubric that was identical for both groups.
The rubric focused mainly on the methodologi-
cal procedure followed to solve each problem
(the correct identification of links and joints, the
definition of reference frames, the computation of
the Denavit-Hartenberg parameters, and the con-
struction of the transformation matrices) rather
than exclusively on the final numerical result,
which carried a lower weight. This decision was
made because the unit’s instructional objective
was for students to understand the theoretical
concepts and apply them in the problem-solving
procedure, which is difficult to assess in class
alone. Each rubric item was graded on a scale
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Figure 2. Participants of both experimental groups answered the same exam with two problems with different levels

of complexity, 2DoF and 5DoF.

from o to 10, and the final grade for each student
was calculated as the average of the scores ob-
tained across all required elements, reported on
a 0—100 scale.

The same instructor graded all the exams us-
ing the same rubric and the same criteria for both
groups. Because the instructor also taught both
groups, grading was not blind to group member-
ship; this is acknowledged as a limitation in the
corresponding section. To reduce the possibil-
ity of external assistance during the remote as-
sessment, students were required to keep their
webcams on during the exam and submit photo-
graphs of their procedures and calculations for
each problem.

Data analysis

Academic performance was analyzed using de-
scriptive statistics (means and standard de-
viations) for the overall exam score and for the
theory and exercises sections separately. Group
differences were examined using Welch’s inde-
pendent-samples t-test, which does not assume
equal variances between groups, with a two-tailed
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significance level of a = .05. For each compari-
son, the test statistic, degrees of freedom, the
exact p-value, the 95% confidence interval of the
mean difference, and Cohen’s d as a measure of
effect size are reported. Cohen’s d was interpreted
following the conventional benchmarks of 0.2
(small), 0.5 (medium), and 0.8 (large).

Qualitative observations

To complement the quantitative results, two
sources of qualitative information were collected
during the intervention. First, at the end of the
course unit, students completed a brief online
questionnaire (administered through Google
Forms) about their experience with the video re-
sources, including whether they perceived that
the videos had helped them better understand the
topics and how they had used them for review.
Second, the instructor recorded field observations
during the synchronous and practical sessions re-
garding students’ participation, independence in
problem-solving, and recurring difficulties. These
qualitative data were gathered for exploratory
purposes and did not follow a systematic qualita-
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Figure 3. Boxplot of the exam evaluation.

tive research protocol; they are therefore reported
as complementary observations that help contex-
tualize the quantitative findings, rather than as
formal qualitative evidence.

RESULTS
Quantitative results

The results of the study indicate that the group
that received the instructional content through the
microlearning-based strategy achieved better aca-
demic performance than the group that had access
to complete recorded online sessions. After the
two-week intervention, all students completed the
same remote assessment on forward kinematics
using the Denavit—Hartenberg method. The com-
parison of the final scores revealed a clear differ-
ence between the two experimental groups.
Students in Group A, who worked with full re-
corded sessions, obtained a mean score of 77 with
a standard deviation of 7.17, whereas students
in Group B, who used the microlearning-based
strategy, obtained a mean score of 85 with a stan-
dard deviation of 3.76. The difference between the
groups was statistically significant, with a large
effect size (Welch’s t1(26.0) = 4.17, p < .001; 95%
CI of the mean difference [4.05, 11.95]; Cohen’s d

= 1.39). These results indicate that, in the sample
studied, organizing instructional content into
short, focused videos as part of a microlearning-
based strategy was associated with better overall
performance on the evaluated robotics topics.

Figure 3 presents the boxplot of the final exam
scores for both groups. As shown in the figure, the
distribution of scores in Group B is not only high-
er in terms of central tendency but also more con-
centrated than in Group A. This pattern indicates
that students exposed to the microlearning-based
strategy tended to achieve better, more consis-
tent results than those who had only access to the
complete recordings of the online sessions.

In addition to the overall performance analy-
sis, the results were also examined separately for
the theory and exercises sections of the exam. This
comparison was conducted to explore whether
the use of microlearning was associated only with
theoretical understanding or also with students’
ability to solve forward kinematics problems. The
results showed that Group B outperformed Group
A in both components of the assessment, and the
differences were statistically significant in both
cases, with large effect sizes.

In the theory section, Group A obtained a mean
score of 75 with a standard deviation of 7.68, while
Group B obtained a mean of 84 with a standard
deviation of 5.40 (Welch’s t(30.6) = 4.03, p < .001;
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95% CI [4.44, 13.56]; Cohen’s d = 1.35). In the ex-
ercises section, Group A obtained a mean score
of 77 with a standard deviation of 6.62, whereas
Group B reached a mean of 87 with a standard de-
viation of 4.50 (Welch’s t(30.1) = 5.25, p < .001;
95% CI [6.11, 13.89]; Cohen’s d = 1.76).

Figure 4 shows the boxplots corresponding to
the theory and exercises sections for both groups.
In both sections, the scores of Group B are con-
sistently higher than those of Group A. The dif-
ference is particularly relevant in the exercises
section, where students were required to apply
the Denavit—Hartenberg method step by step to
manipulators of varying complexity. This result
is important because it suggests that the micro-
learning-based strategy was associated not only
with better conceptual understanding, but also
with stronger procedural performance in prob-
lem-solving tasks.

Qualitative observations

The qualitative observations collected during the
intervention, gathered through a brief end-of-
unit questionnaire and the instructor’s field notes
(see Methodology), are consistent with these
quantitative findings. Students in Group B indi-
cated that the short videos encouraged them to
review the material even when they did not have
major doubts, and that the segmented format

made it easier to identify the specific topics they
had not fully understood during the synchronous
sessions. Several students mentioned that this
organization of the content allowed them to rein-
force their knowledge more efficiently and spend
more time on exercises rather than rewatching
long recordings. They also expressed that they
were not interested in investing time in lengthy
videos when they only needed to review a specific
concept or procedure.

The instructor’s observations were consistent
with the students’ perceptions. Students in Group
B appeared to identify the steps of the Dena-
vit—Hartenberg method more quickly and made
fewer mistakes when defining reference frames
and determining the parameters required for for-
ward kinematics calculations. During the practi-
cal sessions, these students also showed greater
independence when solving exercises and partici-
pated more actively in the synchronous discus-
sions. Because the theoretical explanations were
already available in short videos, the synchronous
meetings could be used more effectively to clarify
doubts, review common errors, and guide prob-
lem-solving.

Taken together, the findings show a con-
sistent advantage for the group that used the
microlearning-based strategy in this particular
course and sample. The students in this group
obtained higher scores on the final assessment,

Boxplot of the evaluation of the theory and exercises sections

Grade (from O to 100)

Group A Group B

Theory

e

Group A Group B

Exercises

Figure 4. Boxplot of the evaluation of the theory and exercises sections.
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higher performance in both theoretical and prac-
tical components, and more favorable qualita-
tive observations regarding content review and
problem-solving. These results provide empirical
evidence of an association between organizing
video-based content into short instructional units
and academic performance in a distance-learning
robotics course.

DISCUSSION

The findings suggest that using a microlearning-
based instructional strategy is associated with
significant pedagogical advantages in distance ro-
botics education. Although both groups received
the same theoretical explanations, solved the
same exercises, worked with the same instruc-
tor, and used the same 3D simulation platform,
the group that received the instructional content
through short, focused videos achieved better per-
formance than the group that relied on complete
recorded sessions. This indicates that the differ-
ence was not simply due to content coverage but
to how the content was structured and delivered.
In this case, organizing the material into brief,
specific units appear to have facilitated review of
key concepts and procedures in forward kinemat-
ics and the DH method, which are often challeng-
ing for undergraduate engineering students.
These results are consistent with the theoreti-
cal mechanisms proposed in the literature. From
the perspective of Cognitive Load Theory (Swell-
er et al., 2019) and the segmenting principle of
multimedia learning (Mayer, 2021), presenting
content in short, self-contained units reduces
unnecessary processing demands and allows
students to allocate their cognitive resources to
understanding each concept or procedure before
moving to the next. The present findings also
align with previous experimental evidence show-
ing that segmented educational videos reduce
cognitive load and improve achievement among
distance learners (Altinpulluk et al., 2020), and

with studies indicating that segmentation is es-
pecially beneficial for procedural learning (Biard
et al., 2018), which is central to the step-by-step
application of the Denavit—Hartenberg method.
Furthermore, the direction and magnitude of
the differences observed in this study are consis-
tent with the meta-analytic evidence reported by
Senandheera et al. (2024), who found that mi-
crolearning improves academic performance in
higher education compared with traditional long-
format instruction.

A possible explanation for these results is
that microlearning allowed students to access
the exact content they needed at the moment
they needed it. Because each video addressed a
single concept or procedure, students were able
to identify specific gaps in their understanding
and review only the relevant material instead of
searching through an entire recorded lecture.
This may have reduced cognitive overload and
made the review process more efficient, particu-
larly in a course where mathematical procedures
must be followed step by step. The students’ com-
ments support this interpretation, since several
participants indicated that short videos helped
them reinforce their knowledge, revisit concepts
more easily, and devote more time to solving ex-
ercises. In addition, the better performance ob-
served in the exercises section suggests that the
microlearning-based strategy was associated not
only with theoretical understanding but also with
procedural application and problem-solving.

At the same time, an important aspect must
be explicitly acknowledged: the two conditions
differed in more than video length. The micro-
learning condition combined short videos with
embedded reflection questions, focused synchro-
nous discussions, and guided practice after each
topic, whereas the comparison condition relied
on complete session recordings within a more
traditional class structure. Therefore, the differ-
ences observed in this study should be attributed
to the microlearning-based instructional strategy
as a whole, and not exclusively to the segmenta-

129 ||



tion of the videos. In fact, this interdependence
can be interpreted as one of the main pedagogical
strengths of the approach: because theoretical ex-
planations are available asynchronously in short
videos, synchronous class time can be reorga-
nized toward discussion, feedback, and deliberate
practice; activities that are difficult to implement
when the full theoretical explanation must be de-
livered live. From this perspective, microlearn-
ing does not merely shorten content; it enables a
different, potentially more effective, distribution
of learning activities between asynchronous and
synchronous settings.

The instructor’s observations also reinforce
the educational value of the microlearning-based
strategy. Students in Group B showed greater in-
dependence during the practical sessions, iden-
tified the steps of the DH method more quickly,
and made fewer mistakes when defining refer-
ence frames and calculating parameters. More-
over, because the theoretical explanations were
already available in short videos, the synchro-
nous sessions could be used more effectively for
discussion, clarification of doubts, and feedback
on common errors. These observations, however,

Compared with the traditional
approach of recording and uploading

complete online sessions, using
short instructional videos focused
on specific concepts and procedures
(integrated with reflection questions,
focused synchronous discussions,
and guided practice) was associated
with better results
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were collected through a brief questionnaire and
field notes without a systematic qualitative pro-
tocol, and should therefore be interpreted as ex-
ploratory and complementary to the quantitative
results.

Finally, the scope of these findings must be con-
sidered in light of the study’s design. This was an
exploratory study conducted with a small sample
in a single course, using intact class groups with-
out randomization, a pretest, or blinding. Con-
sequently, although the results show a clear and
statistically robust association between the micro-
learning-based strategy and academic performance
in the sample studied, they do not allow firm causal
conclusions. The findings should be interpreted as
preliminary evidence of warranting further research
using stronger experimental designs.

CONCLUSIONS

The results of this study suggest that using a
microlearning-based instructional strategy is as-
sociated with better academic performance in
a distance-learning robotics course. Compared
with the traditional approach of recording and
uploading complete online sessions, using short
instructional videos focused on specific concepts
and procedures (integrated with reflection ques-
tions, focused synchronous discussions, and guid-
ed practice) was associated with better results on
the final assessment. Students in the group that
used the microlearning-based strategy achieved
higher scores not only on the overall exam but
also on both the theoretical and practical sections
related to forward kinematics and the Denavit—
Hartenberg method, with large effect sizes across
all comparisons. These findings provide evidence
that the way video-based educational content is
structured and delivered is meaningfully related
to students’ learning in virtual environments.
From a pedagogical perspective, the study
shows that microlearning may be particularly
useful in engineering courses, where students



must master complex concepts and follow se-
quential problem-solving procedures. In robot-
ics, dividing content into short, focused learning
units appears to facilitate review of specific top-
ics, reinforce conceptual understanding, and sup-
port the application of mathematical procedures.
In addition, the combination of microlearning
videos with synchronous sessions and 3D simu-
lations seems to create a more effective learning
environment, in which students can use asyn-
chronous resources to study and review content
while taking advantage of synchronous time for
discussion, clarification of doubts, and guided
practice; a reorganization of class time that the
traditional format of complete recorded sessions
does not readily enable.

The qualitative observations reported in the
study also support the value of this instructional
approach. Students indicated that short videos
helped them identify topics they had not fully
understood, review specific concepts more effi-
ciently, and spend more time on exercises rather
than watching long recordings. Similarly, the in-
structor observed that students exposed to the
microlearning-based strategy participated more
actively, showed greater independence during
the practical activities, and made fewer mistakes
when applying the Denavit—Hartenberg method.
These observations, although exploratory, sug-
gest that microlearning may be associated not
only with better academic performance but also
with more efficient use of online class time and a
more focused learning experience.

Despite these promising results, several limi-
tations should be considered when interpreting
the findings. First, the number of participants
was relatively small (35 students), and the in-
tervention was conducted within a single under-
graduate robotics course and focused on a specific
topic of the syllabus, which limits the generaliz-
ability of the results. Second, the study followed
a quasi-experimental design with intact class
groups: students were not randomly assigned to
the conditions, and no pretest was administered,

so the initial equivalence of the groups cannot be
empirically verified, and causal attributions must
be made with caution. Third, the two conditions
differed in more aspects than just video length,
since the microlearning condition also included
embedded questions, focused synchronous dis-
cussions, and guided practice; the observed effect
therefore corresponds to the instructional strat-
egy as a whole. Fourth, grading was carried out by
the same instructor who taught both groups and
was not blind to group membership, although a
common checklist-type rubric was used to make
the assessment criteria explicit and consistent.
Fifth, because the videos were uploaded to a pub-
lic platform, there was no precise record of how
much time each student spent watching them, so
the effective exposure to the instructional materi-
als could not be measured. Finally, the qualitative
observations were collected through a brief ques-
tionnaire and the instructor’s field notes without
a systematic qualitative research protocol, and
should be regarded as complementary, explor-
atory information.

For these reasons, the present study should
be considered an exploratory investigation whose
findings provide preliminary, context-specific
evidence of a favorable association between a
microlearning-based instructional strategy and
academic performance in distance robotics edu-
cation.

FUTURE WORK

Future research should extend the present study by
replicating the intervention with a larger number of
participants and in different educational contexts.
Since this experiment was conducted as an explor-
atory study with students from a single under-
graduate robotics course, it would be valuable to
examine whether the positive association between
microlearning and academic performance remains
consistent across other engineering subjects, insti-
tutions, and student populations. Working with a
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larger number of class groups would also enable
more robust statistical analyses and, ideally, de-
signs that include random assignments and pre-
tests to strengthen internal validity. In particular,
future studies could analyze the implementation
of microlearning in additional robotics topics,
such as inverse kinematics, dynamics, trajectory
planning, or control, to determine whether the
benefits observed in forward kinematics general-
ize to other conceptually demanding areas.

Another important line for future work is to
investigate student interaction with microlearning
resources in greater depth. Because the videos in
this study were hosted on a public platform, it was
not possible to track how often students accessed
the videos, how much time they spent watching
them, or which specific videos were most frequent-
ly reviewed. Future studies could use learning
platforms with analytics tools to monitor student
engagement with the content and explore the re-
lationship between viewing patterns and academic
performance. It would also be valuable to examine
the transfer of learning from video-based activities
to real-world contexts, for example by analyzing
whether students who learn through microlearn-
ing apply the Denavit—Hartenberg method more
effectively when working with physical robots.
In addition, it would be relevant to examine how
microlearning can be integrated with other digital
resources, such as interactive simulations, quizzes,
or intelligent tutoring tools, to design richer online
learning experiences in engineering education.
Finally, future research could incorporate system-
atic qualitative methods, such as semi-structured
interviews or focus groups, to gain a deeper un-
derstanding of how students perceive and use mi-
crolearning resources.
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