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Purpose: This study was done to create and check a Biology learning module
that uses videos to teach people about the human immune system. The goal
was to see if this module is really good if it is useful and if it actually works.
The study looked at the Biology learning module and the immune system to
find this out. Methods: This study employed the ADDIE development model,
consisting of Analysis, Design, Development, Implementation, and
Evaluation. The research was conducted with Grade XI students at SMA
Negeri 4 Bulukumba, Indonesia. The module was validated by two experts
and evaluated for practicality through questionnaires completed by two
biology teachers and 23 students. Its effectiveness was assessed with 41
students (23 in the experimental class and 18 in the control class). Data were
analyzed using Gregory’s validity coefficient, descriptive percentage analysis,
and normalized gain (N-gain). The ADDIE model provided a systematic
framework for developing a valid, practical, and effective biology learning
module integrated with microlearning videos. Findings: The developed
module achieved a Gregory validity coefficient of 1.00, indicating very high
validity. Teacher and student practicality scores reached 91.88% and 80%,
respectively, indicating that the module is practical for classroom use.
Furthermore, the experimental class achieved a higher N-gain score (0.72,
high) than the control class (0.49, moderate), demonstrating that integrating
microlearning videos into the Biology module effectively improved students'
learning outcomes on the human immune system. Research Implications:
The findings suggest that the developed module can serve as an effective
instructional resource for teaching abstract Biology concepts while supporting
independent and technology-enhanced learning in senior high schools.
Originality: Unlike previous studies that primarily examined microlearning
videos as standalone instructional media, this study integrates microlearning
videos into a systematically developed Biology learning module and
comprehensively evaluates its validity, practicality, and effectiveness, thereby
contributing to the development of innovative Biology teaching materials for
senior high school education.
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INTRODUCTION

Education in this century requires a learning process that is more attentive to students' needs. Information technology
must also be utilized to develop critical thinking, creativity, communication, and collaboration skills. Unfortunately,
education in Indonesia still faces many challenges. According to the PISA 2022 report, Indonesian students' scientific
literacy remains below the OECD average, with a science score of 383 compared to the OECD average of 485. These
findings emphasize the importance of developing innovative learning resources that support students' conceptual
understanding and scientific literacy (Kholid, 2026; Lobb, 2023; Papagiannis & Pallaris, 2024). This situation shows
that we need innovation in learning to improve the quality of the process and student learning outcomes.

Learning materials play an important role in providing meaningful learning experiences for students. In biology
education, learning modules support independent and self-paced learning (C. Cruz & C. Rivera, 2022). However,
conventional text-based materials are often insufficient for explaining complex biological concepts. Therefore, biology
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modules should integrate interactive and engaging learning resources to facilitate students’ understanding of abstract
and complex topics. One factor influencing learning success is the availability of appropriate learning materials for
students. As noted by Setianingrum et al., (2023), learning materials not only provide information but also help students
gain a more focused and meaningful learning experience. A module is a form of learning material that supports
independent study. According to Sari et al., (2021), a module is a systematically designed self-study package that
allows students to learn at their own pace and according to their individual abilities. As stated by Ilhami (2021), an
effective module must be comprehensive, easy to use, and have characteristics that enable independent learning. As a
result, students can utilize the module for independent study.

A preliminary needs analysis conducted at SMA Negeri 4 Bulukumba indicated the need for innovative Biology
learning materials integrated with digital technology. The student questionnaire showed that most students preferred
short instructional videos and considered modules containing text, images, and videos easier to understand than text-
based materials alone. Students also reported difficulties in understanding Biology concepts when learning depended
only on teacher explanations without supporting media. Furthermore, interviews with Biology teachers revealed that
despite the availability of digital facilities, technology integration in classroom learning remained limited. Teachers
also observed low student engagement, particularly in learning abstract topics such as the human immune system.
These findings emphasize the importance of developing digital-based Biology learning materials that provide engaging
and structured learning experiences.

One way to address this issue is to use microlearning videos. Microlearning is a learning strategy that presents
material in small, focused segments, making it easier to understand and remember. According to Hlazunova et al.,
(2024), this approach allows learners to absorb information more easily. Microlearning videos are typically produced
as short clips around five minutes in length structured around specific, narrow topics. As noted by Praherdhiono &
Prihatmoko (2023), this format is well-suited for learners in the digital age. Another advantage of microlearning videos
is that learners can learn anytime and anywhere using their digital devices.

The immune system is one of the Biology topics characterized by its abstract nature, as it involves complex
defense mechanisms that occur at the cellular and molecular levels and cannot be directly observed by students (Putri
et al., 2025). This characteristic makes it difficult for students to understand key concepts, including immune response
mechanisms, interactions among immune cells, and the body's defense against pathogens. Consequently, these learning
challenges often lead to lower learning, which may ultimately contribute to poor learning outcomes (Low & Lim,
2023). Therefore, instructional materials that can effectively visualize these abstract concepts through systematic,
engaging, and digitally supported presentations are essential. Integrating microlearning videos into learning modules
is expected to facilitate a more concrete understanding of immune system mechanisms, enhance students' engagement
in the learning process, and improve both their learning academic achievement.

To address these challenges, effective instructional approaches are needed to facilitate students' understanding of
abstract biological concepts. One promising strategy is the integration of microlearning videos into biology instruction
(Howard & Miskowski, 2005). Microlearning delivers educational content in short, focused segments, allowing
students to process information more effectively and learn at their own pace. This approach is supported by Mayer's
Cognitive Theory of Multimedia Learning, which posits that students learn more effectively when verbal and visual
information are presented together. The integration of text, images, animations, and videos promotes meaningful
learning by reducing cognitive overload and enhancing conceptual understanding (Lailli et al., 2026). In addition,
Cognitive Load Theory suggests that presenting information in manageable units helps learners process complex
content more efficiently and prevents excessive cognitive burden (Maulidya et al., 2023). Therefore, incorporating
microlearning videos into biology learning is expected to improve students' understanding of complex topics, such as
the human immune system, while increasing their engagement, and academic achievement.

Previous studies have demonstrated the positive impact of microlearning on students' learning experiences and
outcomes. Microlearning has been shown to improve academic performance, increase learner satisfaction, promote
positive attitudes toward educational technology and strengthen conceptual understanding (Adnas, 2022; Alshammari,
2024; Beltran, 2021; Hlazunova et al., 2024). However, most existing studies have examined microlearning videos as
standalone learning resources or within online learning environments. Limited attention has been given to their
integration into biology learning modules, particularly for teaching complex topics such as the human immune system
at the senior high school level (Ngou et al., 2022). Furthermore, few studies have comprehensively evaluated the
validity, practicality, and effectiveness of such instructional materials. Therefore, this study aimed to develop a biology
learning module integrated with microlearning videos and evaluate its validity, practicality, and effectiveness in
improving students' and learning outcomes. By addressing these research gaps, this study is expected to contribute to
the development of innovative and evidence-based instructional materials for biology education.
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Despite the growing body of literature on microlearning, several research gaps remain. First, previous studies
have primarily focused on using microlearning videos as standalone instructional media or within e-learning
environments rather than integrating them into systematically developed Biology learning modules. Second, only a
limited number of studies have comprehensively evaluated the developed instructional modules in terms of their
validity, practicality, and effectiveness. Third, research investigating integrated microlearning-based Biology modules
for teaching the human immune system at the senior high school level remains scarce. Addressing these gaps, the
present study develops a Biology learning module integrated with microlearning videos and evaluates its validity,
practicality, and effectiveness in improving students' learning outcomes.

Therefore, this study aimed to develop and evaluate a Biology learning module integrating microlearning videos
for teaching the human immune system by assessing its validity, practicality, and effectiveness in improving students'
learning outcomes. This study contributes to biology education by developing a technology-enhanced learning module
and providing empirical evidence of its validity, practicality, and effectiveness. The findings are expected to support
the development of innovative instructional materials for teaching abstract biological concepts, particularly the human
immune system. Furthermore, this study offers practical implications for educators seeking to integrate digital learning
resources into biology instruction to promote meaningful learning and improve students' conceptual understanding and
learning outcomes.

METHOD

This study employed a Research and Development (R&D) approach using the ADDIE model, which consists of five
stages: Analysis, Design, Development, Implementation, and Evaluation. To evaluate the effectiveness of the
developed module, a quasi-experimental approach employing a pretest—posttest control group design was conducted.
The experimental class learned using the Biology learning module integrating microlearning videos, whereas the
control class received conventional instruction using the learning materials commonly used by the teacher.

ADDIE DEVELOPMENT MODEL

(Analysis — Design — Development - Implementation — Evaluation)
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The development process followed the five stages of the ADDIE model, namely Analysis, Design, Development,
Implementation, and Evaluation, as presented in Figure 1. During the analysis stage, a needs analysis was conducted
through classroom observations, interviews with Biology teachers, and questionnaires distributed to students. In
addition, curriculum content and learning objectives related to the human immune system were analyzed to identify
students' learning needs and determine the appropriate instructional content for the module. At the design stage, the
framework of the Biology learning module was developed by determining the learning objectives, organizing the
instructional materials, designing learning activities, assessment instruments, and integrating microlearning videos
through QR codes. The module consisted of learning objectives, instructional materials, exercises, summaries,
evaluations, and QR codes that directed students to the corresponding microlearning videos. During the development
stage, the Biology learning module, microlearning videos, and research instruments were produced and subsequently
validated by experts. The module and instruments were revised based on the validators' comments and suggestions
until they fulfilled the required validity criteria. The implementation stage involved applying the validated module in
classroom learning. The experimental class received instruction using the Biology learning module integrating
microlearning videos, whereas the control class received conventional instruction. Practicality was evaluated through
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teacher and student response questionnaires, while effectiveness was assessed using students' pretest and posttest
learning outcomes. Finally, the evaluation stage was conducted throughout the development process to review the
results of the validity, practicality, and effectiveness assessments. Feedback obtained from expert validation and
classroom implementation was used to refine the module before producing the final version.

The study was conducted at SMA Negeri 4 Bulukumba, South Sulawesi, Indonesia, during the 2025/2026
academic year. The participants were selected using purposive sampling. Among the four Grade XI classes, two classes
were selected in consultation with the Biology teacher based on the suitability of the research objectives and the
implementation schedule of the human immune system topic. The participants consisted of 23 students in the
experimental class and 18 students in the control class. In addition, two Biology teachers participated in evaluating the
practicality of the developed module.

Four research instruments were employed in this study: expert validation sheets, teacher response questionnaires,
student response questionnaires, and learning achievement tests. The expert validation sheets were used to evaluate
the content, presentation, language, and graphical aspects of the developed Biology learning module as well as the
research instruments. Teacher and student response questionnaires were administered to evaluate the practicality of
the module after implementation. The effectiveness of the developed module was assessed using a learning
achievement test consisting of pretest and posttest administered to both the experimental and control classes.

Table 1. Validity Instrument for modules integrated with Microlearning videos by expert validators.

Aspect Indicator

Content Suitability Coverage of material, Up-to-dateness of material, Integration of microlearning
videos into teaching

Presentation Suitability Presentation techniques, Instructional delivery, Presentation completeness

Language Compatibility Alignment with student development, Quality of communication, Logical flow and
coherence

Graphic Compatibility Module and cover design, Visual design & microlearning video integration

Prior to classroom implementation, the developed Biology learning module and research instruments
were validated by two expert validators using Gregory's content validity coefficient. Suggestions provided
by the validators were incorporated into the revision process until the module fulfilled the required validity
criteria.

D
VC= 5D (Wesnawa et al., 2022)
Table 2. Validity Category

Mark Description

0.8-1 Very high validity
0.60-0.79 High validity
0.40-0.59 Moderate validity
0.20-0.39 Low validity
0.00-0.19 Very low validity

(Suastrawan et al., 2021)

The validity coefficient calculation results determine the validity standards of the research instrument. An
instrument is considered suitable if it has a strong level of content relevance and a validity value of at least 0.75. The
calculation results indicate that the developed module meets the feasibility standards in terms of content, presentation,
language, and graphics, so it can be used without significant changes. If the validity coefficient value is in the medium
or low category (< 0.59), the module must be modified to meet the needs of students and the objectives of biology
learning.

Table 3. Practical Instrument of Teacher Response for Integrated Biology Learning Module Microlearning Video

Content Suitability Aspect Alignment of learning objectives with Learning Outcomes (CP)
The order of presentation of material is in accordance with basic competencies
Microlearning video integration supports understanding of biology concepts
Activities in the module encourage student engagement

Learning Aspects Presentation of material encourages students' thinking skills
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The module helps teachers explain abstract concepts of biology.

Graphic Aspects The quality of the video display (images, animations, and audio) is appropriate to
the material.
The layout of the module (layout, font, color) attracts the attention of students.
The presentation of text, images and videos is consistent and proportional.

Linguistic Aspects Simple and easy to understand module language
Communicative and engaging microlearning video language
Benefit The module makes it easier for teachers to learn

Modules help students learn independently

Meanwhile, the aspects and indicators in the student questionnaire used to evaluate the practicality of the integrated
video microlearning module can be seen in Table 4.

Table 4. Practical Instrument of Student Responses for Integrated Biology Learning Modules with Microlearning

Videos
Content Eligibility Suitability of material to learning objectives
Appearance The attractiveness of the module and video displays
Language Clarity of language and ease of understanding
Benefit Increase learning outcomes

Teachers and students have different perspectives. To understand these perspectives, the practicality percentages based
on the teachers' and students' views were calculated. The following formula was used to determine the respondents'
assessment percentages:

p —gz_ x 100% (Lodang et al., 2023)
Comment:
P = Percentage value
>x = Total score obtained from respondents
>Xi = Total maximum expected value

After obtaining the percentage scores for the respondent statement indicators, the practicality criteria were adjusted
based on Milala et al., (2021) , as shown in the following table:

Table 5. Practicality Assessment Categories for Microlearning Video Integrated Biology Learning Modules

Mark Information
81% - 100% Very practical
61% - 80% Practical
41% - 60% Quite practical
21% - 40% Less practical
0—-20% Not practical

The practicality of the developed module was evaluated separately based on teachers' and students' responses to obtain
a comprehensive assessment of its usability in classroom learning. The effectiveness of the developed Biology learning
module was evaluated by comparing students' pretest and posttest scores. The improvement in students' learning
outcomes was determined using normalized gain (N-gain) analysis, using the N-gain formula as follows:

Skor posttest+skor pretest

Ngain =

Skor ideal—skor pretest

Then it is categorized based on the N-gain value obtained using N-gain using the category by (Safitri et al ., 2023).

RESULTS

Student needs analysis is the first step in the analysis phase of the ADDIE development model. The goal is to
understand students, their needs in learning biology. This includes understanding the challenges they face while
learning. This information will then be used to create biology learning modules integrated with microlearning videos.
The results of the questionnaire showed that 83% of students were very interested in learning Biology if it was
presented through short, clear and interesting videos. In addition, 78% of students stated that it was easier to understand
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material through video displays than through long texts. In fact, 87% of students want Biology material to be presented
in an attractive and easy-to-understand manner. They also stated that videos with simple language helped them better
understand the material. This suggests that students tend to need learning media that combine visual and audio elements
to support their learning process.

The development stage is the stage of changing the results of analysis and design into products that are ready to
be used in learning. At this stage, the module, integrated with microlearning videos about the Immune System, is being
developed according to the previously established plan. Furthermore, product quality is being ensured through a
validation and revision process based on expert input. Revisions are being made in stages until the product is ready for
use. After analyzing the content and determining the learning objectives for the Immune System material, a material
framework is created based on Learning Outcomes and learning objectives that students must achieve. The material in
the module is supported by microlearning videos designed to convey information in a concise, focused, and easy-to-
understand manner. By combining microlearning modules and videos, it is hoped that students can learn independently,
and achieve optimal learning outcomes.

p 20

KEGIATAN PEMBELAJARAN 1

MODUL PEMBELAJARAN
BIOLOGI

SMA/MA KELAS XI o

SISTEM
IMUNITAS

- -
Figure 2. Design of a Biology Learning Module Integrated with Microlearning Videos

Next, the researcher wanted to know whether the integrated video microlearning module developed was practical and
effective. For this reason, trials were conducted on students and teachers at the implementation stage.

CV=—=ci—=1
0+0+0+30

The expert validation results showed that the biology learning module integrating microlearning videos achieved
a Gregory content validity coefficient of 1.00, indicating very high validity. This result demonstrates that the developed
module fulfilled the required standards across all validation aspects. The content aspect was rated highly because the
learning materials were aligned with the learning outcomes, learning objectives, and scientific concepts related to the
human immune system. The presentation aspect received positive evaluations due to the systematic organization of
the learning materials, clear instructional sequence, and well-structured learning activities. The language aspect was
considered appropriate because the module employed clear, communicative, and student-friendly language that
facilitated comprehension. Furthermore, the graphical aspect was rated very highly as the layout, illustrations, color
composition, and QR-code integration of the microlearning videos effectively supported students' engagement and
understanding of abstract biological concepts. Overall, these findings indicate that the developed module is suitable
for classroom implementation without requiring major revisions.

Table 6. Results of the Analysis of Teacher Response Questionnaires Regarding the Integrated Biology Learning
Module with Microlearning Videos

Aspect Percentage (%) Category

Content suitability 90.63 Very Practical
Learning Aspect 91.67 Very Practical
Graphics 95.83 Very Practical
Language 93.75 Very Practical
Benefit 87.5 Very Practical
Average 91.88 Very Practical
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The teacher response questionnaire indicated that the developed Biology learning module was highly practical
for classroom implementation. The graphical aspect received the highest evaluation because the module integrates an
attractive layout, clear illustrations, consistent visual design, and QR-code-linked microlearning videos that facilitate
the explanation of abstract Biology concepts. The language and learning aspects were also evaluated positively,
indicating that the module is easy to understand, supports instructional delivery, and assists teachers in conducting
more engaging learning activities. Although the benefit aspect received a slightly lower score than the other aspects, it
still demonstrated that the module effectively supports teaching, promotes students' independent learning, and
contributes to improving learning outcomes.

Table 7. Results of the Analysis of Student Response Questionnaires for the Integrated Biology Learning
Module with Microlearning Videos

Aspect Percentage (%) Category
Content Eligibility 80 Practical
Appearance 81 Very Practical
Language 82 Very Practical
Benefit 78 Practical
Average 80 Practical

Student responses indicated that the developed module was practical and well accepted during the learning
process. The language aspect received the highest evaluation because the module used simple, communicative, and
easy-to-understand language, enabling students to follow the learning materials independently. The appearance aspect
was also highly rated, reflecting students' positive perceptions of the attractive visual design and the integration of
microlearning videos through QR codes. Meanwhile, the benefit aspect obtained a slightly lower score, suggesting that
although students perceived the module as helpful, differences in individual learning preferences and adaptation to a
new learning approach may have influenced their overall perceptions of its usefulness.

Table 8. Frequency and Percentage Data Analysis of N-gain Value Categories of Student Learning Outcomes

e Experimental Class Control Class
Frequency Percentage (%) Frequency Percentage (%)

High 12 52.2 1 5.6

Moderate 10 43.5 13 72.2

Low 1 4.3 4 22.2

Total 23 100 18 100

Pretest 11.9 8.9

Posttest 214 16.7

N-gain 0.72 0.49

Category High Moderate

Therefore, this study contributes to biology education by developing a biology learning module integrated with
microlearning videos and providing empirical evidence of its validity, practicality, and effectiveness. The findings are
expected to support the development of technology-enhanced instructional materials for teaching abstract biological
concepts, particularly the human immune system. Furthermore, this study provides practical guidance for educators in
integrating digital learning resources into biology instruction to promote meaningful learning, improve students'
conceptual understanding, and enhance learning outcomes. To provide a clearer illustration of students' learning
improvement after the implementation of the learning intervention, the mean N-gain scores of the experimental and
control classes are presented in Figure 3.
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Figure 3. Comparison of the Mean N-gain Scores between the Experimental and Control Classes

As shown in Figure 3, the experimental class achieved a mean N-gain score of 0.72, whereas the control class
obtained a mean score of 0.49. These results indicate that the improvement in students' learning outcomes was greater
in the experimental class than in the control class. According to the N-gain classification criteria, a score of 0.72 falls
into the high category, while a score of 0.49 is classified as moderate. Therefore, the learning model implemented in
the experimental class was more effective in improving students' learning outcomes than the instructional approach
used in the control class.

DISCUSSION

The Biology learning module integrating microlearning videos demonstrated very high validity, indicating that its
content, presentation, language, and graphical components were well aligned with the intended learning outcomes and
students' learning needs. This result can be attributed to the systematic development process following the ADDIE
model, in which every component of the module was designed based on curriculum requirements, expert feedback,
and students' characteristics. The integration of QR-code-based microlearning videos further enhanced the instructional
quality by providing visual explanations of immune system mechanisms that are difficult to observe directly through
conventional printed materials.

The high validity of the module suggests that the learning materials were not merely scientifically accurate but
also pedagogically appropriate for senior high school students. The combination of concise textual explanations,
illustrations, and short instructional videos enabled the module to present abstract biological concepts in a more
accessible manner. According to Mayer's Cognitive Theory of Multimedia Learning, students understand complex
concepts more effectively when verbal information is combined with relevant visual representations because both
verbal and visual processing channels are activated simultaneously. Likewise, Cognitive Load Theory explains that
organizing information into manageable learning units reduces unnecessary cognitive burden and facilitates
meaningful learning. The high validity also reflects the coherence among learning objectives, instructional content,
learning activities, and assessment. Such alignment ensures that students receive learning experiences that directly
support the intended competencies while facilitating concept acquisition through multimodal learning resources.

These findings are consistent with Setianingrum et al., (2023) who emphasized that effective instructional
materials should be systematically organized to support competency achievement. They also support the findings of
Hlazunova et al., (2024), who reported that well-designed microlearning videos improve instructional quality by
presenting information in concise, focused, and easily digestible segments.

The teacher responses indicated that the developed module was highly practical for classroom implementation.
This finding suggests that the module successfully met teachers' instructional needs by providing well-organized
learning materials supported by digital learning resources. The embedded QR codes enabled teachers to access
instructional videos instantly without requiring additional learning platforms, thereby simplifying lesson
implementation and reducing preparation time.

The practicality of the module may also have been influenced by contextual factors within the school
environment. Teachers were already familiar with smartphone-assisted instruction, and most students had access to
mobile devices capable of scanning QR codes. These conditions enabled the microlearning videos to be accessed
without substantial technical barriers, thereby supporting smooth classroom implementation.
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Another factor contributing to the high practicality score was the ability of the module to assist teachers in
explaining complex biological processes. The immune system involves numerous cellular interactions that are difficult
to visualize through verbal explanation alone. The integration of short instructional videos allowed these invisible
biological processes to be represented visually, making classroom explanations clearer and more efficient.

Students also perceived the module as practical because the learning materials were presented through concise
explanations, attractive illustrations, and short videos that could be accessed repeatedly whenever needed. This learning
flexibility encouraged independent learning and reduced students' dependence on teacher explanations. Such
characteristics are particularly important for Biology learning because many concepts require repeated observation and
visualization before they can be fully understood. These findings support Ilhami, (2021), who argued that effective
learning modules should facilitate self-directed learning. Furthermore, they are consistent with Alshammari, (2024),
who found that video-based microlearning enhances learners' satisfaction, technology acceptance, and engagement by
providing flexible learning experiences that are easy to access.

The developed Biology learning module integrating microlearning videos effectively improved students' learning
outcomes, as demonstrated by the higher N-gain score achieved by the experimental class compared with the control
class. This result indicates that integrating microlearning videos into printed learning modules provides additional
instructional support beyond conventional teaching materials.

One possible explanation for this finding is the nature of the human immune system itself. The topic contains
many abstract processes occurring at the cellular and molecular levels, making it difficult for students to construct
accurate mental models using text alone. The microlearning videos transformed these abstract concepts into dynamic
visual representations, enabling students to observe immune responses, interactions among immune cells, and defense
mechanisms more concretely.

Another important factor is the segmentation of learning materials into short instructional units. According to
Cognitive Load Theory, presenting information in smaller learning segments reduces extraneous cognitive load and
allows students to process complex information more efficiently. In addition, Mayer's Cognitive Theory of Multimedia
Learning suggests that integrating verbal explanations with visual representations promotes deeper conceptual
understanding because students actively organize and integrate information from multiple channels. Consequently,
students experienced fewer conceptual difficulties, became more engaged during learning activities, and achieved
better cognitive learning outcomes.

The findings also indicate that the effectiveness of the module was influenced not only by the quality of its
instructional content but also by the learning experience created through multimedia integration. The opportunity to
replay videos, review learning materials independently, and connect textual explanations with visual demonstrations
encouraged active learning and strengthened conceptual retention.

These findings are consistent with Low & Lim (2023), who reported that visual and interactive learning
environments facilitate students' understanding of immunology concepts that are inherently abstract. Similarly,
Hlazunova et al., (2024) concluded that microlearning technology improves conceptual understanding by presenting
concise learning content in highly focused instructional segments. The present study extends these previous findings
by demonstrating that microlearning videos become more effective when systematically integrated into Biology
learning modules rather than being used as standalone instructional media. This integration provides students with a
structured learning pathway that supports independent learning while simultaneously improving conceptual
understanding and academic achievement.

Beyond its practical contribution, this study also provides theoretical support for Mayer's Cognitive Theory of
Multimedia Learning by demonstrating that integrating text, illustrations, and microlearning videos within a single
instructional module facilitates students' conceptual understanding. In addition, the findings extend Cognitive Load
Theory by showing that presenting Biology content through segmented microlearning videos reduces unnecessary
cognitive load and supports more effective knowledge construction.

From a practical perspective, the developed module can serve as an alternative instructional resource for Biology
teachers implementing the Merdeka Curriculum. The integration of QR-code-based microlearning videos may also be
adopted in other Biology topics involving abstract concepts, thereby supporting blended learning and promoting
students' independent learning.

This study has several limitations. First, it was conducted in only one senior high school, limiting the
generalizability of the findings. Second, the developed module focused exclusively on the human immune system
topic. Third, the effectiveness evaluation was limited to students' cognitive learning outcomes and did not assess long-
term retention, motivation, or higher-order thinking skills. Future studies should involve more diverse educational
settings and investigate the long-term impact of microlearning-integrated modules on broader learning outcomes.
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CONCLUSION

This study demonstrates that integrating microlearning videos into Biology learning modules can produce instructional
materials that are valid, practical, and effective in facilitating students' understanding of abstract biological concepts.
Beyond the development of a high-quality learning resource, the study provides empirical evidence that systematically
integrating multimedia elements into printed modules through the ADDIE model enhances instructional quality and
supports meaningful learning. Collectively, these results contribute to the growing body of research on multimedia-
supported instructional materials and offer evidence for the effective integration of microlearning strategies in
secondary Biology education.

From a practical perspective, the developed module offers valuable implications for Biology education. Biology
teachers may use the module as a complementary instructional resource in face-to-face, blended, or technology-
enhanced learning environments to facilitate the teaching of abstract biological concepts. The instructional design,
which integrates QR-code-based microlearning videos into printed learning materials, may also serve as a practical
reference for instructional material developers seeking to design similar resources for other Biology topics. In addition,
schools and educational institutions may consider adopting comparable multimedia-supported learning materials to
foster students' independent learning, digital literacy, and more meaningful learning experiences. These findings may
also support the implementation of the Merdeka Curriculum by providing an example of how multimedia-integrated
instructional materials can promote active, independent, and student-centered learning.

This study has several limitations that should be considered when interpreting the findings. It was conducted in
a single senior high school and focused only on the human immune system topic, which may limit the transferability
of the findings to other educational settings. In addition, the effectiveness of the module was evaluated solely through
students' cognitive learning outcomes. Therefore, future research should investigate the implementation of similar
modules across different Biology topics, educational levels, and more diverse educational contexts while examining
additional outcomes such as learning motivation, critical thinking, and long-term knowledge retention.
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