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Abstract

Background/purpose. The students have difficulty understanding
abstract concepts that are sometimes difficult to visualize in optics
and physics, so learning innovations are needed to overcome these
problems. Case-Based Learning (CBL) optical physics learning
integrated with mobile microlearning offers an innovative approach to
improving the quality of learning. This study explores students'
readiness to implement Case-Based Learning (CBL) optical physics
learning integrated with mobile microlearning.

Methods. The research method used was quantitative analysis by
collecting data through questionnaires that measured several
indicators of student readiness, including skills in using
computers/smartphones, understanding of CBL learning integrated
with mobile microlearning, readiness to receive material through
mobile microlearning, and a positive attitude towards information and
communication technology (ICT).

Results. The results showed that the students were well prepared to
carry out CBL-based optical physics learning integrated with mobile
microlearning, as seen in the average scale score of 4.25. All readiness
indicators are in the ready category, indicating that students
understand and can use technology well and show a positive attitude
toward applying ICT in learning.

Conclusion. These findings imply that students are ready to adopt this
innovative learning approach in learning optical physics, which can
increase the effectiveness and flexibility of the learning process.
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1. Introduction

Physics learning requires students to master not only the basic concepts of physics but also the
integrated mathematical concepts applied to these physical concepts. This integration is crucial as it
helps students understand the relationship between theory and practical observation in real-world
phenomena (Dewi & Primayana, 2019; Ince, 2018). Students who have a strong grasp of theoretical
concepts in physics typically possess solid mathematical skills, enabling them to perform complex
mathematical calculations to explain physical phenomena (Eichenlaub & Redish, 2019; Hazari et al.,
2010). Additionally, students must be able to integrate various physics concepts and apply them in
diverse situations, allowing them to see connections between different aspects of physics and use
their knowledge holistically to solve real-world problems (Banda & Nzabahimana, 2021; Hu & Rebello,
2013; Ng & Van Nguyen, 2006).

Optics, as a branch of physics, presents its own set of challenges that are more complex than
those found in other areas of physics. The concepts in optics are often abstract and difficult to
visualize directly, leading many students to misunderstand the material (Hu & Rebello, 2013; Zhenhua
& Xiaolong, 2020). Phenomena such as refraction, reflection, and interference require a deep
understanding of complex physical principles that are not always directly observable in daily life.
Furthermore, optics also integrates fairly complex mathematical concepts, which can be a barrier for
students who have not yet mastered basic mathematics. While optical phenomena such as the use
of eyeglasses, cameras, or rainbows are commonly encountered in everyday life, a deep and
conceptual understanding is still necessary to explain these phenomena scientifically.

At Universitas Indraprasta PGRI, the teaching of optical physics still relies heavily on the
monotonous lecture method, causing students to feel bored and less motivated. The learning media
used are limited to PowerPoint presentations, which only feature static text and images, while the
material in optical physics requires dynamic visualizations to explain complex and abstract concepts.
Moreover, the lack of textbooks or learning modules developed by lecturers is a major issue, as
students rely solely on PowerPoint materials that do not provide a comprehensive understanding of
optical physics concepts. This limitation results in students' understanding of optical physics being
suboptimal and often superficial.

To address these challenges, more innovative learning approaches are needed. One such
approach is Case-Based Learning (CBL), which utilizes real-world case studies to help students
understand theoretical concepts and principles in the context of real-life situations (Marno et al.,
2023; Malau-Aduli et al., 2013). In CBL, students are presented with complex cases that require in-
depth analysis, discussion, and problem-solving. The aim of CBL is to connect theory with practice,
while also developing students’ problem-solving, critical thinking, and collaboration skills (Ali et al.,
2024; Astuti et al., 2024). This approach is especially suitable for teaching optics, as it allows students
to relate theoretical concepts to real-world phenomena they encounter in everyday life (Alani, 2020;
Lee & Park, 2016). Through case analysis, students are trained to think critically and hone problem-
solving skills essential for learning optical physics.

Along with the advancement of digital technology, microlearning has become a highly relevant
alternative for teaching optical physics. Microlearning is a teaching strategy that delivers content in
short segments, focusing on a specific topic or concept (Pham et al., 2024; Salleh et al., 2022; Zulueta
& Panoy, 2022). By leveraging mobile technology, microlearning provides students with the flexibility
to access learning materials anytime and anywhere, making it more efficient and adaptable to
students' schedules (Astuti et al., 2025; Ismoyo et al., 2024; Hug, 2007). By using microlearning,
complex optical physics material can be presented concisely and effectively, enabling students to
learn more flexibly and independently.
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This study aims to evaluate students' readiness for participating in optical physics learning based
on Case-Based Learning (CBL) integrated with mobile microlearning. The research will assess how
well students can utilize mobile technology to explore optical physics materials through case-based
approaches relevant to their everyday lives. Through the integration of CBL and microlearning, it is
expected that the challenges in optical physics learning will be addressed, significantly enhancing
students’ conceptual understanding.

2. Methodology

This study uses a descriptive research design to assess the readiness of Physics Education
students at Universitas Indraprasta PGRI for the implementation of Case-Based Learning (CBL)
integrated with mobile microlearning in optical physics education. The research aims to understand
students' preparedness to engage with this innovative learning approach, which combines case-
based methods with mobile technology. This hybrid model seeks to enhance students' conceptual
understanding, foster critical thinking, problem-solving skills, and promote self-directed learning
through the flexibility of mobile technology, allowing students to learn anytime and anywhere.

The study examines students' technological competence, their understanding of CBL, and their
readiness to adopt mobile microlearning tools. By exploring their attitudes toward Information and
Communication Technology (ICT), the research assesses students’ motivation, prior experience, and
willingness to embrace new technology in learning optical physics. The findings aim to provide
insights for improving student support, technology infrastructure, and curriculum design, and
contribute to the growing field of technology-enhanced science education.

2.1. Participant

This study employed a descriptive research design with the primary aim of obtaining a
comprehensive overview of the readiness of Physics Education students at Universitas Indraprasta
PGRI for the implementation of Case-Based Learning (CBL) in optical physics integrated with mobile
microlearning. The data collection method was a survey conducted by distributing an online
readiness questionnaire to participating students. The population of this study consisted of all active
Physics Education students enrolled in the 2023/2024 academic year, totaling 78 individuals across
different semester levels.

The sample of 32 students was selected using a purposive sampling method, targeting
participants who had already completed or were currently taking the Optical Physics course, ensuring
that they had sufficient exposure to the subject matter. The sample size was determined based on
Slovin’s formula with a 5% margin of error, which suggested a minimum of 28 participants. To
strengthen data reliability, the final number was increased to 32. This sampling approach was
intended to ensure that the respondents could represent the diversity of the population in terms of
academic level, prior learning experience, and technology usage patterns. The online questionnaire
was administered using Google Forms, with unique access links distributed individually to prevent
multiple submissions by the same respondent and to maintain data validity.

2.2. Instrument

The primary data collection instrument in this study was a structured questionnaire specifically
developed to assess students' readiness for the implementation of Case-Based Learning (CBL) in
optical physics integrated with mobile microlearning. The questionnaire comprised 23 closed-ended
statement items measured on a five-point Likert scale ranging from "strongly disagree" to "strongly
agree." ltem development was guided by an extensive review of literature on technology-enhanced
science education, mobile microlearning adoption, and CBL pedagogical frameworks, ensuring
theoretical alignment with the research objectives. The initial draft of the questionnaire was designed
to cover both technical and pedagogical aspects of readiness comprehensively.
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The instrument measured four core readiness indicators: (1) smartphone usage skills, which
examined students’ ability to operate smartphones efficiently for academic purposes; (2)
understanding of CBL integrated with mobile microlearning, which evaluated their conceptual
awareness, prior experiences, and ability to differentiate it from conventional learning approaches;
(3) readiness to receive learning materials via mobile microlearning, which assessed their
technological access, online learning preparedness, and proactive study habits; and (4) attitudes
toward Information and Communication Technology (ICT), which captured their motivation,
confidence, and perceived benefits of technology for learning. A detailed mapping of the 23 items to
each indicator is provided in Table 1, offering clarity on how each construct was operationalized.

Table 1. Students' Readiness Questionnaire for Learning Optical Physics is Based on CBL Integrated
with Mobile Microlearning

Indicator Item statement
Smartphone usage skills 1. | possess the ability to operate my smartphone proficiently.
2. | am capable of troubleshooting smartphone-related issues,

including both hardware and software aspects.

3. | routinely employ my smartphone as a tool to support
academic activities.

4. | consistently integrate smartphone usage into my daily
routines.
Understanding of CBL 5. | know the concept of Case-Based Learning (CBL) is applied
learning integrated with in mobile microlearning.
mobile microlearning 6. | am used to encountering optical physics cases and can

solve them well.

7. | comprehend the advantages of utilizing mobile learning in
the context of optical physics education.

8. | can differentiate between conventional learning methods
and CBL-based mobile microlearning.

9. | am proficient in accessing and utilizing internet-based
services.
10. | regularly engage in online communication or discussions

with classmates via platforms such as WhatsApp, Line, and others.

11. | am adept at utilizing online learning features, including
downloading materials, participating in online discussions,
submitting assignments, completing quizzes, taking online exams,
and posing questions digitally.

Readiness receiving 12. | own a personal smartphone suitable for academic use.
material learning via

i ) } 13. | have reliable internet access that enables me to participate
Mobile microlearning

in online learning activities.

14. | have an active account for accessing online learning
platforms.
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15. | take the initiative to study in advance before attending
optical physics classes.

16. | download and review all instructional materials provided
by the lecturer.

17. | believe that CBL-based mobile microlearning will help my
understanding of optical physics.

18. | have high motivation to learn using CBL-integrated mobile
microlearning

Attitude Toward 19. | find technology very helpful in the teaching and learning
Information and process.
Communication

20. | am interested in continuing to utilize technology in
Technology (ICT) learning.

21. | feel confident in using technology for learning optical

physics.

22. | believe that using ICT will improve my learning outcomes.

23. | always keep up with technology to support learning.

To ensure content validity, the questionnaire underwent expert validation involving six
specialists in physics education, educational technology, and instructional design. The experts
reviewed the instrument based on three criteria: (1) alignment between items and the intended
indicator, (2) structural clarity and grammatical accuracy, and (3) appropriateness of the language for
the target population. Feedback from this process resulted in several refinements, including
rewording of items for clarity, elimination of overlapping statements, and adjustment of terminology
to better match students’ context. Reliability analysis was conducted after piloting the instrument
with a comparable sample, yielding Cronbach’s alpha coefficients above the acceptable threshold of
0.70 for each subscale, indicating strong internal consistency. This rigorous development and
validation process ensured that the instrument was both theoretically sound and empirically reliable.

2.3. Data Collection

Data were collected through an online questionnaire administered via Google Forms to ensure
broad accessibility and efficiency in distribution. Each participant was required to log in using a unique
institutional email to prevent duplicate submissions and maintain data integrity. Before filling out the
questionnaire, students received an informed consent form outlining the study objectives, voluntary
participation, and data confidentiality measures. The questionnaire was available for one week,
during which reminder notifications were sent to encourage a high response rate, aligning with the
technology-mediated nature of mobile microlearning.

The responses were exported to Microsoft Excel for preprocessing, where each Likert-scale score
(1-5) was converted into interval data. Descriptive statistical analyses, including mean, standard
deviation, and frequency distribution, were performed for each readiness indicator. Readiness levels
were then interpreted based on the assessment scale by Wahyuningsih et al. (2022), which
categorizes scores above 4.2 as “ready” where the application of CBL-based optical physics learning
integrated with mobile microlearning can be fully implemented; scores between 3.4 and 4.1 as
“ready” but requiring a little improvement; scores between 2.6 and 3.3 as “not ready” but needing a
little improvement; and scores below 2.6 as “not ready” with a need for substantial improvement.
This analytical procedure ensured a systematic, transparent, and replicable evaluation of students’
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preparedness for the integration of CBL and mobile microlearning in optical physics learning. The
level of student readiness for the implementation of Case-Based Learning (CBL) integrated with
mobile microlearning in the context of optical physics was then interpreted using the assessment
criteria presented in Table 2.

Table 2. Student Readiness Rating Scale in CBL-Based Optical Physics Learning Integrated with
Mobile Microlearning (Wahyuningsih et al, 2022)

Scale Category Captions
>4 2 Ready The application of CBL-based optical physics learning
integrated with mobile microlearning can be applied
3,4-4,1 Ready Needs a little improvement
2,6-3,3 Not ready Needs a little improvement
<2,6 Not ready Needs a lot of improvement
3. Results

After the students completed the learning readiness questionnaire regarding the
implementation of Case-Based Learning (CBL) integrated with mobile microlearning, the data were
analyzed to assess their preparedness. The raw responses were first converted into interval data,
allowing for a more detailed and quantitative evaluation of each student’s readiness. The results, as
summarized in Table 3, provide an overview of the students' readiness levels across four key
indicators: smartphone usage skills, understanding of CBL integrated with mobile microlearning,
readiness to receive learning materials via mobile microlearning, and attitudes toward Information
and Communication Technology (ICT). Each indicator's results were categorized according to the
assessment scale developed by Wahyuningsih et al. (2022), which classifies students into levels of
readiness ranging from "ready" to "not ready." This comprehensive analysis presents an in-depth
view of how well students are prepared for engaging with the proposed learning approach and
highlights areas where further support or improvement may be needed.

Table 3. Questionnaire Analysis Results

Indicator Scale Category
1 4,8 Ready
2 3,6 Ready
3 4,1 Ready
4 4,5 Ready

The four indicators presented in the table demonstrate high average scores, ranging from 3.6 to
4.8 on a 1-5 scale, with all indicators categorized as "Ready." This overall result suggests that the
participants are generally well-prepared to engage in Case-Based Learning (CBL) integrated with
mobile microlearning. Specifically, Indicator 1, with the highest score of 4.8, indicates a very strong
readiness in the aspect it measures. This suggests that the students are highly confident and skilled
in the area assessed by this indicator, reflecting their strong alignment with the requirements of
mobile microlearning and CBL. On the other hand, Indicator 2, with the lowest score of 3.6, still falls
within the "Ready" category but indicates a relatively weaker area. While the score is above the
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threshold, it suggests that this particular aspect, likely related to the students' understanding or
familiarity with CBL integrated with mobile microlearning, requires attention. This gap implies that,
although the participants are generally prepared, this area could benefit from additional support,
interventions, or preparatory activities before the full-scale implementation of the learning approach.
Addressing this vulnerability may enhance students’ overall readiness and ensure the success of the
program.

The following section presents the results for each of the four indicators, displayed visually in the
form of graphs and accompanied by detailed explanations. These visualizations provide a clearer
understanding of the students' readiness levels across various aspects of Case-Based Learning (CBL)
integrated with a mobile microlearning approach.

5,0
4,0
3,0
2,0
1,0

0,0

Scala

Item 1 Item 2 Item 3 Item 4

Questionnaire

Figure 1. Results of Student Readiness on Indicator Smartphone Usage Skills

Overall, the findings for Indicator 1 demonstrate that Physics Education students are highly
prepared to utilize digital devices such as computers, laptops, and smartphones. The questionnaire
results for Indicator 1, which include Item 1 (mean score = 5.0), Item 2 (4.9), Item 3 (4.8), and Item 4
(5.0), reflect consistently high levels of readiness, with all item scores well above the threshold value
of 3.3. These results indicate that students possess a strong ability to operate digital devices,
particularly smartphones, and are proficient in integrating them into both daily routines and
academic tasks. They exhibit the skills of efficiently typing, accessing information, and leveraging
smartphones for various learning activities, skills that are typically associated with the millennial
generation, known for its technological fluency and adaptability.

Despite all items under Indicator 1 falling within the "ready" category, there are still areas where
further improvement can be made. Although students are well-equipped to use digital devices for
basic academic tasks, enhancing certain aspects of their digital literacy and device usage will be
crucial for the effective implementation of optical physics instruction through mobile microlearning
platforms. Identifying these competencies enables educators and institutions to design targeted
interventions aimed at further developing students' digital skills before the course begins. Strategic
initiatives such as workshops, hands-on training, or additional resources on advanced smartphone
features and troubleshooting could help students maximize their potential and ensure smoother
integration of technology into the learning process.

As illustrated in Figure 2, the results for Indicator 2, which evaluates students' readiness to learn
optical physics using Case-Based Learning (CBL) integrated with mobile microlearning, place the
overall readiness level within the "ready" category. The questionnaire results for this indicator include
the following mean scores: Item 5 (3.2), Item 6 (3.2), Item 7 (3.5), Item 8 (3.4), Item 9 (3.7), Item 10
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(3.7), and Item 11 (4.3). These findings show that while students demonstrate overall readiness, the
data also reveal variations in their understanding across different components of the learning model.
ltems 5 and 6, both scoring 3.2, fall into the "unprepared" category, indicating that a substantial
number of students lack a solid conceptual understanding of Case-Based Learning (CBL) and are not
yet familiar with solving case-based optical physics problems. Specifically, tem 5 addresses students'
knowledge of the CBL concept applied within mobile microlearning. The low score suggests that many
students do not yet fully comprehend how optical physics can be effectively taught using this
pedagogical model. This lack of understanding highlights the need for a foundational introduction to
CBL and its application in the context of optical physics. Prior to the full implementation of this
approach, explicit explanations and adaptation processes will be crucial to help students engage with
CBL more effectively.

Item 5 Item 6 Item 7 Item 8 Item 9 Item 10 Item 11

5,0

4

o

3

Scala
k=]

2

o

1

o

0,0

Quistionnaire

Figure 2. Results of Student Readiness on Indicator 2

In addition to Item 5, Item 6, which asks about students' familiarity with solving optical physics
cases, also scores low (3.2), suggesting that students have limited exposure to case-based problem-
solving, a key feature of CBL. This may be due to their prior learning experiences, where problems
were typically presented in a more traditional, lecture-based format. As CBL requires critical and
analytical thinking, it is essential to guide students in developing the skills to approach optical physics
problems through case analysis. These results imply that students may need additional practice in
case-based learning environments to build their confidence and competence. However, the other
items in Indicator 2 indicate stronger readiness. Item 7 (mean = 3.5) reflects students’ recognition of
the benefits of mobile learning in optical physics, but their understanding is not yet fully developed.
This suggests that while students are aware of the potential advantages of mobile microlearning, they
may not yet be able to fully leverage mobile tools and resources for optical physics learning. A more
thorough exploration of how mobile learning tools can enhance optical physics education would be
beneficial to deepen their understanding.

ltems 8 (3.4), 9 (3.7), 10 (3.7), and Item 11 (4.3) indicate clearer readiness and familiarity with
mobile learning features. Items 9 and 10 suggest that students are comfortable with using
smartphones to access materials and engage with mobile microlearning, which is a positive sign for
the integration of mobile technology into their learning processes. Furthermore, Iltem 11, with a high
score of 4.3, reflects students' strong confidence in using mobile learning tools and their motivation
to engage with CBL-integrated mobile microlearning. This indicates that while some areas require
further development, such as understanding the core principles of CBL and solving case-based
problems, students are generally equipped with the skills necessary to use mobile learning tools
effectively. To ensure a smooth implementation of CBL in optical physics education, it is
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recommended to provide students with a brief orientation to CBL, along with examples of how to
analyze and solve cases. Additionally, integrating mobile microlearning features, such as quick micro-
lessons, simulations, and interactive quizzes, can further strengthen students' readiness and enhance
their learning experience.

In conclusion, the results indicate that while the cohort demonstrates overall readiness, certain
areas, particularly related to conceptual understanding and case-based problem-solving, require
focused attention. By providing targeted interventions, such as introducing the CBL concept clearly,
offering practice with case-based analysis, and utilizing mobile learning tools strategically, it will be
possible to maximize students' readiness and ensure a successful implementation of CBL integrated
with mobile microlearning for optical physics education. This approach will not only improve
students' theoretical understanding but also foster their critical thinking and problem-solving skills,
making them more effective learners in this innovative learning environment.

Item 12 Item 13 Item 14 Item 15 Item 16 Item 17 Item 18

5,0

4

o

3

o

Scala

2

o

1

o

0,0

Questionnaire

Figure 3. Results of Student Readiness on Indicator 3

Students generally demonstrate strong readiness for mobile microlearning (Indicator 3, overall
mean = 4.1), with particularly high levels of device and internet access, as well as motivation (Iltems
12, 13, 16—18). As illustrated in Figure 3, the results show that most students are well-equipped for
engaging with mobile microlearning, with Items 12 (5.0) and 18 (4.6) reflecting near-perfect
readiness. However, areas such as pre-class preparation and access to learning management systems
(LMS) are weaker (Item 14 = 3.4 and Item 15 = 3.2). While most students possess the necessary
technical access and are motivated to engage with mobile microlearning, the findings indicate that
targeted support is required to address issues related to LMS access and ensuring students come
prepared to class.

The mean score for Indicator 3 of 4.1 places it within the "ready" category, indicating that
students are well-positioned for mobile microlearning. In particular, Iltems 12 (5.0) and 18 (4.6)
demonstrate strong readiness, showing that nearly all students own a smartphone and have reliable
connectivity. Items 13 (4.4), 16 (4.0), and 17 (4.1) also suggest readiness, as students express positive
attitudes toward mobile learning and its ability to improve conceptual understanding in optical
physics. However, Iltem 14 (3.4) and Item 15 (3.2) reveal that some students struggle with accessing
institutional learning accounts and preparing before class, which could impede their readiness for
mobile microlearning.
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The implications of these findings suggest that while the technical access and motivation for
mobile microlearning are strong, practical interventions are necessary to support students in
overcoming barriers related to LMS access and pre-class preparation. To address these gaps, it is
recommended to provide a short onboarding module that helps students create or log into their LMS
accounts, as well as a pre-class microtask or quiz that students must complete before attending class.
Additionally, push reminders via SMS or WhatsApp can encourage students to complete these pre-
class tasks. These steps will enhance students' preparedness and ensure a smoother implementation
of mobile microlearning integrated with Case-Based Learning (CBL). The overall high readiness for
this approach, combined with the need for targeted support in specific areas, indicates that mobile
microlearning could be effectively implemented with these adjustments to optimize student
engagement and learning outcomes.

11111

0,0

Scala
k=] k=]

o

o

Item 19 Item 20 Item 21 Item 22 Item 23
Questionnaire

Figure 4. Results of Student Readiness on Indicator 4

Indicator 4 evaluates students' attitudes toward the integration of Information and
Communication Technology (ICT) in optical physics learning through the Case-Based Learning (CBL)
model, combined with mobile microlearning. The results show a strong and positive response across
all items, with an overall mean of approximately 4.52, placing students in the "very ready" category.
As presented in Figure 4, the data from Items 19 to 23 indicate that students possess high levels of
enthusiasm, confidence, and belief in the value of ICT in their learning process. In particular, Item 20
(mean = 5.0), Item 21 (mean = 4.7), and ltem 22 (mean = 4.9) stand out with very high scores,
reflecting strong readiness for continued use of technology, confidence in using digital tools for
optical physics, and a deep belief in the potential of ICT to enhance academic performance. These
results demonstrate that students are not only open to the integration of ICT but also highly
motivated to engage with it, suggesting an ideal foundation for the successful implementation of CBL
and mobile microlearning.

However, as illustrated in Figure 4, Items 19 (mean = 4.0) and 23 (mean = 4.0) show somewhat
lower, but still positive, responses. These items suggest that while students generally recognize the
benefits of ICT, there is room for improvement in terms of demonstrating the practical applications
of technology in optical physics learning. Specifically, while students acknowledge the potential value
of technology (Item 19) and express a willingness to keep updating their skills (Iltem 23), these areas
present an opportunity to enhance their understanding and engagement. A clearer demonstration
of how ICT directly contributes to their learning, especially in relation to case-based learning
scenarios, could strengthen their perceptions and increase their willingness to continuously update
their technical skills.

Based on these findings, there are several practical implications for implementing CBL integrated
with mobile microlearning. Given students' positive attitudes toward ICT, the potential for a
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successful pilot is high. However, targeted support is necessary in certain areas to ensure smooth
adoption. It is recommended to begin by providing a short orientation module (e.g., a 3—5 minute
video with frequently asked questions) that explains the practical benefits of using the platform for
CBL activities, highlighting how it can directly improve students' understanding and engagement in
optical physics. Additionally, optional workshops on advanced features such as quiz creation,
discussion tools, and assignment submissions can help students build confidence in using the
platform. To encourage ongoing skill development, it is essential to establish a system for continuous
professional development (CPD), such as offering micro-credentials or badges for students who
actively participate in technology workshops. This approach will not only boost students' technical
competence but also further integrate technology into their academic routines.

Furthermore, to ensure that students stay engaged and prepared, incorporating reminders via
SMS or WhatsApp can be useful for encouraging pre-class preparation. Monitoring objective metrics,
such as LMS login logs, task completion rates, and pre- and post-test performance, will provide more
accurate data on student engagement and progress. This data can be used to validate the self-
reported attitudes of students and ensure that the practical benefits of ICT are truly translating into
improved learning outcomes.

4. Discussion

The research findings on students’ readiness for the implementation of case-based learning (CBL)
integrated with mobile microlearning in the context of optical physics indicate that, overall, students
are categorized as “ready” to engage in this innovative learning approach. All four main indicators—
smartphone usage skills, understanding of CBL integrated with mobile microlearning, readiness to
receive learning materials through mobile microlearning, and attitudes toward Information and
Communication Technology (ICT)—recorded average scores above the threshold value of the “ready”
category (3.3), with a score range between 3.6 and 4.8 on a 1-5 scale. As shown in Figure 5, the
average scores on these four main indicators reflect that students are well-prepared for this
approach, with each indicator demonstrating strong readiness. These findings suggest that the
students are generally well-prepared for the integration of digital technologies in their learning
processes, demonstrating readiness that spans both technical capabilities and psychological factors,
such as motivation and attitudes.

~ Average students' scores on four main indicators

Smartphone skills  Understanding of CBL Mobile Microlearning Attitude toward ICT

5.0

4.5

4.0

35

3.0

25

2.0

Average Score

15

10

0.5

Figure 5. Average Students' Scores on Four Main Indicators
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The research findings demonstrate that students are generally well-prepared to engage with
Case-Based Learning (CBL) integrated with mobile microlearning in optical physics, as reflected by
their strong scores in four primary indicators: smartphone usage skills, understanding of CBL,
readiness to receive learning materials through mobile microlearning, and attitudes toward ICT.
These indicators suggest that students possess a solid foundation for adapting to a digital, case-based
learning environment. Their proficiency with mobile devices, coupled with a positive attitude toward
ICT integration, supports the idea that students are technically equipped for technology-enhanced
learning approaches, and are motivated to use these tools in their academic journey. The significance
of these findings lies in the fact that readiness to engage with digital tools is a well-documented
predictor of academic success in technology-mediated environments (Davis, 1989; Venkatesh et al.,
2003). Specifically, students’ enthusiasm for mobile microlearning, paired with their positive beliefs
about ICT’s role in education, suggests that the integration of CBL and mobile learning in optical
physics could significantly enhance both student engagement and learning outcomes. The high
confidence students exhibit in utilizing these tools further emphasizes the potential for technology-
driven approaches to be successfully adopted in academic settings.

Despite these promising indicators, the findings also reveal areas that require further attention,
particularly in students' conceptual understanding of CBL and their preparedness for pre-class
activities. While students exhibit high technical proficiency and strong attitudes toward ICT, their
lower scores in understanding CBL, especially in solving optical physics problems through case-based
formats, indicate that their readiness is not consistent across all areas. A score of 3.6 for
understanding CBL suggests that while students are comfortable with digital tools, they still struggle
to adapt to the cognitive shifts required by CBL. This difficulty likely stems from their previous
experiences, where physics education largely focused on memorization and solving formula-based
problems, rather than engaging in the more complex cognitive processes required for case-based
problem-solving (Astuti et al., 2024). The limited exposure to case-based approaches in prior
education suggests that many students may not fully understand the pedagogical benefits of CBL,
which emphasizes critical thinking, problem-solving, and the application of theory to real-world
scenarios. This gap in students’ understanding aligns with earlier studies, which highlight the critical
importance of bridging the gap between theoretical knowledge and practical application through
well-designed case studies (Kolodner et al., 2003; Macho-Stadler & Elejalde-Garcia, 2013).

To address these conceptual gaps, the implementation of a dedicated CBL orientation module is
recommended. This module would provide students with a comprehensive understanding of the
case-based learning process, including how to analyze and solve complex, real-world problems within
the context of optical physics. It would also explain the connection between CBL and the practical
applications of physics concepts, such as the behavior of light in various scenarios. By providing
students with this foundational knowledge before they engage with the full curriculum, the CBL
orientation module would help bridge the gap between students' technical readiness and their
cognitive preparedness, fostering a deeper understanding of CBL and enhancing their ability to
engage with the material effectively.

Furthermore, the analysis of students' readiness to engage with learning materials through
mobile microlearning (score: 4.1) uncovers practical challenges related to access and preparation.
While students generally have strong access to mobile devices and the internet, issues related to
Learning Management System (LMS) access and pre-class preparation hinder their ability to fully
engage with mobile microlearning. The scores for LMS access (3.4) and pre-class preparation (3.2)
suggest that operational barriers, such as difficulties logging into LMS accounts or inadequate
preparation before class, impede the learning experience. These operational barriers are consistent
with the findings of Silva et al. (2025), who emphasize that microlearning integrated with digital
technologies can enhance student motivation and performance, but only if practical barriers, such as
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LMS accessibility, are addressed. To mitigate these barriers, institutions need to provide dedicated
technical support to resolve access issues, as well as to ensure that students are adequately prepared
before each class. This could involve integrating mandatory pre-class tasks, such as watching
instructional videos, completing quizzes, or engaging in online discussions. These tasks would ensure
that students are familiar with the content prior to engaging in more complex learning activities, thus
allowing them to be better prepared for the case-based challenges that mobile microlearning
presents.

Regarding students” attitudes toward ICT integration, the research reveals a strong belief in the
value of ICT for enhancing the learning experience, with an average score of 4.5. This positive attitude
toward ICT is a key factor in the successful adoption of technology-based pedagogical models.
Previous research has consistently shown that students' attitudes toward ICT play a significant role
in determining the success of technology integration in education (Teo, 2011; Yildirim, 2000). Positive
student attitudes not only foster greater engagement and motivation in technology-rich learning
environments but also reduce resistance to adopting innovative teaching methods. The willingness
of students to embrace ICT as a tool for learning contributes significantly to the success of
pedagogical models that rely on digital tools, such as mobile microlearning and CBL.

This positive attitude is also aligned with Self-Determination Theory (SDT) (Ryan & Deci, 2000),
which emphasizes that intrinsic motivation is driven by the fulfillment of three basic psychological
needs: autonomy, competence, and relatedness. In the context of mobile microlearning integrated
with CBL, students are provided with opportunities to satisfy these needs through learning
experiences that offer flexibility (autonomy), interactive feedback (competence), and opportunities
for collaboration (relatedness). According to SDT, the fulfillment of these needs enhances motivation
and academic performance (Pintrich, 2003; Deci & Ryan, 2000). Mobile learning, for example, enables
students to learn at their own pace and access content whenever it suits them, thereby increasing
their sense of control over their learning process. Moreover, the opportunity to engage in problem-
solving tasks and receive immediate feedback further enhances students' sense of competence and
motivates them to continue learning.

Despite the strong positive attitudes students demonstrate toward ICT, challenges remain in
ensuring that these attitudes translate into effective application within specialized academic contexts
like optical physics. Research indicates that students, despite their enthusiasm for technology, often
struggle to apply digital tools in ways that enhance their understanding of complex, domain-specific
concepts (Breslow et al., 2013; Clark, 2007). In the case of optical physics, students may find it difficult
to relate abstract concepts like light refraction and reflection to real-world applications, such as how
lenses work in cameras or eyeglasses. This gap between general enthusiasm for ICT and its effective
use in a specific academic discipline underscores the need for context-specific instructional
strategies. To bridge this gap, it is essential to design learning activities that directly relate theoretical
concepts to practical scenarios. For example, incorporating real-life case studies that focus on optical
phenomena, such as how light behaves in different media or the role of lenses in everyday devices,
can help students connect abstract concepts to tangible experiences. These case studies can make
the content more relatable, thus improving students' understanding and engagement with optical
physics.

Moreover, the integration of interactive ICT tools like simulations, augmented reality (AR), and
virtual reality (VR) can further enhance students' ability to visualize and engage with optical
phenomena. These tools provide immersive learning experiences that make complex physics
concepts more accessible and easier to understand (Bailenson et al., 2008; Milgram & Kishino, 1994).
By incorporating these technologies into CBL, educators can foster a more dynamic, interactive
learning environment that not only enhances students' conceptual understanding but also provides
opportunities for hands-on, real-world problem-solving. Studies have shown that immersive
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technologies like AR and VR significantly improve engagement and retention in science education by
offering visual and interactive representations of abstract concepts (Zhao et al., 2023).

To conclude, the integration of mobile microlearning and CBL in optical physics education offers
significant potential for enhancing student engagement, problem-solving abilities, and conceptual
understanding. However, addressing the identified gaps in students' conceptual understanding of
CBL, preparedness for pre-class activities, and the effective application of ICT tools in optical physics
learning is crucial for maximizing the success of this approach. By implementing strategic
interventions, such as CBL orientation modules, technical support for LMS access, and integrating ICT
tools that demonstrate real-world applications of optical physics, educators can create a learning
environment that not only motivates students but also ensures they are cognitively and technically
equipped to succeed. This integrated approach will foster a deeper understanding of the material,
enhance problem-solving skills, and ultimately improve students' academic performance in optical
physics.

5. Conclusion

The analysis and discussion reveal that students of Physics Education at Universitas Indraprasta
PGRI are well-prepared for the implementation of CBL-integrated optical physics learning with mobile
microlearning. The results from the questionnaire analysis show that all key readiness indicators fall
within the '"ready" category, which includes proficiency in computer/smartphone usage,
understanding of CBL integrated with mobile microlearning, preparedness to engage with learning
materials via mobile microlearning, and positive attitudes toward ICT. These findings suggest that
students possess the technical, cognitive, and motivational qualities necessary for the successful
adoption of this innovative learning method, providing confidence that they will be able to utilize it
effectively to enhance optical physics education.

Furthermore, students' proficiency in using technology and smartphones supports the learning
process, allowing them to access materials more flexibly and efficiently through mobile microlearning
platforms, which can be accessed anytime and anywhere. This capability not only enables students
to optimize the use of technology but also boosts their involvement and motivation in mastering
optical physics concepts. While students are ready to engage with CBL-integrated mobile
microlearning, attention must be given to further developing their conceptual understanding of CBL,
particularly in applying it to optical physics. To maximize the effectiveness of this approach,
interventions such as CBL orientation modules and improved pre-class preparations are
recommended. In sum, students are well-equipped to embrace CBL-integrated mobile microlearning,
with additional support needed to ensure they fully harness its potential for deeper engagement with
optical physics.
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