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This study aims to determine the improvement of student learning outcomes
through the application of the Contextual Teaching and Learning (CTL) model in
the subject of Natural Sciences, specifically simple machines, at the Madrasah
Tsanawiyah level of Al Fattah Sungai Binjai Islamic Boarding School, Bungo
Regency. The research was motivated by initial observations showing that
mastery of simple machines material was below the minimum competency
standard (KKM), with a completion percentage of only 25%. The purpose of this
study is to improve students’ critical thinking, practical skills, and interest in
science and technology by implementing the CTL approach. The research design
employed Classroom Action Research (CAR) with two cycles. Data collection
techniques included tests, observations, interviews, and documentation. Data
analysis used both qualitative and quantitative approaches to evaluate changes in
cognitive, affective, and psychomotor aspects. The findings revealed significant
improvements in student learning outcomes. In cycle I, the cognitive aspect
reached 46.42%, the affective aspect 52.85%, and the psychomotor aspect 52.51%.
In cycle 1II, these outcomes increased to 80% for the cognitive aspect, 80.08% for
the affective aspect, and 80.93% for the psychomotor aspect. The implications of
this research suggest that the CTL model can effectively enhance learning
outcomes in science, particularly in the topic of simple machines, and serve as a
valuable strategy to support student readiness for future scientific and
technological challenges.

Abstrak

Penelitian ini bertujuan untuk mengetahui peningkatan hasil belajar siswa melalui
penerapan model Contextual Teaching and Learning (CTL) pada mata pelajaran Ilmu
Pengetahuan Alam (IPA) dengan materi pesawat sederhana di tingkat Madrasah
Tsanawiyah Pondok Pesantren Al Fattah Sungai Binjai, Kabupaten Bungo. Penelitian ini
dilatarbelakangi oleh hasil observasi awal yang menunjukkan bahwa penguasaan siswa
terhadap materi pesawat sederhana masih berada di bawah standar kompetensi minimum
(KKM), dengan persentase ketuntasan hanya mencapai 25%. Tujuan dari penelitian ini
adalah untuk meningkatkan kemampuan berpikir kritis, keterampilan praktis, serta minat
siswa terhadap sains dan teknologi melalui penerapan pendekatan CTL. Desain penelitian
yang digunakan adalah Classroom Action Research (CAR) atau Penelitian Tindakan
Kelas (PTK) dengan dua siklus. Teknik pengumpulan data meliputi tes, observasi,
wawancara, dan dokumentasi. Analisis data dilakukan dengan pendekatan kualitatif dan
kuantitatif untuk mengevaluasi perubahan pada aspek kognitif, afektif, dan psikomotor.
Hasil penelitian menunjukkan adanya peningkatan yang signifikan dalam hasil belajar
siswa. Pada siklus I, aspek kognitif mencapai 46,42%, aspek afektif 52,85%, dan aspek
psikomotor 52,51%. Pada siklus 11, hasil tersebut meningkat menjadi 80% untuk aspek
kognitif, 80,08% untuk aspek afektif, dan 80,93% untuk aspek psikomotor. Implikasi dari
penelitian ini menunjukkan bahwa model CTL dapat secara efektif meningkatkan hasil
belajar siswa dalam mata pelajaran IPA, khususnya pada materi pesawat sederhana, serta
menjadi strategi pembelajaran yang berharga untuk mendukung kesiapan siswa
menghadapi tantangan sains dan teknologi di masa depan.
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1. Introduction

Science is subjects related to knowing nature systematically (Cheng, Ritzhaupt, & Antonenko, 2019).
Science is not only a collection of knowledge in the form of facts (La Cerra et al., 2019), concepts or
principles (Baber, 2020), but is also a process of discovery (Van der Kleij, Feskens, & Eggen, 2015). Science
emphasizes on providing direct experience (Bower, Dalgarno, Kennedy, Lee, & Kenney, 2015). Therefore,
students need to be helped to develop process skills (Gatti, Ulrich, & Seele, 2019). One of the problems
faced in science learning is material regarding objects that make human work easier (Harley, Poitras,
Jarrell, Duffy, & Lajoie, 2016), namely simple machines (Guo, Saab, Post, & Admiraal, 2020). The
discussion regarding this simple plane material is in K.I.3 which states: Understand and apply factual
and conceptual knowledge based on curiosity about the natural sciences of simple planes related to
phenomena and events visible to the eye. Meanwhile, the KD which contains simple aircraft material is
in KD 3.1, namely explaining the concept of simple aircraft and its application in everyday life and KD
4.1, namely presenting the results of investigations regarding the benefits of using simple aircraft in
everyday life.

Previous research explains that learning outcomes are students’ abilities resulting from learning
experiences, reflected in cognitive (knowledge), affective (attitude), and psychomotor (skills) changes.
They encompass not only concept mastery but also skill and attitude development, measurable through
understanding, task performance, and appreciation for the subject (Zacharis, 2015). Learning outcomes
are commonly assessed via tests and observations to evaluate the effectiveness of teaching methods, with
improvements shown by higher average scores and mastery levels (Chang et al., 2019). The three learning
domains include cognitive (intellectual development), affective (attitudes and values), and psychomotor
(practical skills) (Courtiol et al., 2019). Influencing factors are internal —such as intelligence, motivation,
and readiness—and external, including family, school, and community environments (Skrede et al.,
2020). Assessment aims to determine students” progress, effort, and the effectiveness of instructional
methods (Hilbert et al., 2019). Contextual Teaching and Learning (CTL) supports this process by linking
lessons to real-life contexts, emphasizing student engagement, problem discovery, and practical
application through six stages: constructivism, questioning, learning community, modeling, reflection,
and authentic assessment.

Based on observations made at Al Fattah Sungai Binjai Islamic Boarding School in class VIII MTs, it
shows that students' understanding and learning outcomes in science lessons are still very low, namely
25% of the KKM standard score of 75. There are only 7 students out of 28 students who understand science
lessons. While in class, it was found that some students had difficulty understanding science learning,
which resulted in low achievement of science knowledge competency because the ongoing learning
process was still less than optimal. It can be seen that students quickly feel bored and fed up and even
skip classes during class. And students are also less enthusiastic about taking part in ongoing learning in
class, it is thought that this is due to the lack of use of learning models and media which makes students
less interested in participating in ongoing learning.

Things that may be the cause of low student learning outcomes are the lack of providing real
experience to students because learning is only limited to the classroom (Salinas-Hernandez et al., 2018).
The level of difficulty of this material also triggers the problem of low student learning outcomes in
science (Courtiol et al., 2019). It can also be seen that students' attitudes during learning tend to still like
to play in class when the teacher is explaining the material. If this is left as it is, it will hinder the learning
process and further worsen students' mastery of science knowledge competencies and will result in low
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achievement of science knowledge competencies/learning outcomes; therefore it is important to carry
out research so that this problem can be overcome.

Seeing the problems above, improvements need to be made to optimize students' science
knowledge competency by implementing a learning model that has never been used at Al Fattah Sungai
Binjai Islamic Boarding School, namely the Contextual Teaching and Learning model. CTL is a Learning
Concept that helps teachers to relate the material taught to students' real-world situations and
encourages students to make connections between the knowledge they have and its application in their
lives as members of the family and community. With this concept, learning outcomes are expected to be
more meaningful for students. The learning process takes place naturally in the form of students
working and experiencing, not transferring. The application of the Contextual Teaching and Learning
(CTL) model with concrete media can improve students' learning outcomes in science regarding simple
machines. The CTL model emphasizes the importance of relating the subject matter to students' real-life
contexts, allowing them to understand and apply the concepts learned in everyday situations.

This research aims to determine the process of improving the learning outcomes of Class VIII MTs
students through the implementation of the Contextual Teaching and Learning (CTL) model in Natural
Science subjects, particularly on the topic of simple plane materials, at Al Fattah Sungai Binjai Islamic
Boarding School, Bungo Regency. The study focuses on how the CTL approach, which emphasizes
linking learning materials with real-life contexts, can enhance students’ understanding, engagement,
and skills in applying scientific concepts. By involving students actively in activities such as observation,
questioning, group discussion, modeling, and reflection, the CTL model is expected to create a more
meaningful learning experience. This process not only aims to improve students’ cognitive
understanding of simple plane mechanisms but also to develop their affective and psychomotor abilities,
fostering curiosity, cooperation, and problem-solving skills. Ultimately, the research seeks to
demonstrate that CTL-based learning can effectively enhance both academic achievement and students’
ability to relate science lessons to everyday life.

2. Methods

The method used in this study is Classroom Action Research (CAR), which adopts the Kemmis
and McTaggart model consisting of four interrelated stages: planning, action, observation, and
reflection. This study was conducted in the even semester of the 2024/2025 academic year at Al Fattah
Sungai Binjai Islamic Boarding School, located in Bungo Regency. The research subjects were 28
students of Class VIII, consisting of 18 male and 10 female students. The implementation of CAR was
carried out in one complete cycle, aimed at improving students’ learning outcomes through the
application of the Contextual Teaching and Learning (CTL) model in Natural Science subjects,
particularly focusing on simple plane materials. Each stage in the CAR process was designed
systematically to identify learning problems, implement action plans, monitor learning progress, and
evaluate the effectiveness of the applied teaching model in enhancing students’” understanding and
participation in class activities.

The data collection techniques used in this study included tests, observations, interviews, and
documentation. The test served as a primary instrument for measuring students’ cognitive learning
outcomes through a structured set of questions aligned with the learning objectives. The observation
method was used to record students” behaviors, engagement, and participation during the learning
process to gain a realistic picture of classroom dynamics. Interviews were conducted directly with
students and teachers to obtain qualitative insights into their perceptions and experiences regarding the
CTL-based learning implementation. Documentation techniques were used to collect supporting data
such as lesson plans, attendance records, and students” worksheets, which served as evidence of the
learning process. All collected data were analyzed using a combination of qualitative and quantitative
methods to ensure comprehensive and accurate findings related to the improvement of students’
learning outcomes and the effectiveness of the CTL model in fostering active learning.
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3. Results and Discussion

Results
Transformative Impact of the Contextual Teaching and Learning (CTL) Model on Science Learning
Outcomes

The implementation of the Contextual Teaching and Learning (CTL) model in the Natural Sciences
subject at Al Fattah Sungai Binjai Islamic Boarding School has resulted in a significant improvement in
students” overall learning outcomes. Conducted through two research cycles consisting of four
meetings, the findings demonstrate that students’ comprehension of simple machine concepts
developed substantially across cognitive, affective, and psychomotor domains. In the initial phase of the
study, students exhibited limited engagement and tended to depend heavily on teacher explanations.
However, as the CTL model was introduced, learning activities began to connect theoretical knowledge
with real-life experiences, making lessons more meaningful and interactive. Students became more
responsive, demonstrated curiosity, and showed enthusiasm during experimental sessions involving
simple tools such as levers and pulleys. The gradual increase in motivation and understanding indicated
that CTL effectively transformed the learning atmosphere into one that was more participatory and
student-centered, emphasizing the relationship between knowledge and its direct application in daily
life.

From a cognitive perspective, the research results showed a clear progression in students’
understanding of simple machine materials between Cycle I and Cycle II. Initially, during Cycle I, only
a small number of students achieved the Minimum Completeness Criteria, reflecting a limited grasp of
core concepts such as force, motion, and mechanical advantage. After reflection and adjustment in
teaching methods, the number of students who achieved mastery increased significantly in Cycle II. This
improvement highlights how CTL facilitates knowledge construction through contextual experiences,
where students relate new information to their prior understanding. They began to think analytically,
compare examples, and predict outcomes during class demonstrations. Moreover, the use of real objects
helped strengthen cognitive associations, allowing students to visualize and internalize abstract
scientific ideas. Their ability to explain physical phenomena and solve applied problems was a strong
indication that conceptual mastery was achieved through contextual and experiential learning practices.

The affective aspect of student learning also experienced a marked transformation throughout the
research process. At the start of Cycle I, students tended to show passivity, minimal initiative, and low
enthusiasm when interacting with learning materials. After the CTL model was applied, a noticeable
shift occurred in their motivation, attitudes, and collaboration with peers. Students began to show
higher levels of engagement and discipline, responding actively during discussions and group activities.
The contextual approach encouraged students to appreciate the relevance of the subject matter to
everyday life, increasing their intrinsic motivation to learn. This improvement in the affective domain
was evident through their willingness to ask questions, maintain focus, and assist classmates during
practical exercises. The supportive and participatory learning environment fostered by CTL also
strengthened students’” sense of responsibility, cooperation, and respect for others’ ideas, which are
essential values in holistic education.

In the psychomotor domain, students’ skills and practical competence developed in parallel with
their conceptual understanding. During initial sessions, many students appeared hesitant and lacked
confidence in manipulating experimental tools. However, by Cycle II, their performance improved
significantly as they became more adept at operating simple machine models, recording data accurately,
and drawing conclusions based on observation. The hands-on nature of CTL required students to
perform real tasks, such as constructing small lever systems or observing pulley mechanisms, which
deepened their comprehension through experience. This type of kinesthetic learning promoted
coordination, critical thinking, and systematic problem-solving. As students became actively involved
in the experimentation process, they learned not only to replicate teacher demonstrations but also to
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innovate in their approach. The improvement in psychomotor performance confirmed that contextual
learning effectively bridges theory and practice, making science education more dynamic and relevant.

The overall enhancement in students” cognitive, affective, and psychomotor domains illustrates
that the CTL model contributes to comprehensive learning development. Reflection activities conducted
at the end of each session allowed teachers and students to assess progress, identify weaknesses, and
plan for improvements in subsequent meetings. Teachers refined their instructional strategies by
incorporating more interactive tasks, using concrete examples, and presenting real-life challenges that
required collective problem-solving. Students also became more aware of their own learning process,
identifying areas they needed to strengthen and applying feedback to improve performance. This cycle
of planning, acting, observing, and reflecting provided a structured and sustainable learning
framework. It also cultivated a sense of autonomy and responsibility among students, preparing them
to engage in lifelong learning and adapt to various learning contexts beyond the classroom.

Based on the findings, it can be concluded that the implementation of the Contextual Teaching and
Learning model supported by concrete media significantly enhances students’ understanding and
performance in Natural Science subjects, particularly on the topic of simple machines. The CTL
approach successfully integrates conceptual, emotional, and practical dimensions of learning, leading
to a balanced educational experience. Students demonstrated not only mastery of theoretical knowledge
but also the ability to apply it meaningfully in real-life contexts. The contextual connection between
material and experience encouraged higher-order thinking, creativity, and collaboration. Furthermore,
the model promoted the development of positive character traits such as curiosity, discipline, and
teamwork. Overall, this study reaffirms that contextual learning is a powerful pedagogical approach
that transforms passive learners into active participants, bridging the gap between academic content
and its application in everyday human life.

Increasing Cognitive Aspect Learning Outcomes

The results showed a significant increase in students' cognitive learning outcomes. From 2 cycles
of 4 meetings, the percentage of completeness increased from 35.71% and 53.57% to 71.42% and 85.71%.
This increase indicates that the Contextual Teaching and Learning model is effective in increasing
students' understanding of the concept of simple planes, in accordance with the level of thinking in
Bloom's Taxonomy up to level C5. This emphasizes the importance of an approach that involves real
experience and critical activities in the cognitive learning process. The increase in cognitive aspect
learning outcomes can also be seen from the following table:

Table 1. Percentage of Complete Learning Outcomes Cognitive Aspect

Cycle I Cycle II
Meetingl Meeting Il Meetingl MeetingII
35,71% 53,57 % 71,42% 85,71%.

Table 2. Percentage of Bloom's Taxonomy Thinking Level Cognitive Aspect

Taxonomy Bloom Level

C1 Cc2 c3 c4 G5 Coé

Cycle I
Mtn | 82,14
gl %

Mtn | 8571 82,14
g % %

I
Cycle II
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Mtn | 89.28 82,14 8214

gl % % %

Mtn |92,85 8571 8571 821 8214
gll | % % % 4% %

The data presented in Tables 1 and 2 indicate a consistent and substantial improvement in students’
cognitive learning outcomes across the two research cycles. As shown in Table 1, the percentage of
students achieving complete learning outcomes increased markedly from 35.71% in the first meeting of
Cycle I to 85.71% in the second meeting of Cycle II. This steady progression reflects the effectiveness of
the Contextual Teaching and Learning (CTL) model in enhancing students’” conceptual understanding
of simple machine topics. Table 2 further elaborates this development through the lens of Bloom’s
Taxonomy. The results demonstrate that, in Cycle I, students” achievements were concentrated mainly
at the lower cognitive levels (C1 and C2), while in Cycle II, there was a noticeable expansion toward
higher-order thinking levels (C3-C6), with significant gains observed particularly at C4 (analyzing) and
C5 (evaluating). These findings confirm that the integration of CTL-based authentic assessment not only
strengthens students’ mastery of fundamental knowledge but also facilitates the gradual advancement
of cognitive complexity, leading to deeper, more meaningful learning experiences.

Increasing Affective Aspect Learning Outcomes

The results showed a significant increase in students' affective learning outcomes. From 2 cycles of
4 meetings, the percentage of completeness increased from 39.46% and 52.85% to 68.92% and 80.08%.
This increase indicates that the Contextual Teaching and Learning model is effective in increasing
students' motivation and emotional involvement in learning, which is an important component in
education. These results confirm that the contextual approach can foster positive attitudes and student
interest in Bloom's Taxonomy levels up to level A5. The increase in affective aspect learning outcomes
can also be seen from the following table:

Table 3. Percentage of Complete Learning Outcomes Affective Aspect

Cycle I Cycle II

Meeting Meeting I MeetingI Meeting II
I

39,46% 52,85%. 68,92% 80,08%.

Table 4. Percentage of Bloom's Taxonomy Thinking Level Affective Aspect

Taxonomy Bloom Level

Al A2 A3 A4 A5

Cycle ]

MtngI | 85,71%

MtngII | 85,71% 82,14%
Cycle II
MtngI | 89.28% 82,14% 82,14%

MtngII | 96,42% 92,85% 85,71% 82,14% 82,14%

The results summarized in Tables 3 and 4 reveal a progressive enhancement in students” affective
learning outcomes throughout the implementation of the CTL-based authentic assessment model. As
shown in Table 3, the percentage of students achieving complete affective outcomes increased from
39.46% in the first meeting of Cycle I to 80.08% in the second meeting of Cycle II. This steady upward
trend demonstrates that CTL activities effectively nurtured students’ positive attitudes, motivation, and
engagement toward learning science materials. Table 4 further illustrates that students’ affective
competencies evolved not only in frequency but also in depth, as reflected in their progression through
Bloom’s affective taxonomy levels —from basic responsiveness (A1, A2) in Cycle I to more advanced
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internalization of values (A3-Ab5) in Cycle II. The observed increases at the A4 (organization) and A5
(characterization) levels indicate that students began to internalize and demonstrate consistent
behavioral changes aligned with learning values. These findings suggest that CTL-based authentic
assessment fosters a meaningful transformation in learners” emotional and value-oriented domains,
encouraging sustained interest, collaboration, and a stronger sense of responsibility toward the learning
process.

Improving Learning Outcomes for Psychomotor Aspects

The results showed a significant increase in students' cognitive learning outcomes. From 2 cycles
of 4 meetings, the percentage of completeness increased from 38.97% and 52.51%. In cycle I it became
70.66% and 80.93% in cycle II. The application of the Contextual Teaching and Learning model which
involves practical activities and direct observation helps students develop better psychomotor skills.
This shows that contextual learning that involves physical and practical activities is effective in
improving students' motor skills in Bloom's Taxonomy levels up to P5 level. The increase in learning
outcomes for psychomotor aspects can also be seen from the following table:

Table 5. Percentage of Complete Learning Outcomes Psychomotor Aspect
Cycle I Cycle II

Meeting Meeting  Meeting Meeting II
I I I
38,97% 52,51%. 70,66% 80,93%.

Tabel 6. Percentage of Bloom's Taxonomy Thinking Level Psychomotor Aspect

Taxonomy Bloom Level

P1 P2 P3 P4 P5 Pé6
Cycle I
Mitngl | 82,14% 82,14
Mtng | 89.28% 82,14%
1I
Cycle IT
Mtng | 89.28% 85,71% 82,14%
|
Mtng | 96,42% 92,85% 85,71% 82,14% 82,14%
1I

The data presented in Tables 5 and 6 show a significant and consistent improvement in students’
psychomotor learning outcomes following the application of the CTL-based authentic assessment
model. As illustrated in Table 5, the percentage of students achieving complete learning outcomes rose
from 38.97% in the first meeting of Cycle I to 80.93% in the second meeting of Cycle II. This upward
trend indicates that the integration of contextual and performance-based learning activities effectively
enhanced students’ practical competence and skill mastery in operating simple machine tools. Table 6
provides further evidence of students” progressive development across Bloom’s psychomotor taxonomy
levels. During Cycle 1, student performance was primarily concentrated at the lower levels (P1-P2),
reflecting early stages of imitation and manipulation. By Cycle 1I, however, there was a marked shift
toward higher proficiency levels (P3-P6), indicating increasing coordination, precision, and
naturalization of learned motor skills. These findings confirm that CTL-based authentic assessment not
only strengthens procedural knowledge but also promotes active learning experiences that bridge
theory and practice, enabling students to internalize scientific concepts through hands-on
experimentation and real-world application.
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Discussion

The process of improving student learning outcomes using the contextual teaching and learning
model can be seen from: The First, constructivism is a philosophical basis or basis for thinking in CTL
which states that knowledge is not only obtained through facts, concepts and rules alone, but someone
must build their knowledge so that it is more meaningful with real experience (Bychkov et al., 2018).
Based on the theoretical description above (Chekroud et al.,, 2016), from the results of research
conducted by researchers in 2 cycles of four meetings (Desai, Wang, Vaduganathan, Evers, &
Schneeweiss, 2020), it is proven that using the Contextual Teaching and Learning model is able to build
concepts on simple aircraft material by students (Kumar, 2021). This was proven by the results of
practice in the field (Kadosh & Staunton, 2019). At the first meeting, the teacher put up a poster showing
various types of simple machines, such as a pulley at the project site (Rakaee et al., 2023), a person
pushing a cart, and a mother cutting vegetables and students observing (Islam, 2016). At the second
meeting, the teacher again put up posters showing various types of simple machines with more focus
on pulleys (Raita et al., 2019), such as pulleys in projects and wells. Students observe and digest
information (Lamb, Annetta, Firestone, & Etopio, 2018). At the third meeting, the teacher displayed
various types of simple planes in a more realistic form, such as toy cars, toy planes, and nails. The
teacher explains each object enthusiastically, and the students observe and digest the information
enthusiastically (Rakaee et al., 2023). At the fourth meeting, the teacher displayed posters and types of
simple planes in real forms, such as screws (Groulx, Brisbois, Lemieux, Winegardner, & Fishback, 2017).
The combination of posters and real objects helps students connect visual concepts to physical objects,
strengthening their understanding (Wei, Saab, & Admiraal, 2021). And students engage holistically in
learning, observing and digesting information from a variety of visual and tangible sources.

The constructivism stage above, we succeeded in building students' concept of knowledge about
simple planes through a gradual and comprehensive approach (Lu, Huang, Huang, & Yang, 2017).
Starting from visualization with posters, focusing on certain types, using real objects, to integration
between posters and real objects, all these stages succeeded in increasing student involvement (Hanauer
et al.,, 2017), curiosity and understanding. Teachers' use of vigorous demonstrations also plays an
important role in creating effective and engaging learning for students. The Second, asking is a teacher's
activity to encourage (Chekroud et al.,, 2016), guide and assess students' thinking abilities, while
discovering is a learning process that is based on the process of searching for discoveries through a
systematic thinking process (Bychkov et al., 2018), namely the process of moving from observation to
understanding so that students learn to use critical thinking skills (Desai et al., 2020). Based on the
theoretical description above, from the results of research conducted by researchers in 2 cycles of four
meetings, it is proven that using the Contextual Teaching and Learning model in asking and finding
activities can be done by students to discover the concept of simple airplane material. This was proven
by the results of practice in the field. At the first meeting, the teacher asked questions that stimulated
students to observe and explain the function of these tools. Through question and answer activities,
students identify that these tools make human work easier.

The teacher asked questions that encouraged students to give other examples of the use of pulleys
in everyday life. The question and answer continued with questions about the type of pulley. From this
activity, students realized that simple machines have several types and specific functions. In the third
meeting the teacher used real objects such as toys and nails to explain the concept of simple machines,
especially wheels with axles (Kumar, 2021). Questions are asked to relate real objects to learning
concepts (Kadosh & Staunton, 2019). At the fourth meeting the teacher repeated the approach using
posters and real objects, but this time focused on the inclined plane. Questions are asked to link previous
knowledge to current learning (Lamb et al., 2018). Students are asked to discuss inclined planes and
their relationship to simple planes in groups. From the activity of asking and finding the concept of a
simple plane above, it shows success in several aspects, namely: Students are actively involved in
observing, identifying, and relating the tools they see to the concept of a simple plane, students not only
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understand the function of these tools but also begin to classifying various types of simple machines,
such as pulleys and axle wheels (Raita et al., 2019), student involvement in discussions was very high,
indicating that the method of asking and discovering was effective in triggering curiosity and active
participation. Overall, this activity succeeded in building students' understanding of simple planes
through a gradual, concrete, and collaborative approach.

Learning communities are also defined as groups in learning, this is an effort to instill cooperation
with friends and utilize learning resources. Through learning communities, it is suggested that learning
is obtained by sharing with friends (Groulx et al., 2017), so that through sharing activities children will
get used to giving and receiving so that they will creates positive dependency traits. Based on the
theoretical description above, from the results of research conducted by researchers in 2 cycles of four
meetings (Wei et al., 2021), it is proven that using the Contextual Teaching and Learning model in
learning communities can increase collaboration between students on simple airplane material. This
was proven by the results of practice in the field at the first meeting (Lu et al., 2017). The teacher divided
the students into 4 groups to carry out further discovery activities regarding simple aircraft material
through textbooks with teacher guidance. It can be seen that only a few students actively participate in
group discussions (Hanauer et al., 2017). At the second meeting the teacher divided the students into 4
groups consisting of 7 people each. Each group was given a specific task: group 1 discussed fixed
pulleys, group 2 free pulleys, group 3 compound pulleys, and group 4 levers. Specific assignments help
each group focus on a particular topic, increasing the efficiency of discussions.

Meeting the teacher divided into 2 groups after joining the groups, each group was given a specific
task, group 1 discussed types of axle wheels and group 2 discussed the advantages of axle wheels in
everyday life. At the fourth meeting the teacher divided the students into 4 groups after joining the
groups, each group was given the same task to discover new knowledge about simple planes through
textbooks with teacher guidance (Bevilacqua et al., 2019). From the learning community activities above,
it shows various levels of success in increasing cooperation between students on simple plane material:
The division of specific tasks and focus on certain subtopics helps increase the effectiveness and
efficiency of group discussions (Turkki et al., 2019), with clear guidance and assignments, student
participation in group discussions increases (Casey & Goodyear, 2015), Although there is still room for
improvement in equitable engagement across groups (Bevilacqua et al., 2019), activities that link theory
with practical application help students understand concepts better and are relevant to everyday life.

Modeling in contextual learning is no longer the only source of learning for students, so modeling
can be used as an alternative to develop learning to help overcome teacher deficiencies (Wang, Li,
Mayer, & Liu, 2018). When learning certain skills or knowledge (Chen, Hwang, & Chang, 2019), there
needs to be a model that students can imitate (Kintu, Zhu, & Kagambe, 2017). Based on the theoretical
description above (Toftum et al., 2015), the results of the research conducted by the researcher during 2
cycles of four meetings were proven by using the Contextual Teaching and Learning model in modeling
in developing concepts on simple aircraft material by students (Cerasoli et al., 2018). This was proven
by the results of practice in the field (Lou et al., 2019). At the first meeting, the teacher invited the
students out of the classroom to do direct modeling and provided observation sheets (Peterson &
Mlynarczyk, 2016). The students walked around the school (Lakkaraju et al., 2015), watching people
using simple planes (Rakaee et al., 2023), they also exchanged ideas to understand the concept of simple
planes and their application in everyday life.

The teacher invited the students out of the classroom to do direct modeling (Boone et al., 2015),
providing observation sheets and rules that must be obeyed when making observations (Norgeot et al.,
2019). Students pay attention to objects that are included in simple machines such as pulleys and levers,
then exchange ideas to understand their types and applications (Fischer, Hilton, Robinson, & Wiley,
2015). Observations focused on pulleys and levers help students understand the specific types of simple
machines. At the third meeting the teacher invited the students out of the classroom to do direct
modeling using observation observation sheets. Students pay attention to objects that are included in
simple planes of the inclined plane type. And at the fourth meeting the teacher again invited the
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students out of the classroom to do direct modeling using observation observation sheets. Students pay
attention to objects that include simple machines such as pulleys, wheels with axles, inclined planes,
and levers, then exchange ideas to understand the concept and its application. The modeling activities
above show success in several important aspects: Expanding observations of various types of simple
aircraft gives students a more complete picture of the concept, direct observation of various types of
simple aircraft helps students connect theory with real applications, providing observation rules
increases discipline and regularity in make observations, which contribute to the success of the activity.

Reflections are a way to express to the client that the counselor is in the frame of reference and is
deeply involved in helping deal with the client's problems. Reflection has three areas, namely feelings,
experiences, and content. Based on the theoretical description above, from the results of research
conducted by researchers in 2 cycles of four meetings, it is proven that by using the Contextual Teaching
and Learning model, students can reflect on activities carried out on simple airplane material. This was
proven by the results of practice in the field at the first meeting. Students were given the opportunity
to share their observations with their group friends. They were still stiffly discussing their findings. This
discussion is a form of reflection activity, where students can internalize the information they have
received. At the second meeting students were given the opportunity to share their observations with
their group friends. They were still stiff about communicating their findings, so the teacher played a
stick throwing game by singing the song "There are 5 Balloons of Mine" to determine the group
representatives who would answer the teacher's questions. This game helps encourage students to dare
to ask questions and express their opinions.

At the third meeting students were given the opportunity to share their observations with their
group friends (Mehta et al., 2018). They have been more active in communicating their findings without
coercion as in previous meetings. And at the fourth meeting students were given the opportunity to
share their observations with their group friends (Evripidou et al., 2020). They have been very active
and flexible in communicating their findings both with their group friends, other groups, and with
teachers (Farashahi & Tajeddin, 2018). This activity is a form of reflection, where students can internalize
the information they have received (Cavanaugh & Jacquemin, 2015). The reflection activity above
shows success in several important aspects: From a stiff start to achieving communication flexibility
(Acquah & Katz, 2020), this reflection activity succeeded in developing students' communication skills
gradually, the use of games and other strategies to encourage students to ask questions and express
opinions succeeded in increasing their courage in communicating.

Research Recommendation This study highlights that assessment functions as an integrative and
comprehensive approach to evaluating students’ learning development by gathering diverse forms of
evidence —such as written tests, project reports, student artifacts, and performance-based tasks. Based
on findings from two research cycles and four structured learning sessions, the implementation of the
Contextual Teaching and Learning (CTL) model significantly enhances the quality and effectiveness of
authentic assessment in teaching simple machine concepts. The consistent improvements observed
across cognitive, affective, and psychomotor domains indicate that CTL fosters not only knowledge
acquisition but also deeper understanding, positive attitudes, and practical skill development.
Furthermore, CTL transforms the assessment process from a traditional, rote-oriented practice into a
dynamic and competency-based evaluation system (Huang, Lu, & Yang, 2023), emphasizing the
meaningful application of scientific concepts in real-life contexts (Villena-Taranilla, Tirado-Olivares,
Cozar-Gutiérrez, & Gonzélez-Calero, 2022). It is strongly recommended that science educators and
curriculum designers integrate CTL-oriented authentic assessment frameworks into instructional
practices, as such integration can cultivate higher-order thinking skills — particularly critical, creative,
and reflective reasoning—while promoting student engagement and lifelong learning dispositions.
Future research should further explore this model across diverse scientific topics and educational levels
to strengthen empirical evidence and ensure the sustainable implementation of CTL-based authentic

assessments in various learning environments.
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4. Conclusion

The findings of this study demonstrate that the implementation of the Contextual Teaching and
Learning (CTL) model in the Integrated Science subject on Simple Machines at Al Fattah Islamic
Boarding School significantly improved students’ learning outcomes across cognitive, affective, and
psychomotor domains. The use of CTL principles —constructivism, questioning, inquiry, learning
communities, modeling, reflection, and authentic assessment—created an engaging and meaningful
learning environment. Students actively constructed their knowledge through exploration and
problem-solving, leading to deeper conceptual understanding. The learning process became more
student-centered, allowing learners to connect scientific concepts to their daily experiences. As a result,
they demonstrated not only better test performance but also higher motivation and participation levels.
The continuous progress from the pre-cycle to Cycle II indicates a steady enhancement in all aspects of
learning. The proportion of students achieving mastery increased substantially in all domains, showing
that CTL promotes both intellectual and behavioral growth. Moreover, the model encouraged
collaboration and communication skills through group discussions and peer learning. These findings
highlight that CTL nurtures learners’ holistic development rather than focusing solely on content
mastery. Thus, CTL fosters the internalization of values, scientific attitudes, and practical competencies
in a balanced manner. This confirms that CTL provides an integrative framework that bridges
theoretical understanding with real-world application, enabling learners to contextualize knowledge
effectively. Ultimately, CTL empowers students to become reflective thinkers and lifelong learners.

From a practical standpoint, these findings suggest that educators should adopt CTL-based
authentic assessment frameworks to enhance student engagement and ensure that learning outcomes
genuinely reflect comprehensive competence. Such frameworks allow teachers to assess not only
students” cognitive achievements but also their emotional growth, creativity, and skill acquisition.
Integrating authentic assessments—such as portfolios, projects, and performance tasks —encourages
learners to demonstrate understanding through meaningful activities. This aligns with modern
educational paradigms emphasizing competency-based and student-centered learning. Moreover,
CTL’s adaptability allows it to be implemented in various science topics or interdisciplinary contexts,
providing a dynamic learning structure. Educators can tailor the CTL approach to meet diverse learning
needs and school environments, thereby promoting inclusivity and equity. For future research, it is
recommended to examine the long-term effects of CTL on students’ problem-solving and critical-
thinking abilities. Studies could also explore how CTL supports the development of scientific literacy
and environmental awareness. Furthermore, its scalability across different educational levels and
cultural contexts should be tested to ensure broad applicability. Comparative studies may be conducted
to evaluate CTL's effectiveness against traditional or inquiry-based models. By expanding this research,
CTL can contribute to a broader understanding of effective, evidence-based, and transformative
pedagogical innovations in 21st-century education.

Declarations

Author Contribution Statement

Nik Md Saiful Azizi Nik Abdullah conceptualized the research framework, designed the methodology,
and supervised the overall implementation of the study. Muhammad Wildan Shohib contributed to
data collection, formal analysis, and drafting of the manuscript. Both authors reviewed and approved
the final version of the manuscript for submission.

Funding Statement

This research received no specific grant from any funding agency in the public, commercial, or not-for-
profit sectors.

Data Availability Statement

The data that support the findings of this study are available from the corresponding author upon
reasonable request. No publicly archived datasets were generated or analyzed during the current study.
Declaration of Interests Statement

The authors declare that they have no known competing financial interests or personal relationships
that could have influenced the work reported in this paper.

Nik Md Saiful Azizi Nik Abdullah et.al, Enhancing Student Learning ... httpsy/10.57255/jemast.v4i1.1470 d4: 105



Journal of Educational Management and Strategy (JEMAST)
Vol. 04 No. 01 June 2025 pp, 95-108

Additional Information

Correspondence and requests for materials should be addressed to m.wildanshohib@gmail.com

ORCID

Nik Md Saiful Azizi Nik Abdullah
Muhammad Wildan Shohib

References

Acquah, E. O,, & Katz, H. T. (2020). Digital game-based L2 learning outcomes for primary through high-school
students: A systematic literature review. Computers & Education, 143, 103667.
https://doi.org/10.1016/j.compedu.2019.103667

Baber, H. (2020). Determinants of Students’ Perceived Learning Outcome and Satisfaction in Online Learning
during the Pandemic of COVID19. Journal of Education and E-Learning Research, 7(3), 285-292.
https:/ /doi.org/10.20448 /journal .509.2020.73.285.292

Bevilacqua, D., Davidesco, 1., Wan, L., Chaloner, K., Rowland, J., Ding, M., ... Dikker, S. (2019). Brain-to-Brain
Synchrony and Learning Outcomes Vary by Student-Teacher Dynamics: Evidence from a Real-world
Classroom Electroencephalography  Study. Journal of Cognitive Neuroscience, 31(3), 401-411.
https://doi.org/10.1162/jocn_a_01274

Boone, B. A, Zenati, M., Hogg, M. E., Steve, J., Moser, A. ]., Bartlett, D. L., ... Zureikat, A. H. (2015). Assessment of
Quality Outcomes for Robotic Pancreaticoduodenectomy. JAMA  Surgery, 150(5), 416.
https://doi.org/10.1001/jamasurg.2015.17

Bower, M., Dalgarno, B., Kennedy, G. E., Lee, M. ]. W., & Kenney, J. (2015). Design and implementation factors in
blended synchronous learning environments: Outcomes from a cross-case analysis. Computers & Education,
86,1-17. https:/ /doi.org/10.1016/j.compedu.2015.03.006

Bychkov, D., Linder, N., Turkki, R., Nordling, S., Kovanen, P. E., Verrill, C,, ... Lundin, J. (2018). Deep learning
based tissue analysis predicts outcome in colorectal cancer. Scientific Reports, 8(1), 3395.
https:/ /doi.org/10.1038 /s41598-018-21758-3

Casey, A., & Goodyear, V. A. (2015). Can Cooperative Learning Achieve the Four Learning Outcomes of Physical
Education? A Review of Literature. Quest, 67(1), 56-72. https:/ /doi.org/10.1080/00336297.2014.984733

Cavanaugh, J., & Jacquemin, S. J. (2015). A Large Sample Comparison of Grade Based Student Learning Outcomes
in Online vs. Face-to-Face Courses. Online Learning, 19(2). https:/ /doi.org/10.24059/ olj.v19i2.454

Cerasoli, C. P., Alliger, G. M., Donsbach, J. S., Mathieu, J. E., Tannenbaum, S. I., & Orvis, K. A. (2018). Antecedents
and Outcomes of Informal Learning Behaviors: a Meta-Analysis. Journal of Business and Psychology, 33(2), 203-
230. https:/ /doi.org/10.1007 /s10869-017-9492-y

Chang, W.,, Liu, Y., Xiao, Y., Yuan, X,, Xu, X., Zhang, S., & Zhou, S. (2019). A Machine-Learning-Based Prediction
Method for Hypertension Outcomes Based on Medical Data. Diagnostics, 9(4), 178.
https://doi.org/10.3390/ diagnostics9040178

Chekroud, A. M., Zotti, R. ]., Shehzad, Z., Gueorguieva, R., Johnson, M. K., Trivedi, M. H,, ... Corlett, P. R. (2016).
Cross-trial prediction of treatment outcome in depression: a machine learning approach. The Lancet
Psychiatry, 3(3), 243-250. https:/ /doi.org/10.1016/52215-0366(15)00471-X

Chen, M. A,, Hwang, G., & Chang, Y. (2019). A reflective thinking-promoting approach to enhancing graduate
students’” flipped learning engagement, participation behaviors, reflective thinking and project learning
outcomes. British Journal of Educational Technology, 50(5), 2288-2307. https:/ /doi.org/10.1111/bjet.12823

Cheng, L., Ritzhaupt, A. D., & Antonenko, P. (2019). Effects of the flipped classroom instructional strategy on
students’ learning outcomes: a meta-analysis. Educational Technology Research and Development, 67(4), 793-824.
https://doi.org/10.1007 /s11423-018-9633-7

Courtiol, P., Maussion, C., Moarii, M., Pronier, E., Pilcer, S., Sefta, M., ... Clozel, T. (2019). Deep learning-based
classification of mesothelioma improves prediction of patient outcome. Nature Medicine, 25(10), 1519-1525.
https://doi.org/10.1038 /s41591-019-0583-3

Desai, R. J.,, Wang, S. V., Vaduganathan, M., Evers, T., & Schneeweiss, S. (2020). Comparison of Machine Learning
Methods With Traditional Models for Use of Administrative Claims With Electronic Medical Records to
Predict Heart Failure Outcomes. JAMA Network Open, 3(1), €1918962.
https:/ /doi.org/10.1001/jamanetworkopen.2019.18962

Evripidou, S., Georgiou, K., Doitsidis, L., Amanatiadis, A. A., Zinonos, Z., & Chatzichristofis, S. A. (2020).

106 4 httpsy/ 10.57255/jemast.v4i1.1470 Nik Md Saiful Azizi Nik Abdullah et.al, Enhancing Student Learning ...


mailto:m.wildanshohib@gmail.com
https://orcid.org/0000-0003-1331-3252
https://orcid.org/0000-0003-1331-3252

Journal of Educational Management and Strategy (JEMAST)
Vol. 04 No. 01 June 2025 pp, 95-108

Educational Robotics: Platforms, Competitions and Expected Learning Outcomes. IEEE Access, 8, 219534~
219562. https:/ /doi.org/10.1109/ ACCESS.2020.3042555

Farashahi, M., & Tajeddin, M. (2018). Effectiveness of teaching methods in business education: A comparison study
on the learning outcomes of lectures, case studies and simulations. The International Journal of Management
Education, 16(1), 131-142. https:/ /doi.org/10.1016/j.ijjme.2018.01.003

Fischer, L., Hilton, J., Robinson, T. J., & Wiley, D. A. (2015). A multi-institutional study of the impact of open
textbook adoption on the learning outcomes of post-secondary students. Journal of Computing in Higher
Education, 27(3), 159-172. https:/ / doi.org/10.1007 /s12528-015-9101-x

Gatti, L., Ulrich, M., & Seele, P. (2019). Education for sustainable development through business simulation games:
An exploratory study of sustainability gamification and its effects on students’ learning outcomes. Journal of
Cleaner Production, 207, 667-678. https:/ /doi.org/10.1016/j.jclepro.2018.09.130

Groulx, M., Brisbois, M. C., Lemieux, C. J., Winegardner, A., & Fishback, L. (2017). A Role for Nature-Based Citizen
Science in Promoting Individual and Collective Climate Change Action? A Systematic Review of Learning
Outcomes. Science Communication, 39(1), 45-76. https:/ /doi.org/10.1177 /1075547016688324

Guo, P, Saab, N., Post, L. S., & Admiraal, W. (2020). A review of project-based learning in higher education: Student
outcomes and measures. International  Journal of  Educational  Research, 102,  101586.
https://doi.org/10.1016/j.ijer.2020.101586

Hanauer, D. 1., Graham, M. J., Betancur, L., Bobrownicki, A., Cresawn, S. G., Garlena, R. A, ... Zimmerman, A.
(2017). An inclusive Research Education Community (iREC): Impact of the SEA-PHAGES program on
research outcomes and student learning. Proceedings of the National Academy of Sciences, 114(51), 13531-13536.
https://doi.org/10.1073 / pnas.1718188115

Harley, J. M., Poitras, E. G,, Jarrell, A., Duffy, M. C., & Lajoie, S. P. (2016). Comparing virtual and location-based
augmented reality mobile learning: emotions and learning outcomes. Educational Technology Research and
Development, 64(3), 359-388. https:/ /doi.org/10.1007 /s11423-015-9420-7

Hilbert, A., Ramos, L. A,, van Os, H. J. A., Olabarriaga, S. D., Tolhuisen, M. L., Wermer, M. J. H., ... Marquering,
H. A. (2019). Data-efficient deep learning of radiological image data for outcome prediction after
endovascular treatment of patients with acute ischemic stroke. Computers in Biology and Medicine, 115, 103516.
https://doi.org/10.1016/j.compbiomed.2019.103516

Huang, A. Y. Q, Lu, O. H. T, & Yang, S. J. H. (2023). Effects of artificial Intelligence-Enabled personalized
recommendations on learners’ learning engagement, motivation, and outcomes in a flipped classroom.
Computers & Education, 194, 104684. https:/ /doi.org/10.1016/j.compedu.2022.104684

Islam, A. K. M. N. (2016). E-learning system use and its outcomes: Moderating role of perceived compatibility.
Telematics and Informatics, 33(1), 48-55. https:/ /doi.org/10.1016/j.tele.2015.06.010

Kadosh, K. C,, & Staunton, G. (2019). A systematic review of the psychological factors that influence neurofeedback
learning outcomes. Neurolmage, 185, 545-555. https:/ /doi.org/10.1016 /j.neuroimage.2018.10.021

Kintu, M. J., Zhu, C., & Kagambe, E. (2017). Blended learning effectiveness: the relationship between student
characteristics, design features and outcomes. International Journal of Educational Technology in Higher
Education, 14(1), 7. https:/ /doi.org/10.1186/s41239-017-0043-4

Kumar, J. A. (2021). Educational chatbots for project-based learning: investigating learning outcomes for a team-
based design course. International Journal of Educational Technology in Higher Education, 18(1), 65.
https://doi.org/10.1186/s41239-021-00302-w

La Cerra, C., Dante, A., Caponnetto, V., Franconi, I., Gaxhja, E., Petrucci, C,, ... Lancia, L. (2019). Effects of high-
fidelity simulation based on life-threatening clinical condition scenarios on learning outcomes of
undergraduate and postgraduate nursing students: a systematic review and meta-analysis. BM] Open, 9(2),
€025306. https:/ /doi.org/10.1136 / bmjopen-2018-025306

Lakkaraju, H., Aguiar, E., Shan, C., Miller, D., Bhanpuri, N., Ghani, R., & Addison, K. L. (2015). A Machine Learning
Framework to Identify Students at Risk of Adverse Academic Outcomes. In Proceedings of the 21th ACM
SIGKDD International Conference on Knowledge Discovery and Data Mining (pp. 1909-1918). New York, NY,
USA: ACM. https://doi.org/10.1145/2783258.2788620

Lamb, R. L., Annetta, L., Firestone, ]., & Etopio, E. (2018). A meta-analysis with examination of moderators of
student cognition, affect, and learning outcomes while using serious educational games, serious games, and
simulations. Computers in Human Behavior, 80, 158-167. https:/ /doi.org/10.1016/j.chb.2017.10.040

Lou, B., Doken, S., Zhuang, T., Wingerter, D., Gidwani, M., Mistry, N., ... Abazeed, M. E. (2019). An image-based
deep learning framework for individualising radiotherapy dose: a retrospective analysis of outcome

Nik Md Saiful Azizi Nik Abdullah et.al, Enhancing Student Learning ... httpsy/10.57255/jemast.v4i1.1470 4107



Journal of Educational Management and Strategy (JEMAST)
Vol. 04 No. 01 June 2025 pp, 95-108

prediction. The Lancet Digital Health, 1(3), €136-e147. https:/ /doi.org/10.1016/52589-7500(19)30058-5

Lu, O. H. T,, Huang, J. C. H,, Huang, A. Y. Q., & Yang, S. J. H. (2017). Applying learning analytics for improving
students engagement and learning outcomes in an MOOCs enabled collaborative programming course.
Interactive Learning Environments, 25(2), 220-234. https:/ /doi.org/10.1080/10494820.2016.1278391

Mehta, N., Chamberlin, P., Marx, R. G., Hidaka, C., Ge, Y., Nawabi, D. H., & Lyman, S. (2018). Defining the Learning
Curve for Hip Arthroscopy: A Threshold Analysis of the Volume-Outcomes Relationship. The American
Journal of Sports Medicine, 46(6), 1284-1293. https:/ /doi.org/10.1177/0363546517749219

Norgeot, B., Glicksberg, B. S., Trupin, L., Lituiev, D., Gianfrancesco, M., Oskotsky, B., ... Butte, A. J. (2019).
Assessment of a Deep Learning Model Based on Electronic Health Record Data to Forecast Clinical Outcomes
in Patients With Rheumatoid Arthritis. JAMA Network Open, 2(3), €190606.
https://doi.org/10.1001/jamanetworkopen.2019.0606

Peterson, D. C., & Mlynarczyk, G. S. A. (2016). Analysis of traditional versus three-dimensional augmented
curriculum on anatomical learning outcome measures. Anatomical Sciences Education, 9(6), 529-536.
https://doi.org/10.1002/ase. 1612

Raita, Y., Goto, T., Faridi, M. K,, Brown, D. F. M., Camargo, C. A., & Hasegawa, K. (2019). Emergency department
triage prediction of clinical outcomes using machine learning models. Critical Care, 23(1), 64.
https://doi.org/10.1186/s13054-019-2351-7

Rakaee, M., Adib, E., Ricciuti, B., Sholl, L. M., Shi, W., Alessi, J. V., ... Kwiatkowski, D. ]J. (2023). Association of
Machine Learning-Based Assessment of Tumor-Infiltrating Lymphocytes on Standard Histologic Images
With Outcomes of Immunotherapy in Patients With NSCLC. JAMA Oncology, 9(1), 51.
https:/ /doi.org/10.1001/jamaoncol.2022.4933

Salinas-Hernéndez, X. 1., Vogel, P., Betz, S., Kalisch, R., Sigurdsson, T., & Duvarci, S. (2018). Dopamine neurons
drive fear extinction learning by signaling the omission of expected aversive outcomes. ELife, 7.
https://doi.org/10.7554/ eLife.38818

Skrede, O.-]., De Raedt, S., Kleppe, A., Hveem, T. S., Liestol, K., Maddison, J., ... Danielsen, H. E. (2020). Deep
learning for prediction of colorectal cancer outcome: a discovery and validation study. The Lancet, 395(10221),
350-360. https:/ /doi.org/10.1016 /50140-6736(19)32998-8

Toftum, J., Kjeldsen, B. U., Wargocki, P., Men4, H. R., Hansen, E. M. N, & Clausen, G. (2015). Association between
classroom ventilation mode and learning outcome in Danish schools. Building and Environment, 92, 494-503.
https:/ /doi.org/10.1016/j.buildenv.2015.05.017

Turkki, R., Byckhov, D., Lundin, M., Isola, J., Nordling, S., Kovanen, P. E., ... Linder, N. (2019). Breast cancer
outcome prediction with tumour tissue images and machine learning. Breast Cancer Research and Treatment,
177(1), 41-52. https:/ / doi.org/10.1007 /s10549-019-05281-1

Van der Kleij, F. M., Feskens, R. C. W., & Eggen, T. ]J. H. M. (2015). Effects of Feedback in a Computer-Based
Learning Environment on Students’ Learning Outcomes. Review of Educational Research, 85(4), 475-511.
https:/ /doi.org/10.3102/0034654314564881

Villena-Taranilla, R., Tirado-Olivares, S., Cézar-Gutiérrez, R., & Gonzalez-Calero, J. A. (2022). Effects of virtual
reality on learning outcomes in K-6 education: A meta-analysis. Educational Research Review, 35, 100434.
https://doi.org/10.1016/j.edurev.2022.100434

Wang, F., Li, W., Mayer, R. E., & Liu, H. (2018). Animated pedagogical agents as aids in multimedia learning: Effects
on eye-fixations during learning and learning outcomes. Journal of Educational Psychology, 110(2), 250-268.
https://doi.org/10.1037 /edu0000221

Wei, X,, Saab, N., & Admiraal, W. (2021). Assessment of cognitive, behavioral, and affective learning outcomes in
massive open online courses: A systematic literature review. Computers & Education, 163, 104097.
https://doi.org/10.1016/j.compedu.2020.104097

Zacharis, N. Z. (2015). A multivariate approach to predicting student outcomes in web-enabled blended learning
courses. The Internet and Higher Education, 27, 44-53. https:/ /doi.org/10.1016/j.iheduc.2015.05.002

108 4 httpsy/ 10.57255/jemast.v4i1.1470 Nik Md Saiful Azizi Nik Abdullah et.al, Enhancing Student Learning ...



