Ramdani Z. et al. (2025). Improving the Cognitive Flexibility (CF) of Adolescent Students through Differentiated Instructions in
Indonesia, International Journal of Cognitive Research in Science, Engineering and Education (IJCRSEE), 13(1), 1-13.

Original scientific paper UDC:

159.922.82.072
Received: January 15, 2025. 37.091.31-'59.1/.2
Revised: March 16, 2025. d 110.23947/2334-8496-2025-13-1-1-13

Accepted: March 20, 2025.

"} Check for updates

Improving the Cognitive Flexibility (CF) of Adolescent Students
Through Differentiated Instructions in Indonesia

Zulmi Ramdani”™ ©, Deni Hadiana? ©, Misbah Fikrianto® ©, Novi Sylvia? ©, Nur Alia? ©, Andi Amri* ©, Handan Can®

"Institute of Social Science, Bursa Uludag Universitesi, Bursa, Turkiye; Faculty of Psychology UIN Sunan Gunung Djati
Bandung, Bandung, Indonesia, e-mail: 712345006@ogr.uludag.edu.tr

Pusat Riset Pendidikan, Badan Riset dan Inovasi Nasional (BRIN), Jakarta, Indonesia,

e-mail: deni.hadiana@brin.go.id, novi.sylvia@brin.go.id; nura027@brin.go.id,

$Fakultas Keguruan dan limu Pendidikan Universitas Islam Asy-Syafi'iyah, Bekasi, Indonesia, e-mail: misbah.fkip@uia.ac.id
*Department of Islamic Banking, Universitas Muhammadiyah PROF DR Hamka, Jakarta, Indonesia,

e-mail: andiamri@uhamka.ac.id

5Department of Psychology, Bursa Uludag Universitesi, Bursa, Turkiye, e-mail: handancan@uludag.edu.tr

Abstract: Students are expected to be adequately prepared to respond to technological advancements and complex
global challenges. In this context, cognitive flexibility plays a crucial role in facilitating the development of appropriate alternative
strategies. Previous research has identified several relevant learning activities aimed at enhancing cognitive flexibility. In the
context of differentiated instruction, cognitive flexibility is further elaborated through consideration of the individual uniqueness
of students, the learning situation, and the environment, making this concept particularly relevant to the educational setting
in Indonesia. Consequently, this study aimed to enhance the cognitive flexibility of adolescent students through differentiated
instruction training. A total of 70 adolescent students participated in a one-group pretest-posttest experimental design using
convenience sampling. The participants completed an informed consent form and engaged in training activities for approximately
4 weeks. The findings indicated that 66% of participants showed an increase in cognitive flexibility attitudes following the learning
intervention. Furthermore, inferential statistical analysis revealed significant differences between pretest and posttest results.
The differentiated instruction training proved effective in improving cognitive flexibility attitudes. This research has implications
for the development of effective learning models and provides recommendations for the enhancement of skills among adoles-
cent students, not only within the context of Indonesia but also for potential implementation in different cultures and locations.
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Introduction

The complexity of learning is subjecting individuals to increasingly challenging conditions. In this
context, the rapid advancement of technology with diverse global demands has intensified the complexity
of learning (Amir et al., 2020; Dargan et al., 2020; Oke and Fernandes, 2020). Even though learning was
conducted through a face-to-face classroom system, the concept has evolved into an open and distance
model. The presence of teachers has innovated through the many sources of contemporary and limitless
learning. The changes should be anticipated adaptively, solution-oriented, and sustainable to obtain opti-
mal learning outcomes. Therefore, a strong positive character and skills relevant to the various complexi-
ties must be shown (Ramdani et al., 2024; Zuhdiyah et al., 2024). One of them is cognitive flexibility skills
which are important for individuals to deal with various situations.

Cognitive flexibility increases the ability to adapt to existing complexities (Leimar et al., 2024). This
also improves performance in tasks that require adaptation to new rules or conditions (Tello-Ramos et al.,

2019). Recent research explained that cognitive flexibility was an important characteristic, specifically for
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students in carrying out the learning process (lonescu, 2012; Richard’s et al., 2021). Cognitive flexibility
plays a role in directing, establishing, and providing problem-solving strategies (Braem and Egner, 2018).
The variable describes the behavior of an individual and is directly related to the level of intelligence
(lonescu, 2012). However, it can be trained, developed, and optimized through a series of activities con-
nected to learning principles (Braem and Egner, 2018).

In several scientific research, cognitive flexibility was analyzed from various perspectives. From a
psychological perspective, cognitive flexibility is a positive character obtained from a continuous learning
process accompanied by reinforcement from the environment an individual grows and develops (Dennis
and Vander Wal, 2010; lonescu, 2012). Cognitive flexibility is based on basic associative learning mecha-
nisms conditioned by simple incentives and influenced by bottom-up contextual cues, including subliminal
cues (Braem and Egner, 2018). From a medical and neuroscience perspective, cognitive flexibility is
acquired due to genetic results, innate intelligence, and optimal function in the brain (Dajani and Uddin,
2015; Kehagia et al., 2010; Masley et al., 2009). Additionally, it is supported by a distributed network
through the integration of the frontal, temporal, and parietal lobes in the brain (Dajani et al., 2020; Uddin,
2021).

Cognitive flexibility is seen as an important skill for individuals to survive in the complexities of life to
achieve optimal learning (Dajani and Uddin, 2015; lonescu, 2012). Several researchers have tried to find
strategies used to improve the concept. From a health perspective, cognitive flexibility can be improved
through aerobic activity (Masley et al., 2009), fitness, and monitoring (Themanson et al., 2008), as well as
dancing activities (Coubard, 2011). This has been shown to support daily life functions such as reducing
symptoms of depression and eating disorders (Duriez et al., 2021). In social science, specifically educa-
tion, many learning methods can be used to improve skills, such as metacognitive training (Buttelmann
and Karbach, 2017), reasoning training (Scheibling-Séve et al., 2022), as well as technology-based learn-
ing activity and innovation (Wang and Jou, 2023). This research has succeeded in increasing the cogni-
tive flexibility of participants in the implementation.

Intervention through training programs can significantly increase individual cognitive flexibility. The
training has a direct effect since the goals to be achieved must be specific (Van Bers et al., 2020). In ad-
dition, the development can vary across different cultural contexts. Hence, curriculum design needs to
consider individual experiences (Legare et al., 2018). In the Indonesian context, cognitive flexibility is very
important because curriculum changes are often a major problem facing the world of education. These
changes require many aspects, starting from the readiness of schools, teachers, and students (Ramdani.,
2022; Wigati et al., 2023). Increased accessibility and more visionary educational reform goals compel
students in Indonesia to strive harder to acquire these skills (Warsihna et al., 2023). In addition, the diverse
demographic differences in the regions, characteristics of the learning environment, and unequal resourc-
es are additional predictors of the importance of strengthening cognitive flexibility (Ramdani et al., 2021).

Cultural variations have been reported through the diversity of individual executive function devel-
opment. In the US, rule-switching flexibility shows an increase in early childhood, in contrast to children
in South Africa. Rule-switching flexibility depends on certain types of cultural experiences, while word-
learning flexibility, is less culturally varied (Legare et al., 2018). Research on cognitive flexibility is often
associated with problem-focused coping and the role of other learning variables (Aprianto et al., 2021;
Oktaviani et al., 2021). Experimental research including cognitive flexibility was conducted Aprianto et al.
(2021), but the procedures carried out were not clearly described. Therefore, a clear picture of the right
learning model has not been provided for improving cognitive flexibility.

The diversity in various aspects of education, coupled with the current independent curriculum
policy opens up opportunities to learn with a differentiated instruction model. In this context, differenti-
ated instruction emphasizes the excellence and diversity of students as the main benchmark in providing
learning relevant to the conditions (Kahmann et al., 2022; Sharp et al., 2020). Theoretically, this principle
further strengthens the function of cognitive flexibility. Teachers can provide a variety of activities requiring
students to learn actively and adaptively. Students can also be trained by using the abundant environ-
mental resources. Therefore, there is a rationale for considering differentiated instruction as a learning
strategy in line with independent curriculum policy and cognitive functions in students.

Differentiated instruction is a relevant learning model to be applied in improving cognitive flexibility.
Based on research on human cognitive architecture, cognitive flexibility is related to the interaction of
information stored in memory (Eriksson et al., 2015; Sylvia, 2019). Teachers can design learning activities
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related to the diversity of children such as interests and talents, learning styles, as well as experiences
(Ramdani et al., 2022), including background knowledge. The initial conditions of learning are information
schemes that have been formed in long-term memory and should be repeated during the learning process
to increase the complexity of existing information (Hartshorne and Makovski, 2019). This process will
influence learning and self-efficacy, leading to improvement (Wang and Jou, 2023).

The differentiated learning model is fairly complex because the concept includes a specific part
of the individual and the resources possessed. Several activities carried out in differentiated learning
have a direct role in training responsiveness to be ready to face existing academic problems (Variacion
et al., 2021). Students will be taught skills in conducting self-evaluation, self-reflection, and using lim-
ited resources more optimally (Griful-Freixenet et al., 2020; Seddon et al., 2021; Variacion et al., 2021).
Therefore, activities in differentiated learning strive to strengthen cognitive flexibility (Griful-Freixenet et
al., 2020, 2020; Seddon et al., 2021; Variacion et al., 2021).

According to Veraksa et al. (2020), differentiated instruction given to elementary school students
through identical activities can improve cognitive functions. Another research reported that cognitive abili-
ties were improved through differentiated instruction by considering readiness and adjustment to different
contexts, situations, and individuals (Stollman et al., 2019). In Indonesia, there has been no research that
directly identifies the effectiveness of providing differentiated instruction. In developing cognitive flexibility,
students of school age or categorized as adolescents tend to learn faster than adults, with changes in
processing in the anterior insula of individuals (Hauser et al., 2015). Therefore, this research aimed to de-
termine the effectiveness of differentiated instruction training in improving cognitive flexibility in students.
More comprehensive recommendations are provided with an effective program model for improving the
cognitive flexibility needed by Indonesian students.

Materials and Methods

Research Design and Ethical Approval

This research uses an experimental method with a one-group pretest-posttest design model (Knapp,
2016). The experimental model is used to measure the intervention given to a group of participants by com-
paring the values at the beginning and the end of the measurement. The experiment was carried out by
measuring the initial conditions of the participants. At a certain time, the participants were given treatment
predicted to improve initial conditions to be more optimal. After the intervention was given, measurement
was carried out using the same instrument to determine the final condition. The significance of the changes
will determine the success or failure of the experiment. To minimize bias in measurement, the research-
ers ensured that the experimental study was conducted objectively in terms of manipulation, observation,
and control. Additionally, this study was overseen by an ethics committee responsible for ensuring that
the activities were conducted in accordance with established research ethics. This research has received
approval and passed the feasibility test by the Social Sciences and Humanities Ethics Commission of the
National Research and Innovation Agency (BRIN) of Indonesia with number 173/K3.01/SK/04/2023.

Participants

The research populations were students at one of the Junior high schools in Bandung City. These
individuals are at the adolescent development level where the optimization of cognitive function becomes
very important, specifically in supporting the opportunity for academic success (Herting and Chu, 2017;
Steinberg, 2005). The number of participants in the population was 500 (180 students in grade VII, 170
in grade VIII, and 150 in grade XI). In addition, participant willingness sheets were distributed to obtain
students willing to be part of the research. The researchers provided an informed consent form that clearly
outlines the agreement between the researchers and participants. This includes the benefits that partici-
pants may gain, the limitations of the study, as well as the freedom to withdraw from the study at any time
as per the agreed terms. Since the participants are still in their adolescent years, we also ensured that
permission was obtained from the school, teachers, and parents involved.

The selection method used a convenience sampling system to obtain suitable samples (Bhardwaj,
2019; Etikan, 2016). In this study, the sample consisted of individuals who voluntarily agreed to participate
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in the research. This study employed a one-group approach because the researchers aimed to provide a
comprehensive intervention to all participants, and therefore, no participants were assigned to a control
group. However, the researchers will still selectively filter the data based on the completeness of the in-
formation provided by the participants.

Measurement Instrument

The Cognitive Flexibility Inventory developed by Dennis and Vander Wal (2010) was used to meas-
ure cognitive flexibility in participants. This instrument measures the attitude in facing challenges and
changing maladaptive thoughts for the better. The instrument consists of 20 items that measure 3 dimen-
sions of individual cognitive flexibility, namely, the tendency to embrace difficult situations, the ability to
accept alternative explanations, and the ability to apply alternative solutions. There are 7 alternative
answers provided in the instrument ranging from 1-7. A score of 1 shows that the individual strongly
disagrees with the statements and conditions given in the instrument. Meanwhile, a score of 7 indicates a
strong agreement with the statements.

The instrument used was first adapted into Indonesian in adjusting to the language and culture
of the participants. This adaptation process refers to the guidelines explained by Beaton et al. (2000),
namely translation, synthesis, back translation, expert committee review, and pretesting. The research
comprised two expert translators who had more than 2 years of cultural experience abroad and six ex-
perts conducting the final review of the adaptation instrument. The final instrument was first tested on
1375 adolescent students, producing a reliability coefficient of .797 and showing a fit model in the validity
test with confirmatory analysis.

Experimental Procedure

The experimental activities were carried out through the preparation, implementation, and evalu-
ation phases. The preparation phase starts with selecting a trainer, namely a teacher who has a back-
ground in science expertise at each class level. These characteristics were selected based on several
previous research where the implementation of differentiated instruction is effective in science subjects
(Mathematics, Biology, Physics, and Chemistry). This is because the learning practices are operational
and integrate natural resources around the school environment (Sharp et al., 2020; Tomlinson and Jarvis,
2009). After getting a teacher as a trainer, the research team provided training and reinforcement regard-
ing the urgency and use of the differentiated instruction guidebook. At the end of the phase, the trainer
made a plan and schedule for implementing the experiment and identified factors affecting the final re-
sults. For further details, please see Figure 1, which shows the experimental scheme.

Ve

¢ Selecting Trainers (Teachers)
Preparation * Breafing a Guideline
« Teachers' Traini

* Pretest
Implementation | ¢ Implementing Guideline Books
—:> ¢ Observation and Control

Figure 1. Experimental Scheme
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The implementation phase begins by carrying out activities based on the differentiated instruction
guidebook. This experimental research was conducted using a validated guidebook. The guide has been
provided in soft file form, and the manuscript is published in international proceedings (Ramdani et al.,
2022). This instruction guidebook contains general concepts, implementations, and learning practices
based on the principle of differentiated learning. The guidebook consists of 7 parts covering the general
concept of instruction, learning planning strategies, design, implementation, determining time, identifying
learning complexity, and integrating diversity. In each part, there is a worksheet used by teachers to evalu-
ate the learning process. Detailed information for each section will be explained in Table 1 below.

Table 1. Summary of Differentiated Learning Guidebook Activities

No Book Section Activity Time

1 General Concept of Instruction  Introduction of concepts and their integration with subject matter Week 1
2 Learning Planning Strategies  Identifying the learning strategies to be used Week 1
3 Learning Design Design in detail every activity that will be carried out Week 1
4 Determining Time Make a detailed schedule Week 1

Implementation of learning in class with elaboration of material and

5  Learning Implementation student conditions Week 2-4
6  Learning Complexity Identification of difficulties and relevance of classroom atmosphere ~ Week 2-4
7 Integrating Diversity Integration of student needs with learning targets and designs Week 2-4

Note. The time information given in this book may be adjusted to the field conditions found by the teacher during the experi-
mental process.

The differentiated instruction guidebook has been tested through 2 stages (Ramdani et al., 2022).
The first stage was evaluated by experts consisting of lecturers, education practitioners, and external
supervisors to obtain input in terms of theoretical framework and implementation. Meanwhile, the second
stage of testing was carried out on teachers in 4 different schools as a strategy to determine the read-
ability and usability of the book in learning. The results of the second stage of testing improved the quality
of the guidebook to be more practical and on target (Ramdani et al., 2022).

This experimental activity was performed in 3 different classes at the same level (VII, VIII, and IX).
The formation has also been agreed on with the school without interfering with normal learning. In ad-
dition, the experimental activity was carried out in the first month of the new semester of learning since
the school was in the initial administration process. This experiment was performed for 4 weeks, with 2
days each week used by the trainer to implement the guidebook. Implementation was carried out with the
learning materials provided by the trainer in class. The trainer was asked to make documentation in the
form of photos, activity reports, and general notes on attitudes and behavior during the intervention. This
is useful in helping and strengthening the analysis and interpretation process (Baroroh et al., 2024; Rafida
and Astuti, 2024). In the final phase, the research collects the results of filling out the questionnaire at the
pretest and posttest stages. Additionally, the trainer evaluated the experimental process, and the raw data
obtained was prepared for analysis according to the research objectives.

Data Analysis and Interpretation

The data obtained will be analyzed descriptively and inferentially. Descriptive analysis is used to
describe the percentage of participant achievement in filling out the questionnaire. Meanwhile, inferential
analysis is used to determine the effectiveness of the intervention given to the experimental group. To
facilitate the analysis of descriptive and inferential data, the research used SPSS 27 software. Addition-
ally, Rasch Model analysis was conducted using Winstep 3.65 software to ensure unbiased data and
identify changes in participant performance. Changes in individual student attitudes were determined by
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comparing the pretest and posttest logit (measure) values using the Stacking Rasch Model (Bond and
Fox, 2015). The intervention can improve psychological variables in participants when the analysis results
are significant (P <.05).

Results

Participant Demographics

Atotal of 120 students filled out the consent form provided and only 70 filled in the data completely.
Demographic data from the 70 participants are presented in Table 2.

Table 2. Participant Demographic Data

Category Frequency Percentage (%)

Gender

Male 35 50

Female 35 50
Age

12 years 20 28.6

13 years 25 35.7

14 years 21 30

15 years 4 5.7
Class Level

Class VI 21 30

Class VI 25 35.7

Class IX 24 34.4

Based on Table 2, the number of male and female participants is the same. From the age data, par-
ticipants in the 13 and 15-year-old groups reach 35.7% and 5.7%, respectively. The age of the participants
ranges from 12 to 15 years old at the adolescent development level (Zhang et al., 2016). Based on the
class level, there was no significant difference since the categories were in the range of 30%.

Student Achievement Fluctuation Pretest and Posttest

The raw scores obtained by participants during the pretest and posttest were analyzed using the
Rasch Model to obtain the logit value (See Figure 2). In this context, the logit value is a new unit produced
by the analysis as the initial answer given in filling out the scale. Therefore, this value can be used as data
to be analyzed (Bond and Fox, 2015; Wright, 1977).

35
3
2,5
: |
f\

Li A o - i . ? A

\ [ A WAt . g
TN AWy VA TATOR' & S TATAR ' T
0 | H L, T4

——
05 01234567891012343 &'EL&SE(P_RZIQEEEE%GBBE&BBB@&%%ME@21815(5555‘555752556335:5$$76$9'0
-1

Note. Red Line> Pretest Score and Blue Line> Posttest Score

Figure 2. Changes in Participants’ Cognitive Flexibility Scores
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According to Figure 2, the red and blue lines show the measurements before and after the inter-
vention. Descriptively, there were different changes between one participant and another. However, when
viewed, there were 46 participants (66%) who experienced an increase in cognitive flexibility scores dur-
ing the research process. The results of the score changes were carried out by comparing the size of the
pretest and posttest logit (measure) values using the Stacking Rasch Model (Wright, 1977). The analysis
showed that the average value of participants in the pretest measurement was 0.601 and 0.798 in the
posttest, with a change score of 0.196. A normality analysis was performed to determine the distribution
of data before conducting a difference test.

Table 3. Results of the Data Normality Test

Kolmogorov-Smirnov Shapiro-Wilk

Statistic df Sig. Statistic df Sig.
Pretest .096 70 187 971 70 .099
Posttest 152 70 .000 891 70 .000
Pretest-Posttest 109 140 .000 925 140 .000

In Table 3, the normality test is performed to determine the normal distribution of data. A test per-
formed on a single group using Kolmogorov-Smirnov or Shapiro-Wilk analysis shows that only the pretest
datais normal. This is indicated by a significance value above the standard (p>.05). Meanwhile, when the
analysis is performed on a combined group (Pretest-Posttest), the results are not significant (p<.05). Fur-
ther analysis should be carried out using the Wilcoxon Signed Ranks Test to determine the significance
of changes in abnormal data.

Table 4. Results of the Pretest and Posttest Difference Test

N Mean Rank Sum of Ranks z Sig.
Negative Ranks 24 31.73 761.50 -2.815 .005
Positive Ranks 46 37.47 1723.50
Total 70

Note. Asymp Sig. (2-tailed)

Based on the information in Table 4, the number of participants who experienced an increase and
decrease in score was 46 and 24 individuals, respectively. The significance results showed a score of
.005 (p <.05) (Hair et al., 2019). From these results, there was a significant change from the pretest to the
posttest score. Interpretatively, these results show that intervention in the form of discovery learning can
increase cognitive flexibility in adolescent students in this research.

Discussions

This research was conducted by implementing a learning program based on a guidebook created
in previous research. In general, a guidebook aims to provide the most practical information possible from
a learning concept into a more operational activity for users. The differentiated instruction guidebook was
able to contribute significantly to increasing the cognitive flexibility of adolescent students. This certainly
shows the relevance between the intervention given and the target behavior. Consistency between the
form of intervention and the content being measured is an absolute in experimental research (Gopalan et
al., 2020; Jiménez-Buedo and Russo, 2021).

An advantage of an experimental design using only one group is allowing participants to obtain the
required positive intervention (Chen et al., 2021; Little et al., 2020). In practice, differentiated instruction
contains operational steps that help students master a lesson in class by considering abilities and support-
ing resources. In several activity sessions, the teacher allows students to work on assignments according
to the learning type. Students with a visual learning type can create assignments using certain illustrations.
The activities are not only humanistic for students but can be a stimulus to activate cognitive functions in
learning (Pham, 2011; Veraksa et al., 2020). So that their cognitive flexibility abilities can be further honed.

www.ijcrsee.com


www.ijcrsee.com

Ramdani Z. et al. (2025). Improving the Cognitive Flexibility (CF) of Adolescent Students through Differentiated Instructions in
Indonesia, International Journal of Cognitive Research in Science, Engineering and Education (IJCRSEE), 13(1), 1-13.

Based on the results of the comparison between the pretest and posttest, there was an increase in
cognitive flexibility scores in students with a percentage of 66%. This number has exceeded the average
percentage value statistically. Therefore, the majority of students obtained an increase in cognitive flex-
ibility because of the differentiated instruction given. Several factors that contribute to the increase can
be explained in different situations. First, student participation in the experimental activity is based on a
needs analysis, hence the students are enthusiastic and possess the willingness to change for the better
(Ma, 2020; Sun et al., 2021).

The results of observations made by the teacher as a trainer obtain several inspirations when imple-
menting differentiated instruction in the classroom. In addition to the method used being more comprehen-
sive in capturing diversity, teachers also get a picture of more enthusiastic students. Since the basic princi-
ple of differentiated instruction is to use surrounding resources as learning inspiration, the model can also
improve creativity, collaboration, and other cognitive functions such as cognitive flexibility, critical thinking,
and problem-solving (Ginja and Chen, 2020; Magableh and Abdullah, 2021; Pozas et al., 2023). Therefore,
activities carried out in class using differentiated instruction will strengthen the psychological variables.

The success of this research is also largely determined by the skills possessed by the trainers.
As teachers and trainers in implementing this experiment, many factors contribute to the success of the
experiment. Teachers are the main key in implementing the education curriculum, hence the ability to
capture existing policies adjusted to the situation in the classroom is a privilege (Kneen et al., 2023). The
differentiated instruction guidebook provided in this experiment is a practical book for translating the cur-
rent curriculum into actual language and learning activities (Ramdani et al., 2022b). Great teachers are
those who can theoretically understand the concept of differentiated instruction and manifest the concept
in adaptive classroom learning. Therefore, teachers as trainers also make a total effort to provide inter-
vention to students. The guidebook promotes the implementation of the current education curriculum.
Some worksheets and evaluations can be used to measure the learning process carried out to easily
assess students.

The improvement results were strengthened by significant inferential analysis (p > .05). There
was a significant difference between the pretest and posttest results of the participants. In this research,
intervention in the form of differentiated instruction can be an effective strategy for increasing cognitive
flexibility. Cognitive flexibility can be strengthened through an effective learning process. However, the
measurements carried out in this research only included individual attitude factors. These attitude factors
are measured through self-report instruments in several psychological statements. In the implementation,
the biases affected small aspects of the experiment (Giromini et al., 2022; Van Berkel et al., 2020). For
example, only 66% of participants in this research were obtained and others experienced a decrease
in the cognitive flexibility index. Factors such as child readiness and the conduciveness of the learning
environment were also considered with the potential bias arising from the use of self-report instruments
(Ejelév and Luke, 2020; Plucker and Makel, 2021; Van Berkel et al., 2020).

The results of data normality show that the distribution of data is not normal but statistically valid. The
differences in class levels also contribute to the abnormality of the data with filling out self-reports which tend
to be subjective. There are 3 different class levels in the experimental group. A different analysis was not
conducted because each level has different challenges (Alcantara et al., 2017). Meanwhile, the research
time conducted within 1 month is also important in considering the learning process applied comprehensively.

This study makes a significant contribution to the provision of effective interventions within the educa-
tional system in Indonesia. However, more universally, this study could be conducted in the context of more
heterogeneous cultures and countries, and even with different age groups or participant categories. The
theoretical model derived in this study can be applied within the context of local wisdom. This means that
when the experiment is to be replicated in different contexts, it is certainly possible, but it should first involve
adapting the teaching materials and considering the differences in participant characteristics specific to
each country. Many studies have successfully replicated such experiments in various contexts. The success
of these replications is undoubtedly influenced by several factors, including the relevance and consistency
of the philosophical principles used, the accuracy and rigidity of the methodology, the implementation proce-
dures, and the critical evaluation of successes and failures in previous related studies (Kim, 2019; Plucker
and Makel, 2021). Considering these factors, this study has the potential to be applied across cultures.

The development of differentiated instruction interventions to improve cognitive flexibility will not
stop with this study alone. Further studies are needed to strengthen both the results and the weaknesses
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identified. This study was conducted within the local school context, but it can be expected to serve as an
alternative model at the global level for educational policy development. Furthermore, the issue of cogni-
tive flexibility addressed in this study is a critical aspect that has become a concern for the government
to improve. Thus, this study could serve as an alternative approach to developing these skills. However,
many challenges may arise in the implementation process, such as the need for a deep understanding
among teachers in various regions regarding the concepts presented. One of the limitations in Indonesia
is the difference in the educational structure across regions, which heavily depends on the availability of
qualified human resources. Meanwhile, the considerable cost required for numerous training programs
will also be an important consideration in this context. If all aspects of education are willing to collaborate
to improve the quality of education, then the program developed based on this study could become the
best solution for advancing education in Indonesia.

This research has several limitations that can be used in the future as reference material. The
number of participants is high for 1 class (70 students), which is considered to affect the learning climate
and student performance. Theoretically, there is an effective limit to the number of students in 1 class to
learn (Khan and Ghosh, 2021). Future research should increase the number of classes when used as a
control group. Meanwhile, the learning process carried out in 1 month should be improved concerning the
administrative process.

Conclusions

In conclusion, this experimental research emphasized the role of differentiated instruction in im-
proving cognitive flexibility in adolescent students in Indonesia. The results provided a clear picture of
classroom learning practices and activities carried out by teachers as an effective strategy for improving
skills. Cognitive flexibility could be optimized as an important characteristic for adolescent students in this
modern era. However, the strategy could be relevant to the current curriculum policy in training cognitive
aspects with the existence of a learning model such as differentiated instruction. Even though this re-
search was conducted in the context of Indonesian schools, the existing learning model could be applied
on a global basis due to the nature of differentiated instruction. Therefore, this research could be a best
practice in implementing effective learning, as well as strengthening the uniqueness of the students.
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