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INTRODUCTION

Education under the Kurikulum Merdeka (Independent Curriculum) necessitates innovation in
teaching materials that are not only capable of delivering content but also effectively developing Higher
Order Thinking Skills (HOTS) in students (Sappaile et al., 2024). These skills, which encompass the
abilities to analyze, evaluate, and create, are becoming crucial competencies for facing 21st-century
challenges (Anderson et al., 2023). In chemistry learning, HOTS is manifested in the student's ability
to analyze chemical data, evaluate experimental results, and synthesize solutions to contextual
problems, such as determining the quality of fermented products based on pH and acid-base equilibrium
(Santoso et al., 2021).

However, data from the Programme for International Student Assessment (PISA) in 2022
indicates that Indonesian students' scientific literacy remains at a low rank, suggesting difficulty in
solving problems that demand high-level reasoning (OECD, 2023). This phenomenon is also reflected
in chemistry learning, where the abstract nature of material, such as the concept of acid and base, often
becomes an obstacle for students to achieve deep conceptual and applicative understanding (Utami et
al., 2020). One of the reasons for the low attainment of HOTS is the dominance of conventional teaching
materials which primarily focus on the mastery of basic concepts and have not optimally bridged the
gap between theory and the students' real-life context (Chun & Abdullah, 2019; Kamilia, 2025).

In response to this issue, several studies have explored the use of local context and local wisdom
as a strategy to enhance chemistry learning outcomes. Research by Bortnik et al. (2021) and Minata et
al. (2022) demonstrated that context-based chemistry instruction grounded in local phenomena can
significantly improve students’ conceptual understanding and analytical skills. Similarly, Irhasyuarna
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et al. (2022) reported that the integration of local wisdom in science learning fosters students’ critical
thinking and engagement. These studies collectively confirm that local context can function as an
effective bridge between abstract scientific concepts and students’ lived experiences.

However, a closer examination of previous research reveals several important limitations. First,
most existing studies emphasize improvements in conceptual understanding and analytical skills (C4),
while relatively few explicitly investigate higher cognitive dimensions such as evaluation (C5) and
creation (C6). Zainuddin et al. (2025), for instance, found that contextual learning tends to produce
stronger gains in analysis than in evaluation or creativity. Second, in many studies, local wisdom is
positioned primarily as an illustrative example or supporting context, rather than being systematically
embedded into the learning syntax and assessment instruments designed to train HOTS. Third, research
focusing specifically on acid—base material within the framework of the Kurikulum Merdeka and using
local fermentation phenomena as the core learning context remains limited.

Addressing these gaps and to address the challenge of students' low higher-order thinking skills
in chemistry, this study developed and tested the effectiveness of an innovative chemistry teaching
module that systematically integrates local wisdom into acid-base material. This research stems from
the need for contextual and meaningful teaching materials, aligned with the Merdeka Curriculum
(Independent Curriculum), which provides flexibility for educators to utilize local potential as learning
resources. The integration of local context is expected to bridge the gap between abstract chemistry
concepts and students' real-life experiences.

The local wisdom explored in this study is the fermentation phenomenon developing in Bintan
Regency, such as the production of cencalok (rice cake), bekasam (rice cake), tapai (tapai), and
pineapple vinegar. This context serves as the primary context for learning the concepts of acid-base,
equilibrium, and pH determination (Riza et al., 2020). This context serves as a concrete bridge, enabling
students to connect theoretical concepts with everyday phenomena they are familiar with. This approach
is based on constructivism theory, which emphasizes that learning is more effective when new
knowledge is constructed through students' real-life experiences and environments (Liliasari et al.,
2018).

The novelty of this research lies in the development of a chemistry teaching module based on
local fermentation wisdom, specifically designed to train higher-order thinking skills at the levels of
analysis, evaluation, and creation in a single learning unit. Unlike previous studies that generally
position local wisdom as an illustration or supporting context, this module integrates the fermentation
phenomenon completely into the learning syntax and HOTS evaluation instruments. Thus, this research
not only enriches the study of contextual learning but also provides an innovative teaching material
model that is relevant, applicable, and oriented towards the development of students' HOTS.

Therefore, the primary objective of this research is to develop and test the effectiveness of the
Chemistry Teaching Module based on fermentation local wisdom in enhancing students' HOTS on acid-
base material. Specifically, this study seeks to determine the level of effectiveness in improving each
cognitive dimension of HOTS (Analysis, Evaluation, and Creation). This study is part of a series of
Research and Development (R&D) studies using the 4D model (Define, Design, Develop, Disseminate),
with this article focusing on the Develop stage to measure the module's effectiveness. The effectiveness
test was conducted through a quasi-experimental One Group Pretest-Posttest design involving 35
students. The contribution of this research is to provide strong empirical evidence regarding the
integration of local wisdom as a contextual and effective chemistry learning strategy for achieving the
improvement of Higher Order Thinking Skills mandated by the Kurikulum Merdeka.

RESEARCH METHODS

This research is a Research and Development (R&D) project using the 4D model, which
includes defining, designing, developing, and disseminating the stages (Irawan et al., 2018). This article
focuses on the development stage, specifically testing the effectiveness of a local wisdom-based
chemistry teaching module on fermentation. The effectiveness test was conducted using a quasi-
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experimental design with a single-group pretest-posttest to assess improvements in students' higher-
order thinking skills (HOTS) after implementing the module on acid-base material (Chang et al., 2022).

The research was conducted at SMAN 1 Teluk Sebong, Bintan Regency, Riau Islands Province,
during the odd semester of the 2025/2026 academic year. The study population was all 11th-grade
students, with a purposively selected sample of 35 students from one class. Sample selection was based
on the need to improve HOTS skills in acid-base material and the relevance of local wisdom in
fermentation as a learning context. The learning process was carried out by a chemistry teacher,
supported by observations to ensure the module's implementation in accordance with the learning plan.

Data collection was conducted using a HOTS test based on the local fermentation context
administered before and after the intervention, as well as an observation sheet for learning
implementation. Data were analyzed quantitatively through descriptive and inferential analysis. HOTS
improvement was analyzed using a paired sample t-test or Wilcoxon test, depending on the results of
the data normality test, with a significance level of 0.05. The module's effectiveness was determined
based on the N-Gain value, while the strength of the learning influence was analyzed using Cohen's d
effect size. A module is considered effective if it is able to improve students' HOTS in the moderate to
high category.

RESULTS AND DISCUSSION
Results

The implementation of the chemistry teaching module based on local fermentation wisdom was
evaluated through three sets of data: observation of teacher implementation, observation of student
activities, and the HOTS test (pretest-posttest).

Teacher Instructional Implementation

Observation of the teacher across four meetings aimed to ensure that the module
implementation proceeded according to the design. The results of the data recapitulation (Table 1)
indicate an average implementation percentage of 92.19%, which falls into the "Very Good" category.
There was an increasing trend in implementation fidelity from the first meeting (88.75%) to the peak
third meeting (95.00%).

Table 1. Findings from the Observation of Teacher Learning Implementation

No Indikator Observer Findings for Session
No.
1 2 3 4

1 Did the teacher execute the instructional
stages  (opening, core, and closing)

sequentially as prescribed by the teaching 4 5 5 S
module?

2 Did the teacher implement the learning model
steps (syntax) as per the teaching module to solve 4 4 5 5

the contextual fermentation problem?

3 Did the teacher communicate the learning
objectives that target analytical/evaluative 5 5 5 5
abilities and their achievement criteria?

4 Did the teacher utilize the local fermentation
phenomenon to connect students' prior knowledge 5 5 5 5
with the acid-base concept?

5 Did the teacher facilitate activities that actively
challenge students to analyze and evaluate 4 4 5 5
problems?

6 Did the teacher guide students to draw conclusions
about the acid-base chemistry concepts from the
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No Indikator Observer Findings for Session
No.
1 2 3 4

contextual activities?

7 Did the teacher manage the time allocation
effectively so that all learning stages were 5 4 4 5
executed according to the teaching module?

8 Did the teacher encourage active discussion and

prompt critical questions from the students? 4 5 5 4
9 Did the teacher use clear, easily understandable
. . . 5 5 5 5
language, and precise chemical terminology?
10 Did the teacher facilitate students to collaborate in 5 4 5 4

groups and present their analysis results?

11  Did the teacher monitor students' understanding
during the learning process through oral questions 4 4 4 5
or short quizzes?

12 Did the teacher provide problems or assignments
at the end of the session that measure analytical 4 5 5 5
(Cy) or evaluative (Cs) abilities?

13  Did the teacher guide students to reflect on the
thought processes they wused when solving 4 4 4 4
problems?

14  Did the teacher integrate and provide feedback on
the dimensions of the graduate profile?

15 Did the teacher provide support or additional
challenges according to the identified learning 5 5 4 4
needs of the students?

16 Did the teacher primarily guide the discovery of

concepts rather than giving direct explanations? S S S S
Total Score 71 73 76 75
Percentage 88.75% 91.25% 95.00% 93.75%
Average Percentage 92.19%

Source: (Data Processing, 2025)

Student Activity Observation

Concurrently, observation of student activities was conducted to measure their response and
engagement. The results in Table 2 indicate that the average percentage of student activity reached
88.44% (categorized as "Very Good"). Student engagement also demonstrated a consistent increasing
trend, from 82.50% in the first meeting to 93.75% in the final meeting.

Table 2. Results of Student Activity Observation

No Indikator Observer Findings for Session No.
1 2 3 4

1 Did the students actively ask questions, answer 4 4 5 5
questions, and convey ideas in the class
discussion?

2 Did the students show high interest and curiosity 5 5 5 5
toward the presented local fermentation context?

3 Were the students fully engaged in the learning 4 4 5 5
activities and focused on the assigned tasks?

4 Did the students ask profound questions 4 4 4 5

(why/how) to understand the problem, not just
factual questions?
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No Indikator Observer Findings for Session No.
1 2 3 4
5 Were the students able to identify key information 4 4 5 5

and relevant data from the presented case studies
or problems?

6 Were the students able to provide logical reasons 4 4 4 4
or evidence to support the opinions or solutions
they proposed?

7 Did the students actively contribute, share tasks, 4 5 5 4
and discuss to achieve the group's objectives?

8 Did the students listen and respond to their group 5 5 5 5
members' ideas constructively and respectfully?

9 Were the students able to present the results of 4 4 5 5

their discussions or group findings clearly and
systematically?

10 Did the students show persistence and try various 4 4 4 5
strategies to solve the given problem?
11  Were the students able to identify concepts already 4 4 4 4

understood and parts that were still difficult during
the reflection session?

12 Were the students able to explain the connection 4 4 5 5
between the activity (fermentation) and the acid-
base chemistry concepts?

13 Did the students actively use the Ilearning 5 5 5 5
resources (student worksheets, reading materials,
and assessments) from the teaching module as the
main guide in the activities?

14 Did the students show initiative in seeking 4 4 4 4
information or starting discussions without always
being directed by the teacher?

15 Did the students demonstrate responsibility in 5 5 5 5
completing their task portions, both individually
and in groups?

16 Did the students attempt to offer different 3 3 4 4
(creative) ideas or solution approaches during the
discussion?
Total Score 66 68 74 75
Percentage 82.50% 85.00% 92.50% 93.75%
Average Percentage 88.44%

Source: (Data Processing, 2025)
Improvement in Higher Order Thinking Skills (HOTS)

The effectiveness of the module in enhancing HOTS was measured quantitatively through the
pretest and posttest administered to 35 students. Descriptive statistical analysis (Table 3) shows a
substantial increase in the mean score from 24.86 (SD = 18.845) to 72.29 (SD = 11.137).

Table 3. HOTS Pretest-Posttest Descriptive Statistics

N Minimum Maximum Mean Std. Deviasi
Pretest 35 0 50 24,86 18,845
Postest 35 60 90 72,29 11,137
Valid N 35

(listwise)
Source: (Data Processing, 2025)
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Table 4. Pretest and Posttest Data Normality Analysis

Shapiro-Wilk
Statistic Df Sig (p)
Pretest 0,874 35 <0,001
Posttest 0,833 35 <0,001

Source: (Data Processing, 2025)
Table 5. Wilcoxon Signed Ranks Test

Ranks Test Statistics?
Mean Sum of Postest -
N  Rank Ranks Pretest

Postest - Negative 0* 0,00 0,00 Z -5,210°
Pretest Ranks

Positive 35° 18,00 630,00 Asymp. Sig. (2- 0,000

Ranks tailed)

Ties 0° a. Wilcoxon Signed Ranks Test

Total 35 b. Based on negative ranks.

a. Postest < Pretest
b. Postest > Pretest
c. Postest = Pretest
Source: (Data Processing, 2025)

The results of the Shapiro-Wilk normality test indicated that the data were not normally
distributed (p < 0.05), thus the hypothesis was tested using the Wilcoxon Signed-Rank Test. The results
showed a highly statistically significant difference between the pretest and posttest scores (Z = -5.203,
p < .001). The magnitude of the intervention's impact was classified as large (effect size r = 0.88).
Furthermore, the Normalized Gain (N-Gain) analysis showed a mean score of 0.639, which indicates
that the effectiveness level of HOTS enhancement is in the "Moderate™ category.

Table 6. Normalized Gain

Descriptive Statistics

Std.
N Minimum Maximum Mean Deviation
NGainscore 35 0,40 0,83 0,6385 0,10529
Valid N 35
(listwise)

Source: (Data Processing, 2025)

To analyze the module's effectiveness in greater depth, the Normalized Gain (N-Gain) was
calculated for each cognitive level of HOTS (Cs, Cs, Cg). The results are presented in Table 7 below.

Table 7. Results of the N-Gain Analysis Based on HOTS Cognitive Level

Average Pretest Average N-

Cognitive Level Score Posttest Score Gain Category
Analysis (Cs) 28.50 78.10 0.70 High
Evaluation (Cs) 22.15 71.55 0.63 Moderate
Creation (Ce) 15.20 58.75 0.51 Moderate

Source: (Data Processing, 2025)
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Disscussion

The main findings of this research convincingly demonstrate that the use of a chemistry
teaching module based on local fermentation wisdom is highly effective in enhancing students' HOTS.
This statistically significant increase (p < 0.001), coupled with a large effect size (r = 0.88) and a
"Moderate" effectiveness level (N-Gain = 0.639), can be attributed to the successful implementation of
the instructional design in the classroom.

This success is inseparable from the high quality of the learning process, as validated by the
observation data. The teacher implementation rate reaching 92.19% confirms that the instructional
syntax (modified inquiry) designed to stimulate HOTS was well-implemented. High fidelity in
implementation ensured that the teacher provided appropriate scaffolding to guide students from
recognizing the contextual problem to formulating high-level solutions. This served as the foundation
for creating a conducive learning environment, which students responded to positively with an
engagement level reaching 88.44%. The use of a familiar local context, such as cencalok production,
likely boosted students' self-efficacy, making the chemistry problems less intimidating and increasing
their motivation to actively participate (Minata, ZS., Rahayu, S., Dasna, 2022; Salvane & Orongan,
2024).

Specifically, this success was driven using the local fermentation context, which proved capable
of consistently stimulating students' enthusiasm and curiosity. This finding aligns with the principles of
contextual learning, which suggest that material relevant to the students’ world can increase motivation
and deeper understanding (Kemendikdasmen, 2025). The fermentation process acted as a concrete
analog, bridging the gap between the abstract concepts of acid-base equilibrium and the real-world
application, which is crucial for achieving C4 (Analysis) and Cs (Evaluation) skills.

The detailed analysis of cognitive levels (Table 7) confirms that the highest increase occurred
in the Analysis (C4) domain (N-Gain = 0.70), which relates to students’ ability to analyze pH data and
chemical reactions within the fermentation case studies. Evaluation (Cs), which represented 60% of the
test items, was also highly effective (N-Gain = 0.63), demonstrating the students' strong ability to
evaluate claims and assess the quality of fermented products. The lowest increase was found in the
Creation (Cg) domain (N-Gain = 0.51). This suggests that while the module successfully trained students
to analyze and evaluate existing information, the activities might not have provided sufficient open-
ended tasks or project opportunities necessary for optimal synthesis and creation of new ideas, which
is a common challenge in developing the highest level of HOTS. This deficiency in the Ce indicator
serves as a clear limitation and suggests a direction for future module refinement.

Furthermore, the student observation data directly indicate the occurrence of higher-order
thinking processes during instruction. The increase in scores on indicators like "asking critical
guestions” and "analyzing information" suggests that the activities designed within the module
successfully prompted students to move beyond the level of factual comprehension. This explains the
substantial jump in the posttest mean score (72.29) from the pretest score (24.86). Overall, this study
provides strong empirical evidence that integrating local fermentation wisdom into a HOTS-oriented
chemistry teaching module is a highly effective strategy. This finding contributes practically by
providing a validated teaching material model that can be adopted by teachers to implement innovative
learning in accordance with the demands of the Kurikulum Merdeka.

This research is significant because it addresses the real needs of chemistry learning in the
Independent Curriculum era, particularly in improving students' HOTS (Higher-Skilled Skills) through
contextualized and relevant teaching materials. Low HOTS is often caused by the dominance of abstract
approaches and the lack of connection between chemical concepts and students' daily lives (Rahayu &
Rosawati, 2023; Tsaparlis, 2020). By integrating local wisdom about fermentation, this research offers
a pedagogical solution that not only improves high-level cognitive achievement but also strengthens
students' learning meaning, motivation, and self-efficacy. Therefore, this research makes an important
contribution to bridging the demands of curriculum policy with applicable and sustainable chemistry
learning practices.
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The findings of this study align with those of Bortnik et al. (2021) and Minata et al. (2022),
which showed that local context-based chemistry learning significantly improves students' conceptual
understanding and analytical skills. The similarity lies in the role of local context as a concrete bridge
to understanding abstract chemical concepts. Furthermore, this research also supports the findings of
Irhasyuarna et al. (2022), who reported that integrating local wisdom into science learning positively
contributes to improving critical thinking skills and active student engagement. This alignment
strengthens the argument that local context is not merely a supplement, but a strategic component in
HOTS development.

Furthermore, this study demonstrates a relatively higher level of reinforcement in the evaluation
aspect (C5) compared to several previous studies, such as those reported by Zainuddin et al. (2025),
who found that contextual learning predominantly improves analytical skills compared to evaluation
and creativity. This difference is likely due to the module design in this study, which explicitly places
evaluative activities, such as assessing the quality of fermented products and testing scientific claims,
at the core of learning. Thus, this study extends previous findings by demonstrating that HOTS at the
evaluation level can be optimally developed through appropriate task design.

Despite showing strong results, this study has several limitations. First, the study design used a
single group without a control group, so generalization of the findings requires caution. Second, the
number of subjects was limited to one school and one local fermentation context, so the module's
effectiveness in other cultural contexts cannot be confirmed. Third, improvement in the Creativity
domain (C6) is still lower than in other HOTS domains, indicating that learning activities do not fully
provide space for open exploration, independent projects, or the design of innovative solutions by
students. This limitation opens up opportunities for further research to develop modules with project-
based or open-ended problem-based assignments to optimize creativity skills as the highest level of
HOTS.

The implications of these findings lead to two main recommendations. For educational
practitioners, especially chemistry teachers, this teaching module is highly recommended for adoption
and adaptation as an innovative and contextual strategy to train Higher Order Thinking Skills (HOTS)
in line with the demands of the Kurikulum Merdeka. However, based on the Cg results, teachers are
specifically advised to integrate or replace the existing Cg¢ assignments with open-ended tasks or mini-
projects (e.g., designing an improved fermented product) to maximize the synthesis and creative
abilities of the students. Furthermore, for future researchers, this study opens opportunities for further
development, primarily by employing a more robust research design, such as a true experimental design
that includes a control group, to strengthen the generalization and internal validity of the findings.
Future research should also explore the use of mixed methods approaches to more comprehensively
capture the depth of the Creation (Cs) skill, given the limitations identified with the multiple-choice
format.

CONCLUSION

Based on the research findings and discussion, it is concluded that the developed chemistry
teaching module based on local fermentation wisdom successfully achieved the research objectives.
The module is proven to be highly effective in enhancing students' Higher Order Thinking Skills
(HOTS), evidenced by a statistically significant difference between the pretest and posttest scores (p <
0.001) with a large effect size (r = 0.88). This success is supported by the module's high validity and
practicality in the field, as seen from the teacher implementation score (92.19%) and active student
involvement (88.44%). The magnitude of the HOTS improvement, measured via N-Gain, falls into the
"Moderate" category (0.639). Crucially, the detailed analysis by cognitive level confirms the module's
strong impact on Analysis (C4) with a "High" category (N-Gain = 0.70) and Evaluation (Cs) with a
"Moderate” category (N-Gain = 0.63). Although the Creation (Cs) domain also improved (N-Gain =
0.51), this study indicates that the module is primarily effective in fostering the analytical and evaluative
dimensions of HOTS.
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