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Abstract: This study evaluates the efficacy of the Merdeka Curriculum in promoting critical
thinking within junior high school science teaching through the CIPP (Context, Input, Process,
Product) evaluation framework. A mixed-methods approach utilizing a convergent parallel design
was implemented, including 438 students and 26 science teachers from seven public junior high
schools in Mataram. The data collection comprised standardized critical thinking assessments,
semi-structured interviews, classroom observations, and document analysis.

This study finds that teachers demonstrate moderate proficiency in understanding critical thinking
objectives (55.77%), yet they encounter challenges in translating these objectives into effective
classroom practices. The classroom approach efficiently combines scientific procedures (69.23%),
although it lacks structured discussions and inquiry-based learning, constraining students' capacity to
cultivate reasoning abilities. Assessments of students indicate inadequate proficiency in reflective
thinking and argument evaluation (55.79%), underscoring challenges in assessing assumptions and
reasoning frameworks.

This research addresses a critical gap in understanding how curriculum implementation influences
students’ critical thinking development. However, the study has limitations. Future studies should
consider using experimental or quasi-experimental designs, such as randomized controlled trials, to
evaluate the effectiveness of specific curriculum strategies, like structured discussions or
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technology-integrated scaffolding. The results underscore the necessity for specialized teacher
training, enhanced resource distribution, and organized assessment frameworks to maximize
curriculum execution. These insights facilitate curriculum enhancement and guide policy decisions to
reinforce science education in Indonesia.
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1. Introduction

Critical thinking is an essential competency in science education, enabling students to analyze,
assess, and integrate knowledge to resolve issues efficiently [1]. Some related work
includesidentifying key factors affecting college students’ adoption of the e-learning system in
mandatory blended learning environments [2]; from engagement to performance, the role of effort
regulation in higher education online learning [3]; and ESERNet, learning spectrogram structure
relationship for effective speech emotion recognition with swin transformer in classroom discourse
analysis [4]. Another recent study indicates that promoting critical thinking in science education
improves students' problem-solving skills, creativity, and scientific reasoning [5]. Nonetheless,
despite the focus on critical thinking, numerous educational systems encounter challenges in
delivering effective techniques to cultivate these skills in students [6]. Nonetheless, despite the focus
on critical thinking, numerous educational systems encounter challenges in delivering effective
techniques to cultivate these skills in students [6].

In acknowledgement of the significance of critical thinking, the Indonesian Ministry of
Education implemented the Merdeka Curriculum in 2021 prioritized competency-based learning and
student-centered pedagogies [7]. One of its fundamental elements, Profil Pelajar Pancasila,
designates Bernalar Kiritis (critical thinking) as a pivotal competency, intending to prepare students to
examine information, evaluate logical frameworks, and make informed decisions. The Merdeka
Curriculum diverges from prior Indonesian curricula that prioritized regimented subject delivery and
standardized tests, instead adopting a competency-based education model that offers increased
flexibility for schools and teachers [8]. Although prior research has investigated the overall
application of the Merdeka Curriculum [9,10], there is a deficiency of studies that specifically assess
its role in promoting critical thinking within junior high school scientific instruction. This study
utilizes the CIPP assessment technique to evaluate the effectiveness of the curriculum in fostering
students' critical thinking skills.

Moreover, the professional development of teachers and the modification of curricula continue to
pose significant challenges in the integration of critical thinking abilities within science education.
Research demonstrates that teachers have challenges in synchronizing instructional strategies with
curriculum goals, owing to inadequate professional development and resource constraints [11,12].
Teacher training and curriculum adaptation can hinder the development of critical thinking skills, as
suggested by several related studies—such as those examining the association between discussion
strategies and students’ critical thinking in asynchronous online discussion [13], exploring the
relationship between teacher talk supports and student engagement from the perspective of
students [14], and mmatrans: understanding students continuance intention: a comparison of live
video learning, pre-recorded video learning, and hybrid video learning in the covid-19 pandemic [15].
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Recent research indicates that numerous pre-service teachers possess a constrained conceptual grasp
of critical thinking, frequently linking it exclusively to cognitive elements while overlooking its
dispositional facets [5]. This signifies the necessity for extensive teacher training programs that
encompass both cognitive and emotional aspects of critical thinking.

The Merdeka Curriculum promotes individualized learning and project-based instruction to
enhance critical thinking [16]. Nevertheless, research suggests that numerous teachers encounter
difficulties in properly applying these tactics in scientific classrooms [17]. This prompts
apprehensions over the genuine development of analytical and reasoning skills among students as
prescribed by the curriculum. Moreover, although critical thinking is globally acknowledged as a
vital competency for lifelong learning and economic prosperity, studies indicate that many
educational institutions still lack a coherent and enduring framework for its instruction [18]. This
underscores the necessity of formulating systematic guidelines and assessment instruments to
guarantee the effective incorporation of critical thinking abilities in science education.

The 2022 PISA report highlights this concern, revealing that merely 34% of Indonesian students
attain at least Level 2 in scientific literacy, markedly below the OECD average of 76%, with nearly
no Indonesian students reaching the highest performance levels (OECD, 2023). This highlights a
significant deficiency in students' capacity to examine, evaluate, and reason scientifically, prompting
questions regarding the efficacy of the Merdeka Curriculum in cultivating critical thinking abilities
within science education.

In addition to its significance in science education, critical thinking is an essential life skill
required for effective decision-making and innovation [19]. According to Piaget's theory, during the
junior high school stage (Phase D), students undergo substantial cognitive growth, rendering it an
essential period for the development of higher-order thinking skills [20]. The successful application
of critical thinking in the classroom is significantly dependent on instructors' instructional
methodologies, curricular coherence, and the accessibility of educational materials [21,22]. Research
indicates that numerous teachers continue to have challenges in incorporating critical thinking into
their scientific curricula, frequently depending on rote memory instead of inquiry-based learning [23].
Recent findings suggest that metacognitive and self-regulated learning strategies are essential for
enhancing critical thinking in science education; yet, their implementation in classroom
environments is still restricted [24].

Students frequently experience challenges in participating in critical thinking activities due to
inadequate exposure to inquiry-based learning and insufficient support from teachers [6]. The
prevailing passive learning culture in numerous schools hinders students from cultivating their
analytical and reasoning skills. Consequently, a thorough assessment of the implementation of
critical thinking in science education within the Merdeka Curriculum is necessary. This study seeks
to assess the integration of critical thinking in junior high school science instruction within the
Merdeka Curriculum, utilizing the CIPP assessment paradigm [25]. This research aims to investigate
the following inquiries:

1. Context: To what extent do teachers comprehend the objectives and execution of critical
thinking within the Merdeka Curriculum?

2. Input: What instructional strategies and resources foster critical thinking in junior high school
science education?

3. Process: In what manner is critical thinking included in scientific classroom practices?
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4. Product: What is the extent of students' proficiency in critical thinking within science education
under the Merdeka Curriculum?

This research utilizes a mixed-methods approach with a parallel convergent design [26] to deliver
a thorough evaluation of critical thinking integration in science education. The CIPP model (Context,
Input, Process, Product) functions as a systematic framework for assessing the effectiveness of the
curriculum in promoting critical thinking and pinpointing opportunities for enhancement. This
study's findings will inform education policy debates and offer ideas for improving critical thinking
instruction in science education.

2. Theoretical framework

The Concept of Merdeka Curriculum

The Merdeka Curriculum highlights flexible learning that prioritizes the demands of students and
seeks to cultivate individuals with robust character and competence. This curriculum was
implemented as part of an educational reform to establish a structured learning framework that
enables schools to flexibly adopt competency-based education [27]. The fundamental components of
the Merdeka Curriculum encompass competency-based education, an emphasis on important
information, and adaptable learning pathways, contrasting with earlier Indonesian curricula that were
predominantly content-driven and uniform. The phases of the Merdeka Curriculum denote stages of
learning tailored to align with the competency levels of students as opposed to the conventional
classroom system. The Junior High School level (Phase D) of the Merdeka Curriculum encompasses
schooling for students aged 13 to 15 years, corresponding to grades 7 through 9 [28]. At this juncture,
students undergo a cognitive shift from concrete to abstract thinking, as delineated in Piaget's
developmental theory. Their capacity to analyze information and make evidence-based decisions
begins to evolve, so enhancing critical thinking skills is crucial in scientific education [20]. The
Merdeka Curriculum corresponds with the Pancasila Students Profile, which delineates six essential
competencies: faith and morality, independence, collaboration, global variety, critical thinking, and
creativity [29]. Critical thinking is essential in science education as it allows students to analyze
information, assess logical arguments, and make educated judgments. Nevertheless, research
demonstrates that numerous teachers continue to have difficulties in integrating teaching
methodologies with this curriculum owing to insufficient professional development [24].

Defining Critical Thinking Mastery and Teacher Competence

Mastery of critical thinking denotes students' capacity to systematically analyze, assess, and
utilize knowledge in problem-solving contexts [6]. This skill encompasses logical thinking,
evidence-based arguments, and the capacity to derive conclusions from numerous sources of
information [30]. In science education, mastery of critical thinking is associated with inquiry-based
learning and problem-solving skills that improve students' comprehension and application of
scientific topics [5]. Critical thinking in science education has gained increasing attention as teachers
seek to prepare students for complex real-world problems. It is not merely a cognitive skill but also
includes dispositional components, such as curiosity and open-mindedness, and metacognitive
strategies like self-monitoring and reflection [19,31]

Teacher proficiency in promoting critical thinking encompasses the creation of inquiry-based
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lessons, the facilitation of conversations, and the evaluation of students' analytical abilities [24]. It
also encompasses the capacity to establish learning environments that promote inquiry, discovery,
and reflective thought [23]. Moreover, effective critical thinking instruction benefits from dialogic
teaching and structured teacher-student interaction strategies. Recent studies suggest that teacher
questioning techniques and classroom discourse significantly influence the development of students’
analytical reasoning [2,13]. Research indicates that numerous teachers lack the requisite training and
pedagogical tools to cultivate these competencies successfully, hence impacting the ability of
students to participate in substantive scientific inquiry [5]. Studies from Indonesian contexts have
also shown the potential of culturally grounded and language-responsive instructional models. For
instance, the ethnoscience-integrated e-modules can enhance scientific reasoning [22], while other
research highlights how questioning behavior in EFL classrooms influences students’ engagement
and cognitive responses [21]. These insights underscore the need for localized pedagogical strategies
aligned with the Merdeka Curriculum’s emphasis on critical thinking.

Marzano & Kendall's Taxonomy and Problem-Based Learning (PBL)

The incorporation of Marzano and Kendall's New Taxonomy into science education offers a
systematic framework for comprehending cognitive processes. In contrast to Bloom’s Taxonomy,
which prioritizes hierarchical cognitive domains, Marzano and Kendall advocate for a systems-based
framework that classifies thinking skills into three domains: cognitive system, metacognitive system,
and self-system [31]. This taxonomy fosters critical thinking by facilitating students' engagement in
the retrieval, understanding, analysis, and application of knowledge, crucial components for
scientific inquiry, and problem-solving [5]. Recent studies demonstrate that the implementation of
Marzano & Kendall’s framework in science education improves students' capacity for critical
information processing and the application of knowledge to intricate issues [30]. This model
corresponds with the goals of the Merdeka Curriculum, which advocates for flexible learning and
inquiry-based methodologies in science education.

Evaluation Framework: The CIPP Model

This study utilizes the Context, Input, Process, and Product (CIPP) evaluation methodology [25]
to systematically evaluate the incorporation of critical thinking in science teaching within the
Merdeka Curriculum. This framework is selected for its thorough methodology in assessing
educational programs, facilitating a systematic evaluation of the curriculum's efficacy.

1.Context Evaluation: Evaluates teachers' comprehension of critical thinking goals within the
Merdeka Curriculum.

2.Input Evaluation: Assesses the pedagogical strategies and resources available to enhance critical
thinking in science education.

3.Process Evaluation: Assesses the implementation of critical thinking in educational activities.

4.Product Evaluation: Assesses students' proficiency in critical thinking abilities within the context
of science education.

Research indicates that the CIPP model offers a comprehensive framework for curriculum
assessment, guaranteeing that every facet of implementation, from planning to students' outcomes, is
systematically appraised [32,33]. This study enhances the current literature by utilizing this approach
to evaluate the efficacy of the Merdeka Curriculum in promoting critical thinking within science
STEM Education Volume 5, Issue 4, 587-616
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education and pinpointing areas for enhancement.
3. Method
3.1. Research design

This research utilized a convergent parallel mixed-methods design, combining quantitative and
qualitative approaches to assess the integration of critical thinking abilities in science education
within the Merdeka Curriculum. The Context, Input, Process, and Product (CIPP) evaluation
methodology [25] was employed to systematically evaluate the efficacy of curriculum
implementation, as seen in Figure 1. This methodology was chosen for its complete framework for
assessing educational programs, guaranteeing that all facets of implementation, from planning to
outcomes, are scrutinized. This evaluation primarily concentrates on the implementation process,
while also indirectly examining factors that influence critical thinking development, including
teacher-student interactions, classroom environment, lesson planning strategies, and students'
engagement, through qualitative data collection methods such as interviews, documentation, and
observational techniques. These elements offer supplementary context to comprehend the efficacy
of the Merdeka Curriculum in promoting critical thinking.

Quantitative  data

collection ]

e Test instrument Quantitative

for teachers analysis

e Test instrument Compared Interpreted
" | and linked

Quantitative Qualitative

data collection analysis

e Interview

e Documentation

e Observation

Figure 1. Research design with convergent mixed-parallel design.
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Merdeka
Curriculum in the

critical thinking
dimension of
Science Phase D

Figure 2. The CIPP evaluation model.
3.2. Participants and sampling criteria

The research was carried out in seven public junior high schools in Mataram City, Indonesia,
which have been implementing the Merdeka Curriculum since 2022. The selection of these schools
was predicated on their capacity to fulfill all inclusion criteria to guarantee quality observations and
regional representation. A total of 26 science teachers and 438 students participated across these
institutions. Teachers were chosen based on a minimum of three years of teaching experience in
junior high school science and active participation in professional development programs pertinent to
the curriculum. The selection of these individuals aimed to guarantee that the collected data
represented a variety of experiences and instructional methodologies in the application of critical
thinking abilities. Table 1 delineates the criteria for sample inclusion.

Table 1. Inclusion criteria for sampling selection.

Criteria Remarks

The implementation duration 1. Schools that have consistently implemented the Merdeka Curriculum for a minimum duration

of the Merdeka Curriculum of one full year, beginning from grade VII

Categories of implementation 1. Schools that have adopted the Merdeka Curriculum in the independent learning or

of the Merdeka Curriculum independent transformation phase

1. Students who have finished grade V111 and progressed to grade 1X in the 2024 academic year,
The students’ criteria having completed two full years of the Merdeka Curriculum. This criterion facilitates a

more representative assessment of students' critical thinking skills.

1. Science teachers actively engaged in promoting the implementation of the Merdeka
o Curriculum.
Teachers' criteria ) . . ) )
2. Science teachers engaged in the implementation of the Merdeka Curriculum for grades VII

and VIII in schools that fulfill the inclusion criteria.

1. The chosen schools are distributed across various regions in Mataram City, aiming to
Regional representation encompass diverse learning contexts, thereby enabling the evaluation results to reflect a more

comprehensive condition.
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3.3. Validity and reliability testing
3.3.1. Content validity

Expert judgment was utilized to establish content validity. A panel of five experts, comprising
curriculum and assessment specialists as well as science education professionals, evaluated the
instruments to confirm that the items were aligned with the constructs being measured and suitable
for the study context. The panel assessed the clarity, relevance, and representativeness of items
before the final implementation of the instruments.

3.3.2. Construct validity

Construct validity was evaluated through exploratory factor analysis (EFA) and confirmatory
factor analysis (CFA). EFA was conducted on the teacher instrument to identify the underlying factor
structures. CFA was not performed due to the limited sample size (n = 26), which may result in
model instability [34]. The Kaiser-Meyer-Olkin (KMO) test presented in Table 2 yielded a value of
0.3, suggesting that the instrument falls short of the optimal threshold for factor analysis. The
Bartlett's Test of Sphericity yielded a significant result (p < 0.05), indicating that factor analysis may
be applicable. Due to the multicollinearity issue (determinant = 0.0000013), factor extraction was
conducted with caution. Four key factors were retained based on eigenvalues greater than 1 and the
analysis of the Scree Plot, as illustrated in Figure 3.

Table 2. KMO and Bartlett's test results for the teacher test instrument.

Kaiser- Meyer- Olkin (KMO) Overall MSA 0.3
Measure of Sampling Adequacy
Bartlett’s Test of Sphericity chisq 235.8664
df 190
p. value 0.01177472
Positive determinant 1.323512¢®
" Scree plot
RN = B
t o Ne-a
g s | o ‘ T\""'"_T
u 5 10 15 20
factor or component number

Figure 3. Scree plot for the teacher test instrument.
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CFA was performed after EFA on the students' instrument to validate the factor structure. Table 3
indicates a KMO value of 0.81, signifying eligibility for factor analysis, and Bartlett’s test yielded
significant results. The CFA findings indicated a satisfactory model fit, with an RMSEA of 0.032,
CFI of 0.909, and SRMR of 0.044, validating that the factor structure conformed to theoretical
assumptions, as illustrated in Figure 4.

Table 3. KMO and Bartlett's test results for the students' test instrument.

Kaiser- Meyer- Olkin (KMO) Overall MSA 0.81
Measure of Sampling Adequacy
Bartlett’s Test of Sphericity chisq 1001.158

df 190

p. value 2.543626e-110
Positive determinant 0.09719999

Figure 4. CFA path diagram for students test instrument.
3.3.3. Reliability assessment

The dependability of the instrument was evaluated with Cronbach’s Alpha. The teacher
instrument demonstrated a reliability coefficient of 0.49, reflecting moderate internal consistency,
while the students' instrument exhibited a reliability coefficient of 0.73, showing good internal
consistency. Despite the teacher instrument demonstrating moderate reliability, the EFA results
yielded further insights into factor structures, hence reinforcing the instrument's validity.

3.4. Quantitative data collection

This study utilizes a critical thinking assessment for both teachers and students. The instrument
employed comprises multiple-choice questions aimed at assessing the diverse aspects of critical
thinking as delineated in the Critical Thinking Profile of the Merdeka Curriculum. Table 4 presents
the teacher's assessment framework emphasizing context, input, and process evaluation, whereas
Table 5 delineates the students' assessment framework that evaluates the output (result) of critical
thinking skills.

STEM Education Volume 5, Issue 4, 587616
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Table 4. The teacher's test instrument framework.

Elements of
Critical
Thinking

Sub-elements

Indicators

No

Item

Elements  of
acquiring and
processing
information

and ideas

Elements  of
analyzing and
evaluating
logic and

procedures

Elements  of
reflective
thinking  and
thought

processes

Posing inquiries

Identify, clarify,
and process
information and

ideas

Examine and
assess logic and

methodologies

Contemplate and
assess their

cognition.

Recognizing the comprehension of the critical thinking element outcomes
for Phase D, based on the example questions aligned with the Phase D
critical thinking dimension outcomes (context).

Identify the appropriate learning technique to stimulate students' curiosity
regarding the connection between a topic and its practical application in
everyday life (input)

Enhance the critical thinking process to assist students in deriving
conclusions from the supplied evidence (process)

Identify essential components of critical thinking pertinent to Phase D
scientific education (context)

Determine the appropriate learning technique to promote critical thinking in
understanding the application of scientific concepts in daily life, utilizing
information presented through images or news articles (input).

Enhance critical thinking abilities by integrating Phase D scientific concepts
with practical applications to evaluate errors arising from knowledge
regarding a phenomenon associated with Phase D science concepts
(process)

Identify case studies that exemplify scientific concepts from Phase D
science, aligning with the components of critical thinking to enhance the
analytical process concerning Phase D science topics in everyday contexts.
Identify suitable learning strategies to promote critical thinking in
decision-making based on knowledge of the supplied Phase D scientific
concepts (input)

Enhance critical thinking abilities by integrating Phase D science ideas with
practical applications in daily life to evaluate suitable strategies for
developing preventive measures based on the knowledge provided through
Phase D science concepts (process).

Identify case studies grounded in scientific principles from Phase D science
to enhance students' reflective process (context).

Identify the suitable learning approach to promote critical thinking,
facilitating the articulation of the assumptions that underpin their thinking or
arguments concerning a topic or problem in Phase D science ideas (input).
Enhance critical thinking abilities by integrating Phase D science principles
with practical applications to evaluate disparities in expert viewpoints on a
scientific concept, thereby acquiring a more comprehensive understanding

(process).

2,4

3,5

79

8,10

11

12,13

14,16

15

17,19

18,20

STEM Education
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Table 5. The students’ test instrument framework.

Elements of ~ Sub-elemen The outcome of the Indicators No
Critical ts critical thinking Item
Thinking dimension in Phase D
Elements of Identifying, ldentifying, Identify a problem arising from the application of 1,2
information  clarifying, elucidating, and science in everyday life, utilizing information
acquisition and managing information  offered through images or news articles.
and concept processing and concepts Analyze facts regarding a scientific application in 3,4
processing information everyday life, utilizing images or news articles as
and ideas sources.
Posing Inquiring for Selecting the appropriate inquiry type depending on 5,6
inquiries clarification and the information provided on a phenomenon.
interpretation of
information, as well as
determining the
reasons and
implications of said
information.
Elements of Examine Utilize several Determine the appropriate issue according to a 7,8
analyzing and assess arguments to arrive at  specified criterion.
and logic and a conclusion or Condense information derived from the provided 9,10
evaluating methodolog  decision data.
logic and ies Render decisions informed by the data about the 11,12
procedures introduced Phase D scientific concept.
Examine inaccuracies that arise from the 13,14
information provided on a phenomenon associated
with the concept of Phase D science.
Ascertain  the requisite actions to formulate 15,16
preventive strategies based on the provided facts.
Elements of Contemplat Articulates the Explain the presuppositions that inform their 17,18
reflective e and assess  underlying reasoning or arguments concerning a topic or issue
thinking and their assumptions, inside Phase D science concepts.
thought cognition. acknowledges the Evaluate the many perspectives of specialists on a 19,20
processes inclination and scientific issue to acquire a more thorough

ramifications of understanding.

cognitive bias, and
endeavors to
contemplate diverse

viewpoints

STEM Education
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3.5. Qualitative data collection

Semi-structured interviews were performed with three teachers and three to five students from
each school who consented to participate. The interviews aimed to investigate teachers' instructional
strategies, problems, and perceptions concerning the incorporation of critical thinking skills, whereas
students’ interviews concentrated on their learning experiences. Each interview lasted 30 to 45
minutes, was audio-recorded with consent, and transcribed verbatim for analytical purposes. The
interview protocol comprised both structured and open-ended questions, formulated as a guideline
(Appendix A.1).

Classroom observations were undertaken alongside interviews to evaluate teacher-student
interactions and the execution of critical thinking tasks. Observations served not as the major data
source, but rather to corroborate and validate the findings from interviews and document analyses.
This method corresponds with the suggestion from Creswell [26] to employ triangulation to augment
study validity. Documents, including lesson plans, instructional materials, and assessment rubrics,
were examined to verify alignment with curriculum objectives and assess the integration of critical
thinking skills in instructional design. Figure 5 illustrates the data collection method undertaken by
students.

Figure 5. Data collection method undertaken by students.

3.6. Ethical considerations

This study complied with ethical research standards and secured legal authority via official
research permits from the university to the Mataram City Education Office, subsequently obtaining
consent letters from the Mataram City Department of Education and Culture for the participating
schools. To facilitate clear communication about the research objectives, direct meetings were held
with each school, enabling instructors to comprehend the research procedure and the confidentiality
of the gathered data. Confidentiality and anonymity were rigorously upheld, safeguarding participant
identities. Furthermore, participants were apprised that their participation in this study was optional
and that they might withdraw at any moment without incurring any repercussions. Figure 6 illustrates
the hearing process involving the school.

STEM Education Volume 5, Issue 4, 587616
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Figure 6. The hearing process involving the school.

3.7. Data analysis techniques

The research included both quantitative and qualitative data analysis to guarantee a thorough
assessment of the curriculum's efficacy. Quantitative data were examined through descriptive
statistics to interpret the test results of teachers and students. The statistical measures employed
comprised means, standard deviations, and frequency distributions to encapsulate the data. The
instruments' validity and reliability were established by EFA and CFA, as detailed in the
Instrumentation and Data Collection section. The conclusive data analysis concentrated on
elucidating patterns in instructors' and students' responses.

Before measuring the evaluation according to the achievement criteria, the outcomes of the
multiple-choice instrument responses from teachers and students were initially assessed. Instruments
for teachers and students are designed based on the elements and sub-elements of critical thinking
within the Pancasila students' profile, which are then developed into indicators and items aligned
with the evaluated characteristics. The formula employed to ascertain the value of each instrument is
as follows:

number of item answered correctly

Final score = x 100

number of test items

The parameters of achievement for assessing the outcomes of the Merdeka Curriculum
implementation in the critical thinking dimension of science at the junior high school level (Phase D)
in public junior high schools in Mataram City are determined by the average percentage of the total
score across each evaluative aspect of this implementation. The percentage outcomes of the final
score are subsequently referenced in the evaluation measurement criteria table, modified to align
with the percentage and category sections of the Learning and Assessment Guidelines for Early
Childhood Education, Primary Education, and Secondary Education, Revised Edition of 2024, as
delineated in Table 6.

STEM Education Volume 5, Issue 4, 587616
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Table 6. The parameters of achievement.

Interval

81%-100%

61%-80%

41%-60%

21%-40%

0%-20%

Category of Aspect Achievement

Context, Input, Process

Very well achieved.

Teachers can be given further challenges to
implement innovations in learning strategies or
mentor other teachers.
Achieved.

The teacher has
objectives, yet there may still be room for

achieved the evaluation
improvement.

Almost well achieved.

The teacher needs to improve some aspects that
are still lacking in implementation.

Not yet achieved.

Teachers should identify certain aspects that are
poorly understood or have not been successfully
implemented.

Not achieved.

Teachers need to conduct in-depth reflections to
identify challenges faced in understanding and
implementing the Merdeka Curriculum in the
Critical Thinking dimension.

Product (Outcome)
Very well achieved.
Students have exceeded learning targets.

Achieved.

Students learning
objectives, though there may be some areas
for further improvement.

Almost well achieved.

Students improve
comprehension of some key elements.
Not yet achieved.

Students need to revisit most of the learning
material, focusing on understanding the
concepts that are not well understood.

Not achieved.

Students need to identify challenges or
difficulties faced in understanding the
Critical Thinking dimension.

have achieved the

need to their

Source : (Ministry of Education, Culture, Research, and Technology 2024, pp. 32-33)

4. Findings and discussions

4.1. Context evaluation

The percentage distribution of scores for each evaluated indicator is presented in the bar chart.
Figure 7 is a summary of the key findings based on the evaluation. The bar chart illustrates the

percentage distribution of scores for each assessed indicator.

context sn 15 _ 57.69%

context sn 11 _ 46.15%
context sn 6 _ 61.54%
context sn 1 _ 57.69%

Figure 7. The percentage distribution of scores for each evaluated indicator in the
context evaluation.

STEM Education
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Teachers demonstrate moderate proficiency in understanding critical thinking objectives (55.77%)
classified as "almost well achieved”, yet they struggle to implement them effectively in classroom
instruction. Nevertheless, a more profound investigation revealed differing degrees of understanding.
Teachers demonstrated a satisfactory comprehension of the overarching aims of critical thinking
(60.25%, achieved), but encountered difficulties in incorporating reflective learning (46.15%, nearly
achieved). Challenges were identified in the capacity to devise effective questioning tactics and
scaffold debates, which are crucial for enhancing students' analytical reasoning [20].

Wgotsky's Zone of Proximal Development (ZPD) posits that effective scaffolding necessitates
teachers to facilitate students in tasks that progressively shift responsibility to them [20].
Nevertheless, research reveals that numerous teachers are deficient in the ability to facilitate talks
proficiently. A teacher observed the following:

“Students encounter difficulties with intricate problem-solving tasks due to their lack of
experience in reasoning beyond rote memorization” (Teacher 3).

Another remarked:

“The critical thinking aspect is not consistently utilized, contingent upon the material.”
Early-grade students concentrate mostly on fundamental concepts” (Teacher 5).

This corresponds with research highlighting the necessity for teachers to get organized
professional development in scaffolding methodologies [35]. Pre-service teachers frequently
acknowledge the significance of critical thinking, although they conceive it with differing levels of
profundity [5]. This research underscores deficiencies in reflective learning and questioning
methodologies, along with the current study's conclusions that teachers encounter challenges in
proficiently incorporating reflective questioning frameworks. This highlights the imperative for
specialized teacher training programs in scaffolding and inquiry-based learning.

Subsequent qualitative analysis, as seen in Figure 8, identified obstacles in the implementation of
critical thinking instruction:

e The interview results corroborate the quantitative findings, indicating that the primary barrier in
integrating the critical thinking dimension is students’ preparedness and instructor adaptation
tactics.

e Critiques of Execution: Certain teachers believe that the incorporation of critical thinking within
the Pancasila Students Profile is impractical for implementation at the junior secondary school
level. Teachers reported that most students continue to face difficulties in meeting the anticipated
critical thinking benchmarks, with only approximately 40% of students in a class capable of
independently analyzing and synthesizing information. The analytical results indicate that the
category "A Critique of the Implementation™ comprises the highest proportion, accounting for
25.97% of the total utterances in the interviews.

e Adaptation in Scientific Education. Teachers indicated that not all aspects of the Pancasila
Students Profile are utilized in every science lecture, contingent upon the subject matter being
addressed. In grade 7, the emphasis on critical thinking is sometimes minimal; nevertheless, it
becomes relevant in more intricate subjects such as the classification of living organisms or light
waves. Teachers emphasized that, in numerical resources, the primary emphasis remains on
comprehending fundamental concepts rather than cultivating critical thinking abilities. The table
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analysis results indicate that the "Adaptation of the Merdeka Curriculum™ category exhibits a
significant distribution (14.60% - 21.90%).

e Critical Thinking as a Historical Concept in Science. Certain teachers acknowledge that the
notion of critical thinking has historically been integral to science education, although under the
Merdeka Curriculum, this notion is delineated as a distinct component within the Pancasila
Students Profile.
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Figure 8. Outcomes from co-document versus group codes table derived from Atlas.ti.

Furthermore, an analysis of lesson plans indicated that when teachers incorporate
problem-solving exercises, these predominantly emphasize procedural tasks rather than open-ended,
reflective discourse. This underscores the necessity for enhanced integration of critical thinking
instruction. The results underscore the imperative for professional development programs that
provide teachers with tools to facilitate discussions and promote inquiry-based learning effectively.

4.2. Input evaluation

The bar chart illustrates the percentage distribution of scores for each evaluated indicator. Figure
9 below summarizes the key findings derived from the evaluation aspects.

]

INPUT INPUT INPUT INPUT INPUT INPUT INPUT
SN 2 SN 4 SN 9 SN 12 SN 13 SN 17 SN 19

Figure 9. Distribution of scores for each assessed indicator in the input evaluation.

The evaluation results indicated that teachers utilized structured learning strategies to enhance
critical thinking, attaining an average score of 64.29%. Nonetheless, their ability to stimulate
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students' curiosity about real-world applications of science presented a challenge, reflected by a
score of 53.85%, which indicates near achievement. Teachers exhibited competence in developing
instructional strategies, attaining a score of 66.41%. Nonetheless, their efficacy in choosing
real-world examples to improve engagement in learning was limited, reflected by a score of 49.28%,
suggesting only moderate success. The results support previous studies emphasizing the importance
of context-based learning for enhancing critical thinking skills [10,30,36]. The challenges of
real-world contextualization indicate a deficiency in teachers' capacity to effectively scaffold
learning, a critical component emphasized in Vygotsky’s Scaffolding Theory [20,31].

The qualitative analysis corroborates these findings. Thematic coding revealed significant
challenges in teacher preparedness, particularly in adapting to the Merdeka Curriculum and
employing effective questioning techniques. The category of Teacher Readiness indicates that,
despite training initiatives, numerous teachers continue to face difficulties in independently
developing inquiry-based lessons that promote critical thinking among students. This aligns with
Dewey’s reflective thinking model, which posits that effective critical thinking instruction
necessitates structured opportunities for students to reflect on real-world issues [20,35]. Themes such
as a critique of critical thinking implementation and initiatives to improve teacher capacity highlight
disparities in teachers' interpretations and applications of critical thinking principles in classrooms,
indicating differing levels of metacognitive engagement as classified in Marzano’s New
Taxonomy [31].

Teacher support networks, such as the Merdeka Mengajar Platform (PMM) and MGMP
mentorship, significantly contributed to addressing implementation challenges. Teachers indicated
that involvement in these training initiatives offered essential insights for developing instruction
focused on improving critical thinking. Variations in training quality indicate a necessity for more
structured and consistent professional development programs [37]. A teacher remarked:

“Centralized training has been particularly beneficial, especially through PMM. Furthermore,
valuable insights are gained from best practices in MGMP” (Teacher 7).

Another stated:

“The initial transformation was very difficult because everything had to be prepared independently,

and learning resources were still very limited” (Teacher 8).

The findings support the constructivist learning theory from Piaget (1950) and Vygotsky (1978),
highlighting the necessity for ongoing professional development for teachers to effectively promote
student-centered learning [20,31]. The variation in training outcomes underscores the significance of
scaffolding, indicating that professional learning communities must offer structured and flexible
guidance to assist teachers in effectively internalizing critical thinking instruction. Figure 10 presents
the results of co-document analysis compared to group codes derived from Atlas.ti.
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Figure 10. The results of co-document analysis compared to group codes derived from Atlas.ti.

The qualitative findings underscore the significance of connecting training with classroom
implementation. The Adaptation category of the Merdeka Curriculum indicates that teachers
recognize the curriculum's flexibility; however, they need more explicit guidelines and
contextualized examples for effective integration. This is consistent with recent findings from the
OECD, which emphasize the necessity for structured guidance in competency-based curricula [36].
Findings indicate that motivation is significant, as teachers participating in professional learning
communities exhibit greater confidence in implementing innovative strategies. This aligns with
Vygotsky’s Zone of Proximal Development (ZPD), indicating that teachers need sufficient support
systems to move from guided instruction to independent curriculum adaptation [20,31].

4.3. Process evaluation

The bar chart in the data analysis section presents the percentage distribution of scores for each
evaluated indicator. Figure 11 below summarizes the key findings derived from the evaluation
aspects.

PROCESS SN 20
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PROCESS SN 14
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PROCESS SN 8
PROCESS SN 5
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0.00% 20.00% 40.00% 60.00% 80.00%

Figure 11. Distribution of scores for each assessed indicator in the process evaluation.

The findings from the process evaluation suggest that the incorporation of critical thinking skills
into junior high school science lessons (Phase D) was moderately successful, achieving an average
score of 61.54%. Teachers exhibited the highest effectiveness in facilitating practicum-based learning
(69.23%, achieved), while their effectiveness in employing questioning techniques (54.18%, almost
well achieved) and promoting deeper discussions among students (51.32%, almost well achieved)
was comparatively lower. This indicates that although hands-on activities improve analytical
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reasoning, additional interactive approaches are necessary to enhance conceptual understanding. This
is consistent with Marzano & Kendall's taxonomy, highlighting the significance of knowledge
application and metacognitive involvement in the learning process [31].
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Figure 12. Results of the co-document compared to the group codes table.

The values indicate the proportion of responses reflecting the presence of these factors among
various interviewees. The findings indicate that although efforts to implement differentiated learning
were present, their success varied across different contexts. The prevalence of the scientific approach
indicates a systematic, albeit somewhat inflexible, methodology, underscoring the need for more
adaptable strategies to promote critical thinking. Interaction between teachers and students, as well
as the classroom environment, are critical components of the educational process. Data from
interviews indicated that large class sizes and low student engagement hindered effective
implementation. A teacher stated:

“Students struggle to conclude. | frequently inquire, ‘What did you learn today?’ yet their responses
remain insufficient” (Teacher 6).

Another observed that the scientific approach emphasizes process skills. Teacher 2 asserts that
the implementation of learning media and questioning strategies markedly enhances active
engagement in students. Vygotsky’s scaffolding theory suggests that teachers should first model
questioning strategies, and then gradually transfer responsibility to students [20]. The zone of
proximal development (ZPD) emphasizes the significance of guided participation in fostering critical
thinking [20].

The findings demonstrate that differentiated learning, highlighted in the 2024 Curriculum Guide
by the Ministry of Education, Culture, Research, and Technology, is crucial within the classroom
setting. Differentiated instruction enables teachers to modify their teaching strategies according to
the varied needs of students, thereby ensuring the achievement of learning objectives [27]. Teachers
indicated difficulties in implementing it due to constraints related to class size. An educator noted
that the primary challenge lies in differentiated instruction. While there has been progress in
differentiating content and assessment difficulty levels, the differentiation of processes remains
difficult, particularly in large class settings. Diagnostic tests, encompassing both subject-specific and
non-academic assessments, are conducted to evaluate students’ abilities.

4.3.1. Students’ engagement and inquiry-based learning

Despite the implementation of differentiated learning strategies, teachers observed that student
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engagement was still variable. The absence of active participation was linked to restricted
students-initiated inquiry, as numerous classroom discussions remained predominantly
teacher-directed. A teacher noted that the varied conditions of students significantly impact
differentiation strategies. This presents a challenge; for instance, when differentiating content or
products, adjustments must be made according to class size and students’ conditions. The findings
are consistent with OECD findings, which emphasizes that effective education systems foster
inquiry-based and students-centered learning to enhance reasoning skills [35]. Analysis indicates that
teachers encounter significant challenges in specific competencies related to critical thinking
instruction:

1. Creating open-ended questions that encourage higher-order thinking
2. Promoting dialogues that stimulate students to question assumptions
3. Offering support that progressively enhances students” autonomy in reasoning

Recent studies emphasize the importance of active learning methods, including peer assessment
and collaborative inquiry, in improving students” critical thinking skills [6]. This study demonstrates
that instructional strategies significantly influence the development of students' analytical skills,
particularly within Southeast Asian contexts. The efficacy of these methods is corroborated by
OECD findings, which highlight the significance of inquiry-based instruction in enhancing students’
reasoning skills across various educational systems [36].

—
aﬁ‘\;n _j&
s

Figure 14. Implementation of learning in a selected school.

A critical thinking observation tool for secondary education offers a systematic method for
analyzing classroom interactions, highlighting the necessity for standardized frameworks in
assessing instructional effectiveness [18]. Document analysis indicated that although classroom
activities included students’ discussions, these were predominantly teacher-led, rather than fostering
student-driven inquiry, underscoring the necessity for a more student-centered dialogue.
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According to Dewey’s theory (1933), the lack of sufficient exposure to real-world applications
restricts students’ capacity to link conceptual understanding with practical implementation [20].
Additionally, teachers who exhibit a lack of confidence in implementing inquiry-based instruction
may revert to conventional, teacher-centered approaches, thereby diminishing opportunities for
students engagement in critical thinking [36]. The study of critical thinking skills among Malaysian
and Vietnamese undergraduates [6] highlights the impact of cultural and educational contexts on
cognitive development. The findings highlight the necessity of tailoring teacher training to specific
contextual learning environments. The OECD findings indicate that nations with high-performing
students in science education typically implement inquiry-based and students-centered learning
methodologies. This underscores the necessity for Indonesia to enhance its pedagogical strategies
through international best practices [38].

A document study revealed that although certain instructional materials incorporated case-based
learning, most did not provide explicit guidance for promoting students’ questioning of assumptions
or analysis of multiple perspectives. This finding aligns with constructivist learning principles,
emphasizing that knowledge is actively constructed through engagement with complex, real-world
problems [20]. The implementation of constructivist teaching strategies, including problem-based
learning and peer collaboration, may improve students’ engagement in critical discourse and the
development of higher-order thinking skills [36].

4.4. Product (outcome) evaluation

The average mastery of critical thinking skills among students was 55.79%, classified as "almost
well achieved”. Significant differences were observed among various skill domains. The national
competency standard (Kriteria Ketuntasan Minimum, KKM) for science subjects is established at 75.
An average score of 55.79 indicates that students have not achieved the necessary level of mastery.
This underscores the necessity for focused instructional interventions. This result not only highlights
a cognitive gap, but also underscores the significance of dispositional and metacognitive dimensions
in critical thinking, which are essential for sustained reflective habits [19,31]. Addressing this
limitation requires not just instructional redesign, but also the integration of innovative educational
technologies. For instance, recent advancements in Al-powered platforms offer analytics for
assessing argumentation patterns, while gamified tools foster self-monitoring and metacognitive
awareness in students. Structured digital environments can guide students in problem identification
and evaluation [39]. Similarly, a report from OECD underscores the role of digital literacy and
adaptive feedback systems in supporting reflection and decision-making within student-centered
curricula [35] such as Merdeka Belajar. These tools represent promising avenues to bolster reflective
skills among students in more personalized and scalable ways. Recent studies have also
demonstrated how Al-driven learning analytics and adaptive technologies can enhance students’
critical thinking and reflective processes [2,4,13,14,40].

4.4.1. Acquisition and processing of information and ideas

The fundamental element of critical thinking, involving the collection and analysis of
information and ideas, indicated that students demonstrated moderate competence in identifying and
managing information (average score: 58.26%, categorized as “needs improvement”). Yet, students
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encountered significant challenges in assessing the relevance of scientific applications in practical
contexts, achieving only 29%. The qualitative analysis revealed a persistent theme of "Challenges in
Acquiring and Processing Information and Ideas™ across the interviews and qualitative data. A
participant remarked:

“Question 1 was the clearest for me, as the phrase 'if the mouse population decreases' illustrated its
consequences within the food chain.” Students 1. Another individual noted, “I recalled that
question 2 contained a clue in the tropical forest data, which aided my comprehension of the
question” (Individual 2).

The findings align with the study of Rubenstein et al. (2020), who state that students utilize
inductive tactics, including re-reading and identifying essential terms, to address challenges [39],
which aligns with the problem identification component of Marzano’s New Taxonomy [31]. Students
demonstrated limited ability in crafting relevant scientific inquiries, attaining scores of 45.66% and
50.23% on different question items. The primary concern identified was the assessment of
information about practical science applications, suggesting that students encountered difficulties in
applying classroom knowledge to real-world contexts. Dewey’s reflective thinking model (1933)
emphasizes the importance of directly teaching reflection, enabling students to link theoretical
concepts with real-world applications [20]. A contextual learning approach combined with
problem-based instruction offers structured opportunities for students to engage in deeper inquiry.
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Figure 15. Results from the co-document and group codes table derived from the Atlas.ti.

Rogers' (1969) motivational theory of experiential learning, alongside contextualized and
problem-based learning approaches, elucidates how meaningful learning can enhance students'
engagement [20]. Thus, highlighting learning relevant to students’ lives, which is self-initiated and
permits self-evaluation, will significantly enhance their intrinsic motivation to engage in critical
thinking and deeper information processing.

4.4.2. Analysis and evaluation of reasoning and procedures

The second component of critical thinking, which involves analyzing and evaluating reasoning
and procedures, demonstrated an average mastery level of 56.48%, indicating it was nearly well
achieved. Students encountered difficulties in identifying core problems, with rates of 41.55% and
44.29%, as well as in making informed decisions based on the provided information, at 47.03%.
These challenges indicate that students require explicit instruction in logical reasoning and
systematic problem analysis. Marzano’s New Taxonomy states that analytical reasoning is a
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multidimensional cognitive process necessitating scaffolding through directed inquiry and
demonstration [31]. The qualitative analysis shown in Figure 17 demonstrates that the theme
‘Difficulties in Analyzing and Evaluating Reasoning and Procedures' represents a notable challenge.
Students faced difficulties in:

1. Identifying the primary issue of the problem
2. Making decisions based on the available information

In contrast, students exhibited an adequate capacity to conclude the provided data, attaining
scores of 57.76% and 68.95%. This indicates that although students can summarize knowledge, they
may not consistently assess its accuracy critically. A student remarked:

“I frequently encounter diseases like acid reflux and diabetes, yet I have not completely understood
their symptoms” (Students 3),

This finding emphasizes the distinction between rote learning and profound comprehension. This
corroborates results indicating that scientific reasoning requires explicit training instead of being
presumed to evolve naturally [6]. Moreover, students exhibited a notable skill in decision-making
(81.28%), reflecting their ability to choose suitable replies when confronted with structured options.
Their ability to analyze reasoning errors showed significant variation across various question items,
with percentages of 34.02% and 60.50%, respectively. This discrepancy suggests that students can
recognize faulty reasoning in familiar contexts but struggle to apply this skill to unfamiliar problems.
The importance of explicit learning strategies in scientific reasoning, allowing students to move
beyond mere memorization of concepts to engage in comprehensive analysis [30,41].

4.4.3. Analysis of cognitive processes and logical reasoning

The third component, reflection and metacognition, attained an overall score of 50.40%,
signifying that students can assess their cognitive processes to some extent, but require additional
support for systematic reflection. An indication evaluating the ability to clarify underlying
assumptions received a moderate score of 68.26%, indicating that students can express implicit
reasoning when the topics are familiar. In contrast, a second comparable indicator, requiring
systematic thinking based on an experiment, produced a significantly lower score of 21.23%. This
indicates that students struggle to identify implicit assumptions in scientific investigation and
controlled variables.

Interviews with students validated this discovery. A participant exhibited confidence in
responding to a question on an electrical circuit, stating:

“T recognized that the essential factor in answering this was the nail's ability to conduct electricity” (Students 4).
Another student misinterpreted the same concept, asserting:
“T thought the lamp would be brighter because of the nail” (Students 5).

The responses demonstrate the necessity for organized hypothesis-testing efforts, as outlined in
Marzano’s Knowledge Utilization framework. The results align with OECD research,
demonstrating that explicit education in metacognitive methods enhances introspection and
self-regulation [42]. Integrating structured peer discussions, reflective journaling, and debate-based
activities into science instruction may enhance students' capacity to critically assess their reasoning
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processes. Rogers' (1969) theory posits that meaningful learning with personal relevance enhances
students’ ability to engage in reflection and self-evaluation [20].

Thus, students demonstrated competence in gathering information and making decisions, but
they still need to improve their reasoning evaluation, error analysis, and reflective thinking skills.
The results highlight the importance of educational systems that explicitly develop critical thinking
abilities. The integration of inquiry-based and problem-based learning methodologies enhances
students’ ability to apply scientific principles in practical contexts [18]. Additionally, scaffolding
strategies, particularly those integrated into inquiry-based science learning, may help foster student
engagement and reasoning [2,31]. A structured, evidence-based learning approach is necessary for
enhancing students’ critical thinking skills and equipping them for future academic and professional
challenges. Being unable to address deficient critical thinking skills could affect students’
problem-solving abilities and career readiness, as well as constrain their adaptability to the changing
demands of the workforce and higher education.

5. Conclusions, implications, and recommendations
5.1. Conclusions

This study's results indicate that the Merdeka Curriculum implementation is shown to be
effective in enhancing students’ critical thinking skills, particularly when applied consistently and
supported by appropriate scaffolding. The process and evaluation factors of critical thinking
demonstrate positive outcomes in science learning. Nonetheless, challenges remain in the
implementation of project-based learning and the integration of contextual approaches that require
further enhancement. Resource limitations and the necessity to enhance teachers' competencies are
factors influencing the effectiveness of curriculum implementation. Consequently, systematic
enhancements are required to optimize students’ outcomes.

5.2. Implications

The results of this study hold significant implications for educational policy, institutions, and
instructors, particularly for the implementation of the deep learning methodology. This study's
findings underscore the necessity for policymakers to enhance support for teachers in the execution
of project-based learning and critical thinking, which are integral to the framework of deep learning.
This research indicates that the effective execution of this strategy in schools is significantly
contingent upon teachers' preparedness and the provision of sufficient educational materials. As
schools migrate to deeper learning practices, it is imperative to maintain and adapt instructional
methods that have demonstrated efficacy in fostering critical thinking. This research offers teachers
insights into the significance of innovative learning strategies to enhance the effectiveness of
fostering critical thinking among students in response to evolving educational methodologies.
Through ongoing enhancement, the education system is anticipated to become more effective in
attaining its objectives.

5.3. Recommendations

Based on the research findings, several recommendations can be proposed to enhance the
efficacy of the Merdeka Curriculum implementation. Teacher training must emphasize inquiry-based
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learning methodologies and Socratic questioning to enhance students’ critical thinking abilities. The
incorporation of technology in education, including Al-driven learning aids and gamification, is
anticipated to enhance student engagement. Yet, its execution must correspond with the school's
infrastructure and digital preparedness, guaranteeing equitable access for all students. Furthermore,
the integration of Al in education must maintain academic integrity and ethical standards, ensuring it
functions as a tool to enhance learning rather than supplant essential cognitive processes. Third,
educational authorities and institutions need to ensure the availability of learning resources that
facilitate the application of the Merdeka Curriculum, including interactive modules and access to
online learning platforms. Future studies should incorporate structured observations and peer
assessments to evaluate how critical thinking skills are more accurately applied in classroom settings.
Additionally, students’ evaluation may include diagnostic evaluations for project-based critical
thinking abilities and analysis of assignment portfolios. Moreover, educational institutions and
authorities may conduct curriculum evaluations, and frequent assessments using measurable success
criteria, such as improved instructor proficiency and student assessment results.

6. Limitations and future research
6.1. Limitations

This study employed an evaluative methodology utilizing the CIPP model, incorporating teacher
interviews, analysis of lesson plan documents, and classroom observations for data triangulation.
Nonetheless, certain methodological constraints must be acknowledged. The observation could not be
comprehensively executed due to the time constraints imposed by the school, resulting in incomplete
documentation of certain aspects of the learning dynamics. Second, this study predominantly depends
on data derived from teacher and students reports, which may exhibit perceptual bias. To mitigate this
potential bias, the research corroborates the findings using document analysis and comprehensive
interviews. The scope of this study is confined to schools in Mataram City, hence the findings may not
be entirely generalizable to other regions with distinct educational environments.

6.2. Future research

Future research should undertake a longitudinal assessment of the Merdeka Curriculum
implementation to ascertain its enduring effects on students’ critical thinking abilities. Cross-regional
investigations are essential to examine how varying educational environments influence the effective
execution of this curriculum. Moreover, subsequent studies could enhance the analysis through a more
comprehensive mixed-method approach, incorporating prolonged classroom observations and
experimental experiments to evaluate the efficacy of learning methodologies. Future research should
adopt experimental or quasi-experimental designs to compare the effectiveness of various instructional
approaches, such as inquiry-based learning versus traditional methods, or to test the impact of specific
scaffolding strategies like structured discussions or technology-integrated tasks. Such designs would
allow for a more rigorous evaluation of causality and better align with the evidence-based intervention
focus of STEM education.
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Appendix
A.1. Interview guideline for teachers.
Evaluation Evaluation Sub-Aspects No Questions for Teachers
Aspects

o |dentification of the objectives of the 1 | What is your comprehension of the Merdeka Curriculum?
critical thinking dimension contained in | 2 | What is your interpretation of the critical thinking aspect
the Merdeka Curriculum within the Pancasila students’ profile?

e Understanding of the dimensions of | 3 | To what extent have you incorporated the critical thinking
critical  thinking,  elements,  and aspect into Phase D scientific education?
sub-elements contained in the critical | 4 | What is the demographic profile of the students you

Context thinking dimension is adjusted to the instruct? Do they possess diverse critical thinking
context of science learning in Phase D to abilities?
facilitate students’ needs to have critical | 5 | what methods can be employed to ascertain requirements
thinking skills inpublic junior high for the implementation of the Merdeka Curriculum to
schools in Mataram City. enhance the development of critical thinking skills in
students within the framework of Phase D scientific
education?

e Examining the methodology employed | 6 | How explicit is the direction you received concerning the
to integrate the components and Phase D science learning outcomes?
subcomponents of students critical | 7 | What resources do you utilize for instruction, and how do
thinking dimensions in Phase D science they facilitate the enhancement of critical thinking
education. abilities?

e Examining the learning strategies | 8 | Do you employ diverse pedagogical methods to assist

Input employed to enhance critical thinking students with deficient critical thinking abilities? In
skills in Phase D science education. what manner?

e The preparedness of human resources | 9 | How do you tailor your instructional methods to
and educational materials to facilitate accommodate the unique demands of students with
the execution of the critical thinking varying abilities?
aspect of Phase D science. 10 | In what ways do training and professional development

e The Merdeka Curriculum  policy enhance your ability to teach critical thinking skills?
encompasses the design aspects related
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to critical thinking dimensions and

learning outcomes in Phase D science.

Process

the of the
techniques devised and executed to

Evaluating effectiveness
enhance critical thinking skills in the
Phase D science education process within
public junior high schools in Mataram
City.

11

Which pedagogical approaches do you employ to foster
critical thinking among students? Could you provide

examples?

12

What methods do you employ to assess pupils' critical
thinking abilities throughout the educational process?
Avre these assessments formal (tests, quizzes) or informal

(observations, discussions)?

13

What is the primary problem you encounter in instructing

critical thinking skills? How do you surmount them?

14

How do you evaluate the effectiveness of your methods in
enhancing pupils' critical thinking abilities?

15

Comprehensive interview concerning a specific facet of
deficient critical thinking

A.2. Interview guideline for teachers.

Evaluation
Aspects

Evaluation Sub-Aspects

No

Questions for Students

Product
(Outcome)

Assess the attainment of skills
according to the components and
subcomponents within the critical
thinking dimension.

In what manner did the instruction you received
enhance your critical thinking abilities? Could you
provide some instances from your experience?

Did you feel compelled to inquire and critically
evaluate material during class? Could you provide
instances in which you were motivated or a lack
thereof?

How do you comprehend the subjects examined in
class? What techniques or instruments did you

employ to enhance your comprehension?

Did the instructional approaches employed in the
classroom facilitate your comprehension of the
lesson? What are the reasons for or against?

What actions do you take when you struggle to
comprehend the lesson?

Comprehensive interview concerning a facet of
deficient critical thinking
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