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Abstract History

This study developed a physics teaching module on temperature and heat for Grade Received:
XI students based on Problem-Based Learning (PBL), integrated with deep learning November
principles and PhET virtual simulations. The study was restricted to the first three 19, 2025
stages of the 4-D model (Define, Design, Develop) due to time and resource

limitations. Three experts (content, media/design, and curriculum) used Aiken's V

coefficient to validate the module, and ten students from SMA PGRI Gelumbang, Revised:
South Sumatra, participated in a small group trial to evaluate its usefulness using a January 28,
Likert scale questionnaire that was analysed using the HEOS percentage formula. 2026

The module was classified as Very Valid based on the validation results, which

showed Aiken's V coefficients ranging from 0.83 to 1.00 across all 22 indicators. For Accepted:
all six-usability metrics, the curriculum fell into the Practical to Very Practical February 3,
category, with practicality scores ranging from 83% to 90%. Students developed 2026
preliminary theories on specific heat capacity and successfully ran PhET simulations

on their own. These results, however, only represent theoretical viability (validity)

and usability (practicality); the study only included ten students from a single school

and lacked control groups and pretest-posttest instruments; thus, it was unable to

gauge real progress in critical thinking abilities. To experimentally evaluate the

module's effect on cognitive results, future studies should employ quasi-experimental

designs for the Disseminate phase.
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1. INTRODUCTION

In science education, particularly in physics, critical thinking abilities are one of the 21st-century skills
that need to be strengthened since they help students analyze, assess, and solve problems in a rational and
thoughtful way. With a starting score of just 47.82 and a learning completeness percentage of 29.4% (Astra et
al., 2019) several studies demonstrate that 11th grade students' critical thinking abilities on the issue of
temperature and heat are still low (Sujanem & Putu Suwindra, 2023). The abstract nature of the subject matter
and the prevalence of traditional teacher centered learning, which tends to render students passive and dependent
on memorization, are the primary causes of these findings. The difficulty of differentiating between temperature,
heat, and internal energy, as well as the difficulty of comprehending the microscopic mechanics of heat
transport, are two widespread misconceptions (Agus Kurniawan et al., 2020). The prevalence of traditional
teacher centered learning, which tends to keep students passive and reliant on rote memorization rather than
fostering conceptual understanding, exacerbates this predicament.

Temperature and heat are considered difficult topics by students (Mahmud et al., 2024), yet they are
highly relevant to everyday life such as in understanding thermal insulation, cooking processes, or climate
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regulation. Indeed, research findings indicate that students experience serious difficulties in grasping the
concepts of heat and heat transfer precisely because instruction remains dominated by lecture methods and the
rote memorization of formulas, rather than promoting understanding through the analysis of real-world
phenomena (Putri & Prahani, 2024). In actuality, even some Problem-Based Learning (PBL) modules
developed for this topic still prioritize procedural steps over deep conceptual engagement, failing to fully
integrate principles of deep learning.

It has been demonstrated that PBL is effective in improving students' critical thinking skills. Students are
encouraged to actively participate in group discussions when the Problem-Based Learning (PBL) approach is
implemented, share their prior knowledge, and collaborate in solving contextual problems related to temperature
and heat, significantly increasing their learning activities into the active category (Safitri et al., 2023; Yovianda
et al., 2019). Problem-Based Learning (PBL) encourages students to construct their own knowledge through
scientific activities, group discussions, and contextual problem-solving, thereby enhancing conceptual
comprehension and developing higher order thinking abilities (Serevina & Sari, 2018a). In PBL, students do
not merely receive information, but actively engage in group discussions, simulation data analysis, and the
construction of scientific arguments processes that directly train critical thinking skills (Adhelacahya et al.,
2023). According to studies, PBL significantly improves students' learning activities and problem-solving skills,
two essential pillars in the development of critical thinking (Pratiwi et al., 2020; Yovianda et al., 2019).

Additionally, PBL stimulates higher order thinking processes by encouraging students to interact with
real world problems (Otoluwa et al., 2024). A meta-analysis (Liu & Pasztor, 2022) of 58 effect sizes from 50
trials provides more empirical support, demonstrating that PBL significantly improves critical thinking abilities.
Research (Abdullah et al., 2024) demonstrates an increase in students' conceptual mastery and cognitive
engagement even in a digital setting, with an N-gain value of 0.73. However, through interactive experiments,
PhET virtual labs have been shown to be successful in assisting students in comprehending abstract physics
ideas (Rahmadita et al., 2021). Lack of learning materials that promote deep information processing frequently
hinders PBL implementation. Deep learning principles have not been included in many earlier works. Deep
comprehension, conceptual linkages, critical analysis, and the application of knowledge in novel circumstances
are all stressed in this method. According to a meta-analysis of 17 research by (Taufik et al., 2025), studying
using a deep learning strategy significantly improves students' critical and scientific thinking abilities (d=0.88,
high category). These results demonstrate the superiority of deep learning over rote learning. Despite being
utilized as an additional tool, PhET's integration with deep learning concepts is still subpar. This potential can
be maximized when combined with a structured pedagogical approach like PBL and deep learning principles.
A learning strategy that promotes both active student participation and deep comprehension through contextual
idea exploration is required to get over this restriction.

Learning about temperature and heat, which is often considered abstract and prone to misconceptions,
can be enriched through PBL, interactive virtual experiments (PhET), and a focus on deep learning, which has
the potential to create a more effective learning environment for improving critical thinking abilities. Therefore,
the goal of this research is to create a PBL based learning module on temperature and heat. This module
comprehensively combines the principles of deep learning and PhET virtual practicums. With this design, it is
hoped that the module can function not only as a quality and practical learning resource, but also to encourage
students to think critically in compliance with the requirements of the Merdeka Curriculum and 21st-century
competencies.

2. LITERATURE REVIEW
2.1.Problem Based Learning

A learning approach called problem-based learning (PBL) uses actual issues as the backdrop for teaching
scientific ideas to students. Instead, then just having students memorise formulas, PBL pushes them to explore
phenomena like heat transfer or changes in the state of matter when it comes to temperature and heat. With this
method, the emphasis is shifted from passive learning to active problem-solving. In this case, the problem that
is being presented serves as a catalyst that compels students to exercise critical thinking, evaluate circumstances,
and look for pertinent material in order to develop their own knowledge either alone or in groups. According to
(Serevina & Sari, 2018b), PBL included into instructional materials can greatly boost student engagement since
it challenges them to solve problems that are applicable to everyday life. Students must be required to work in
groups and undertake scientific research in order to solve the challenges that are presented in relation to
temperature and heat. Students get the ability to respect others' viewpoints, share assignments, and combine
different ideas to create the best answers through the process of group cooperation, which eventually improves
both their academic and social skills at the same time.
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According to (Veronika Tiara et al., 2024) the PBL syntax which includes problem orientation, student
organisation, enquiry, result presentation, and evaluation offers a solid foundation for developing a profound
comprehension of ideas. These procedures help students comprehend the scientific method underlying each
phase of problem-solving in addition to concentrating on the end product. In order for students to actually
experience the process of "discovering" the concepts of temperature and heat, this model works best when
accompanied by a teaching module created especially to lead students' investigative steps methodically. The
module should provide clear guidance without delivering direct answers. These methodical procedures along
with the module's relevant instructions will guarantee that the knowledge gained is not only theoretical but also
useful and applicable.

2.2. Critical Thinking Skills

Analysing, synthesising, and assessing data obtained through reasoning or observation is a disciplined
intellectual process that is known as critical thinking. Critical thinking is crucial in physics classes, especially
when discussing temperature and heat, because it helps students separate scientific truths from conjecture and
use ideas to address real world situations. Being able to ask why certain heat transfer processes occur and how
these ideas apply in intricate new scenarios is a key component of critical thinking, which goes beyond simply
learning the definitions of conduction and radiation. As a result, this capacity is the main basis for children to
function as young researchers who can relate abstract ideas to tangible facts in their environment.

According to (Permatasari & Satianingsih, 2025) students who possess strong critical thinking abilities are
able to construct problems in an understandable manner, offer arguments that are backed up by evidence, and
arrive at logical conclusions after analysing experimental data. This ability must be taught via teaching strategies
that require in-depth examination, like PBL, as it does not develop naturally. Students learn to check and assess
the data they get when doing experiments on thermal expansion or heat capacity, rather of taking information
at face value, through consistent practice within the PBL framework. This develops a student's capacity for
focused thought, scientific scepticism, and the ability to consider a subject from multiple angles before coming
to a decision.

Rizki et al. (2019) adds that the capacity to infer, organise strategies and tactics in problem-solving, and
offer straightforward explanations are all signs of critical thinking. Investigative tasks included in the module's
student worksheet must therefore be incorporated into the design of PBL-based teaching modules in order to
encourage these indications. Additionally, in order to acquire this skill, students must engage in metacognition,
which involves reflecting on their own thought processes and identifying the arguments' advantages and
disadvantages. Students will learn to organise problem-solving processes methodically, assess the findings of
their own investigations, and present scientific findings with compelling and logical arguments by incorporating
activities that refine these markers into the lesson plan.

2.3.Module Development and the 4D Model

The methodical process of developing modules is intended to produce organised instructional resources
that support students' self-directed learning. The 4D model created by Thiagarajan, which has four primary
stages, Define, Design, Develop, and Disseminate is the development model used in this study. This model was
chosen because it uses methodical and structured processes to create educational materials that are both reliable
and successful. This method guarantees that the final module is a guided learning experience catered to
particular educational goals rather than just a compilation of facts. In order to make sure that the module created
is pertinent and focused, (Anggreani et al., 2025) assert that the Define stage of the 4D model is essential for
examining student demands as well as the properties of the temperature and heat material. Before conducting
restricted student trials, expert validation is carried out throughout the Design and Develop stages to guarantee
that the module's content and design are adequate. The module's standard technical and instructional quality is
ensured by this development procedure, which qualifies it for use in the classroom.

According to (Suryadi et al., 2019) the 4D model's Disseminate stage is frequently the last step in getting
the verified product in front of more people, such other educational institutions or through a scientific
publication. In order to accomplish the objective of improving critical thinking abilities, the temperature and
heat module was developed using a 4D model, which guarantees that the finished result is both theoretically
and practically feasible in authentic learning situations. This methodical approach turns the module into a
powerful instrument that teachers can use to raise the standard of physics instruction.
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3. RESEARCH METHOD

This study uses the 4-D development model (Define, Design, Develop, Disseminate) as proposed by
(Zamsiswaya et al., 2024). However, in this study, the Disseminate stage was not implemented due to time and
resource constraints.

Define — Design

Dissemination <= Development

Figure 1. 4-D model flowchart
Research Type
The study is categorized as a qualitative and quantitative developmental research, aiming to produce a valid
and practical physics teaching module based on Problem-Based Learning (PBL) integrated with PhET virtual
labs. The research followed a formative evaluation approach, involving expert validation and small group trials
to assess product quality.

Time and Place

This research was conducted from August to November 2025 in various locations in South Sumatra Province,
Indonesia. The literature review and initial design were carried out at Sriwijaya University, while expert
validation involved subject matter experts, media experts, and design experts, including physics teachers from
SMA PLUS Negeri 2 Banyuasin III and SMKN 1 Martapura high schools. A small group trial was conducted
at SMA PGRI Gelumbang South Sumatra, which was selected due to its suitability for the target student profile.
There were 10 students in the trial.

Procedures
These phases, which are restricted to the development stage until the product revision can be shown below,
can be summed up into three stages.

1. Define stage, in order to identify learning issues in the grade XI Heat and temperature, as well as pupils'
inadequate critical thinking skills and misconceptions about temperature and heat, a requirements analysis
was carried out by studying the literature. The development method for a Problem-Based Learning (PBL)
module linked with PhET virtual experiments is determined by examining student characteristics and
curriculum analysis (Merdeka Curriculum Phase F).

2. Design Stage, this is the first phase of creating the final product. The developed product is adapted to the
subject matter and learning objectives. This stage begins with establishing the main concepts found in the
temperature and heat material.

3. Development stage, is where the development product is made. After going through a revision process
based on feedback from validators, the goal of this stage is to create the final version of the model and
tools. Small group trials are also carried out at this point to gauge the product's usefulness.

4. Disseminate Stage, this phase involves sharing the findings of the study. Nevertheless, the Disseminate
stage was not used in this investigation. The primary focus of this research is the development and
validation of a PBL (Problem-Based Learning) physics module. The research procedure emphasized an
iterative process of designing, validating through expert assessment, and refining the product based on
feedback to ensure its quality and scientific accuracy. Therefore, this study did not extend to the
dissemination phase, as its scope was determined by the goal of creating a validated prototype, not
widespread implementation or commercialization. The product's practicality was assessed to confirm its
usability in a controlled environment, completing the learning materials development phase.
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Data Collection Technique

Non test instruments, such as survey sheets and questionnaires, were used in data gathering procedures
(Hudaya Salsabila et al., 2023). The study employed purposive sampling to select participants who could
provide specific information regarding the feasibility and usability of the developed module (Supriyadi et al.,
2021). Three expert validators were selected based on specific criteria to ensure scientific and pedagogical
soundness: a content expert, who is a senior physics teacher with a Master’s degree in Physics Education and at
least 5 years of experience; a media expert, who is a physics teacher specializing in instructional media and the
integration of PhET simulations; and an instructional design expert, who is a certified physics teacher with over
5 years of experience in the Merdeka Curriculum. For the small group trial, ten Grade XI MIPA students were
purposively selected based on two main criteria: they had already completed introductory physics courses to
ensure they possessed the prerequisite knowledge, and they represented a heterogeneous mix of academic
abilities (high, medium, and low). This purposive selection ensures the module's usability, clarity, and
interactivity are effectively assessed across all levels within the target user profile.

Data Analysis Technique

The data collected from the validation sheets and practicality questionnaires were analyzed using quantitative
descriptive techniques. Validity Analysis (Expert Assessment): To measure the validity of the module from the
expert validators, this study utilized Aiken's V formula. This technique is used to quantify the agreement among
raters regarding the relevance and quality of the module components, which is more robust than simple averages
(Nurjanah et al., 2023). The formula used is:

V= L x 100%
[n(c — D]

Where: § = r — I
Explanation:

n: number of assessors

lo: lowest assessment score

c: highest assessment score

I: score given by assessor
The content validity criteria for module components are based on the Aiken's V coefficient value.
Based on the analysis of three validators with a five-point Likert scale, the component is declared
valid.

Table 1. Interpretation of Validity Index

Aiken index scale range Description
V>0.84 Very Valid
0.68<V<0.84 Valid
0.52<V<0.68 Moderatly Valid
0.36<V<0.52 Less Valid
V=0.36 Not Valid

(Hafild et al., 2025)

For small group trials, the percentage of one-to one evaluation and small group (HEOS) results is
calculated using the following formula:

questionnaire score
HEOS = - x 100%
maximum score

Table 2. Results Categories

Percentage % Classification
86 <HEOS <100 Very Practical
70 <HEOS < 86 Practical

56 <HEOS <70 Less Practical
HEOS <56 No Practical

(Wiyono, 2015)
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4. RESULT AND DISCUSSION
4.1 Development of PBL-Based Teaching Modules with Integration of Deep Learning and PhET Virtual

Lab

Critical thinking skills were operationalized based on Ennis’s framework, which includes five core aspects:
basic explanation, the foundation for judgment, deduction, sophisticated explanation, conjecture, and integration
(Darmawati & Mustadi, 2023). These dimensions guided the design of assessment instruments and problem
scenarios in the module. Using a 4-D development approach with four stages Define, Design, Develop, and
Disseminate this study created a physics teaching module for Grade XI students’ high school will engage in
problem-based learning (PBL) on the subject of temperature and heat. However, due to time and resource
limitations, the Disseminate stage was not carried out in this study. As a result, the study's scope was restricted
to the Define, Design, and Develop phases. The outcomes depending on the use of these three steps are discussed
in the following.

Research items are designed based on the identification of learning challenges during the Define stage
(Sajiwo et al., 2019). A review of the literature, a study of curriculum documents, and the identification of
student characteristics are all used in needs analysis. As evidenced by their inability to differentiate between the
concepts of heat and temperature and evaluate heat flow (Astari et al., 2022; Kapul et al., 2023; Reyza Arief
Taqwa & Suyudi, 2020; Yuliana et al., 2023), as well as their poor critical thinking abilities when examining
common thermal phenomena (Lubis & Sabani, 2023; Sundari & Sarkity, 2021). According to an analysis
of the learning objectives for Phase F of the Merdeka Curriculum, students must be able to evaluate physical
concepts and apply them in practical situations in order to understand the material on temperature and heat. A
problem-based approach combined with PhET virtual experiments was selected as the primary method since it
is expected that grade XI students have a basic understanding of hot and cold phenomena and experience with
changes in the form of substances. The ability of the PhET Energy Forms and Changes simulation to illustrate
abstract ideas like thermal energy transfer and heat capacity led to its selection. This aligns with the results
(Abadi et al., 2025) that numerous empirical studies demonstrate that using PhET simulations enhances students'
conceptual understanding of temperature and heat, particularly in differentiating between temperature and heat,
comprehending heat transfer, and analyzing the relationship between variables because its interactive
visualization enables virtual exploration of thermal phenomena that cannot be accomplished through traditional
learning.

A five-step PBL structure problem orientation, organizing learning, group inquiry, development and
presentation of outcomes, and process analysis and evaluation was used to design the module during the Design
stage. Based on a meta-analysis showing that PBL significantly improves high school pupils' capacity for critical
thought when studying physics (Arifah et al., 2021) it was chosen to address the issues found during the Define
stage. Every step is connected to contextual occurrences, such as how thermoses keep temperature, why pot
handles are not made of metal, and why ice crystals cool drinks. Students heat several materials (iron, water,
oil, and stones) and record the temperature changes as part of the primary PhET simulation exploration exercise.
In addition to analyzing the function of specific heat, experimental data is utilized to differentiate between the
concepts of temperature (degree of heat) and heat (energy transfer). Worksheets, conversation observations,
reflective journals, and contextual essay assessments that gauge conceptual comprehension, formula
application, and critical thinking abilities are all part of the entire assessment plan.

According to (Ratnasari et al., 2025), three primary tactics that align with deep learning principles are used
to operationalize the integration of deep learning concepts in this module. (1) reflective questions at the
conclusion of each learning cycle that prompt students to consider presumptions and connect ideas to personal
experiences; (2) data analysis tasks from PhET simulations that call for scientific inference, like comparing
temperature increases of different materials to comprehend the function of specific heat; and (3) enrichment
based contextual projects, like creating thermal insulators out of recycled materials or suggesting energy
efficient home designs, which make it easier to apply concepts in practical settings. This method continuously
changes the emphasis of learning from memory to deep comprehension, conceptual connections, and knowledge
transfer all of which are key elements of deep learning.

Specific student-centered activities combined with PhET simulations operationalize each phase of the
PBL paradigm. During the problem orientation phase, for example, students are asked, " Do you know why
metal spoons get hot faster than wooden spoons.?” This inquiry causes cognitive dissonance regarding heat
transport mechanisms and stimulates past knowledge. Using the PhET "Energy Forms and Changes" simulation,
students collaborate to investigate how various materials (such as iron, water, oil, and brick) react to thermal
energy during the group inquiry phase. In order to encourage thoughtful data interpretation and conceptual
knowledge of specific heat capacity, they monitor temperature changes, compare AT values, and examine
particle behavior. Students share their findings, engage in debate, and consider whether their initial hypotheses
are consistent with the experimental outcomes during the presentation and reflection phases. These methodical
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procedures guarantee that PBL is closely related to critical thinking and scientific investigation rather than just
being procedural. Figure 2 below illustrates how this five-stage PBL syntax is used.

LR T S AL AR T

vehesdae [T

Figure 2. Problem-Based Learning Syntax in the Temperature and Heat Module

4.2 Module Validity Results by Experts
Table 3. Overview of the results from the validation computation of Aiken's V value
Dimension

Item . Rater 1 Rater 2 Rater 3 S1 S2 S3 S \Y Judgement
Indicator

1 Content 5 5 5 4 4 4 12 1.00 Very Valid
2 Suitability 5 5 5 4 4 4 12 1.00 Very Valid
3 4 5 5 3 4 4 11 0.92 Very Valid
4 5 5 5 4 4 4 12 1.00 Very Valid
5 5 5 5 4 4 4 12 1.00 Very Valid
6 Presentation and 5 5 5 4 4 4 12 1.00 Very Valid
7 Learning 5 5 5 4 4 4 12 1.00 Very Valid
8 Strategy 5 5 5 4 4 4 12 1.00 Very Valid
9 5 5 5 4 4 4 12 1.00 Very Valid
10 5 5 4 4 4 3 11 0.92 Very Valid
11 Graphics  and 4 5 4 3 4 3 10 0.83 Very Valid
12 Design 5 4 4 4 3 3 10 0.83 Very Valid
13 5 5 5 4 4 4 12 1.00 Very Valid
14 Learning 5 5 5 4 4 4 12 1.00 Very Valid
15 Approach (PBL) 4 5 5 3 4 4 11 0.92 Very Valid
16 5 5 5 4 4 4 12 1.00 Very Valid
17 Assessment 5 5 5 4 4 4 12 1.00 Very Valid
18 5 5 5 4 4 4 12 1.00 Very Valid
19 5 5 5 4 4 4 12 1.00 Very Valid
20 Relevance to 5 5 5 4 4 4 12 1.00 Very Valid
21 Student 5 4 5 4 3 4 11 0.92 Very Valid
22 Characteristics 4 5 5 3 4 4 11 0.92 Very Valid

Based on the calculation of Aiken's V coefficient in Table 3, all 22 module indicators obtained V
values ranging from 0.83 to 1.00. This range meets the criteria for highest validity. These findings
confirm that the module has met technical feasibility standards from three expert perspectives. In
addition to being confirmatory, the three experts' validation procedure produced significant revision
inputs that were put into practice before the small-group study. Significant changes included: (1)
improving the Student Worksheet's instructions, which were judged to be insufficiently operational
and in need of more precise procedural guidance; (2) adjusting the background colour contrast of the
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module to make the text easier to read and lessen visual fatigue; and (3) adding contextual examples
to the presentation of important concepts to increase clarity and relevance.

All five indicators in this dimension met validity criteria with coefficients between 0.92 and 1.00.
It was determined that the incorporation of the PhET Energy Forms and Changes simulation was
successful in depicting abstract thermal phenomena including heat energy transfer and specific heat
capacity. V scores varied between 0.92 and 1.00 in the learning approach and presentation dimension.
This illustrates the methodical and contextual architecture of the five-stage PBL syntax. Every step
include leading questions that pique students' interest and encourage cognitive engagement in addition
to adhering to the PBL procedural structure. V coefficients for the media and graphics dimensions
ranged from 0.83 to 1.00. Visual ergonomics principles have been taken into consideration in the
module's layout, typography choice, and illustration use to reduce unnecessary cognitive load and free
up students' attention for processing conceptual material.

The three validators gave each indicator a maximum score of five in the assessment and student
characteristics relevant aspects. The assessment tools, which include student worksheets, reflective
journals, and contextual essay tests, were created with the goal of fostering critical thinking abilities
in mind. Additionally, the lesson has integrated locally relevant situations and considered the past
knowledge of Grade XI MIPA students. It is important to note that expert validity does not represent
actual data of enhanced critical thinking abilities; rather, it merely represents the module's theoretical
viability as a requirement for implementation. Because this study's developmental scope is restricted
to the Define, Design, and Develop stages of the 4-D model, it was unable to conduct field trials with
experimental designs that directly evaluate changes in cognitive capacities, which is necessary for
claims regarding learning efficacy. However, the remarkably high validity results guarantee that the
module is prepared to move on to the limited trial phase, which will gauge its applicability and student
acceptance in real-world learning environments.

4.3 Practical Results of the Module by Students
Table 4. Results of Student Responses to PBL-Based Teaching Modules

Indicator Score Maximum Score Score (%)  Category
Ease of use 127 150 84.66 Practical
Media presentation standards 45 50 90 Very Practical
Understanding of material 83 100 83 Practical
Critical thinking skills 88 100 88 Very Practical
Use of language 83 100 83 Practical
Media design 42 50 84 Practical

Ten Grade XI MIPA students participated in a small-group testing. The results showed HEOS percentages
ranging from 83% to 90%, which classified the module as Practical to Very Practical for all six parameters
(Table 4). Media presentation standards (90%) and critical thinking abilities (88%) received the highest results,
while the Practical category included ease of use (84.66%), media design (84%), comprehension of the content
(83%), and language use (83%). According to these findings, students thought the module was easy to use,
aesthetically pleasing, and intellectually stimulating.

Students successfully completed the following tasks during the trial: (1) independently operated the PhET
Energy Forms and Changes simulation controls; (2) entered the AT values for the four materials (brick, water,
oil, and iron) in worksheet tables; and (3) developed preliminary hypotheses regarding specific heat capacity
based on patterns in the data. Nevertheless, during think aloud procedures, two technical terms "thermal
equilibrium" and "heat flux" were found to be difficult to understand. In response to this criticism, the final
module version included glossary boxes with simpler definitions and common analogies for both concepts.

It is crucial to emphasize that practicality does not equate to learning effectiveness. While students found
the module usable and engaging, this trial measured only usability not actual improvement in critical thinking
skills. The absence of pretest-posttest instruments or a control group means that claims about "enhancing critical
thinking" remain theoretical. Furthermore, the small sample size (n = 10) from a single school in South Sumatra
limits the generalizability of findings. These constraints align with the study's developmental scope, which was
restricted to the Define, Design, and Develop phases of the 4-D model.
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4.4 Pedagogical Implications and Relevance to the Merdeka Curriculum

The emphasis of this course is not on the technical or practical aspects of teaching, but rather on the
ability to construct an epistemological relationship between students, physical concepts, and real-world
situations. Through the integration of Problem-Based Learning (PBL) as a pedagogical tool, the virtual PhET
practice as a cognitive tool to visualize abstract phenomena, and the deep learning philosophy as a learning
philosophy that encourages comprehension, conceptual understanding, and knowledge transfer, this method
systematically transforms students' passive information consumption into active participation in the process of
knowledge construction. Through research based on authentic problems, students not only learn about the
relationship between temperature and heat as a formula, but also develop a conceptual understanding of thermal
transfer energy as a component of everyday physical reality. This method aligns with the Pancasila Student
Profile, which calls for critical, creative, and reflective thinking abilities, as well as the requirements of the
Merdeka Curriculum, specifically Phase F Learning Outcomes, which highlight the capacity to evaluate and
apply scientific concepts in practical settings. In order to implement this module, the teacher's role must change
from instructor to facilitator, capable of directing data-based exploration of PhET simulations, guiding reflective
discussions, and examining students' scientific arguments through authentic assessments like reflective journals
and evidence-based presentations.

5. CONCLUSION

This project created a temperature and heat physics teaching module using Problem-Based Learning (PBL)
in conjunction with PhET virtual simulations and deep learning concepts. The module was classified as Very
Valid after expert validation produced Aiken's V coefficients that ranged from 0.83 to 1.00 for each of the 22
indicators. Ten student small group tests yielded HEOS percentages ranging from 83% to 90%, indicating that
the curriculum was Practical to Very Practical in terms of six usability metrics. However, learning efficacy is
not reflected in these findings; rather, they simply represent theoretical feasibility (validity) and usability
(practicality). Because there were no pretest-posttest tools or control groups, and the study only included 10
students from one South Sumatra school, it was unable to assess real progress in critical thinking abilities. To
empirically evaluate the module's impact across various school contexts, future research should apply the
Disseminate phase of the 4-D model employing quasi-experimental designs (e.g., pretest-posttest control group)
with Ennis's critical thinking rubric.
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