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Keywords adopted a research and development approach using the ADDIE model and involved 78
Environmental literacy students who had studied temperature and heat without using IPM. Data were collected
Interactive learning materials through an environmental literacy essay test covering four indicators: cognitive skills,

environmentally responsible behaviors, ecological knowledge, and environmental care
affect. The data were analyzed descriptively and using the Rasch model. The results showed
that environmental care affect achieved the highest mean score (3.85; 77%), followed by
cognitive skills (3.47; 69.4%), environmentally responsible behaviors (2.60; 52%), and
ecological knowledge (2.19; 43.8%). Rasch person—item analysis indicated that items
requiring the integration of temperature and heat concepts with complex environmental
contexts and the formulation of realistic solutions were the most difficult. Readability results
showed that IPM was clear, engaging, and effective in linking physics concepts with
environmental issues. This study contributes by proposing a contextual essay-based
framework for assessing environmental literacy through Rasch analysis and by offering a
model for integrating PBL and STEM-ESD into a website-based physics learning platform.
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1. Introduction

Changes in environmental conditions, such as rising temperatures, extreme weather, and increasing
energy consumption, require students to possess adequate environmental literacy so they can understand
issues, interpret scientific evidence, and make responsible decisions. Environmental literacy encompasses not
only ecological knowledge but also cognitive skills, concern, and behaviors that support sustainability (Ahmadi,
2022; Karmana, 2023; Rabbianty et al,, 2022; Naila et al.,, 2026). However, various studies indicate that students’
environmental literacy achievements remain suboptimal and tend to be uneven across its dimensions
(Anggraini et al, 2021; Santoso et al, 2021; Safitri et al, 2024). In the context of physics, the topics of
temperature and heat are strongly linked to environmental issues because they relate to heat transfer, energy
balance, thermal efficiency, and energy use in daily life. Nevertheless, physics instruction in schools often still
treats these topics as abstract concepts detached from real-world environmental contexts. In fact, experience-
based learning and authentic contexts have been proven to strengthen conceptual understanding while
fostering environmental awareness (Hayati, 2020; Maesaroh et al, 2021; Harahap et al.,, 2023).

Students’ environmental literacy achievements tend to be uneven across each dimension. Some students
demonstrate relatively strong performance in cognitive or affective aspects, but remain weak in ecological
knowledge and environmentally responsible behavior. These findings indicate that environmental literacy is a
multidimensional construct that does not always develop in a balanced manner, thus requiring contextual
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assessment instruments capable of capturing variations in students’ abilities more accurately (Anggraini et al.,
2021; Susongko etal., 2021; Santoso et al., 2021; Safitri et al.,, 2024). Nevertheless, the results of previous studies
have not been entirely consistent. Some studies report that problem-based learning contributes positively to
environmental literacy and critical thinking skills, while other studies indicate that such improvements tend to
be more dominant in the dimensions of attitude or awareness, and have not yet significantly addressed aspects
of ecological knowledge or responsible behavior.

The Problem-Based Learning (PBL) model is widely recommended because it uses real-world problems as
a catalyst for learning, encouraging investigation, evidence-based reasoning, and decision-making, making it
relevant for strengthening environmental literacy (Misbah, 2022; Putri et al,, 2024; Zulfah et al,, 2024; Agustina
et al,, 2025; Yeyendra et al., 2024). On the other hand, the STEM approach integrated with ESD is considered
promising because it connects science, technology, engineering, and mathematics with a focus on sustainable
solutions. However, previous studies have generally examined PBL, STEM-ESD, or web-based media in isolation,
thus providing limited insight into how these three elements can be systematically integrated into physics
instruction, particularly regarding temperature and heat (Fitria & Indra, 2021; Ramadhana et al,, 2022; Yusliani
& Yanti, 2020; Liu, 2025). Furthermore, prior studies have also been limited in their use of psychometrically
analyzed contextual essay-based assessments to map students’ initial environmental literacy profiles.
Therefore, this article aims to address this gap by mapping students’ initial environmental literacy profiles using
the Rasch model and developing web-based learning media that structurally integrates PBL and STEM-ESD as a
foundation for improving physics learning that is more contextual and sustainability-oriented.

Although many web-based physics learning resources have been developed, most still focus on conveying
scientific concepts, improving mastery of the subject matter, or utilizing digital technology as a tool for
visualizing learning. These studies generally have not systematically integrated the dimension of environmental
literacy, nor have they combined the Problem-Based Learning (PBL) framework with the STEM-ESD framework
into a single, comprehensive instructional design (Ismawati et al., 2021; Laia et al., 2021; Ariama & Burhendi,
2022; Fitria & Indra, 2021; Ramadhana et al, 2022; Purba et al,, 2024). In this context, Interactive Physics
Modular (IPM) offers innovation through three key aspects. First, IPM explicitly integrates PBL methodology
and the STEM-ESD approach into a single, cohesively designed web-based platform. Second, IPM is equipped
with interactive simulation features that allow students to manipulate physical variables while understanding
their implications for real-world environmental issues. Third, I[PM’s design is structured based on students’
environmental literacy profiles, which are psychometrically mapped using the Rasch model; thus, the
development of the platform is oriented not only toward content but also toward students’ prior knowledge and
skills. Based on this, this study developed an IPM as a website-based learning tool for the topics of temperature
and heat, while also assessing its initial readability and practicality. The development was carried out
systematically using the ADDIE model to ensure that the resulting product has a structured design flow and is
replicable. The enhancement of environmental literacy in this study is focused on four dimensions: ecological
knowledge, cognitive skills, environmental concern, and responsible environmental behavior (Yusliani & Yanti,
2020; Zamsiswaya et al.,, 2024; Maresi & Basoeki, 2024; Putri et al., 2024; Zulfah et al., 2024).

Specifically, this study aims to: (1) map the baseline environmental literacy profiles of high school students
regarding temperature and heat through Rasch analysis as a basis for needs assessment in the development of
the Interactive Physics Modular (IPM); and (2) to develop and evaluate the initial readability and practicality of
the IPM as a web-based learning medium that integrates Problem-Based Learning (PBL) with the STEM-ESD
approach. This study is not intended to test the effectiveness of learning interventions, given the absence of a
pretest-posttest design or a control group. Therefore, the contribution of this study lies in providing an empirical
foundation for the development of an initial product that is formative and viable for further testing in
subsequent phases. In line with this, the research hypothesis states that the use of IPM will significantly improve
students’ environmental literacy regarding temperature and heat (Misbah, 2022; Ramadhana et al, 2022;
Agustina et al,, 2025).

2. Method

This study employs a Research and Development (R&D) methodology aimed at developing the Interactive
Physics Modular (IPM) as a web-based learning tool utilizing the Problem-Based Learning (PBL) model and the
STEM-ESD approach for the topic of temperature and heat. In line with the research objectives, this study focuses
on needs analysis, design, product development, and formative evaluation of the IPM’s initial readability and
practicality. Thus, this study does not include full classroom implementation or testing of effectiveness through
pretest-posttest designs or comparative tests. The development procedure follows the ADDIE model (Analysis,
Design, Development, Implementation, Evaluation) (Zamsiswaya et al., 2024). This model was chosen because
it provides a systematic development process, ranging from needs identification to gradual product evaluation.
PBL was used because it is relevant for fostering thinking skills and environmental literacy through contextual
problem-solving (Misbah, 2022; Putri et al., 2024; Zulfah et al.,, 2024), while the STEM-ESD approach was used
to link physics concepts with technology, engineering, mathematics, and sustainability contexts (Ramadhana et
al,, 2022; Fitria & Indra, 2021).
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The study participants consisted of 78 high school students selected through purposive sampling based on
the criteria that they had studied temperature and heat without using IPM, were from regular classes, and were
willing to participate in the study. The environmental literacy test was designed as eight open-ended essay
questions based on four indicators: cognitive skills, environmentally responsible behaviors, ecological
knowledge, and environmental care affect, with a 1-5 scoring rubric. The media and instruments were validated
by media experts and pedagogical experts, then revised before use. Test data were analyzed using the Rasch
model with WINSTEPS version 3.73 to map respondents’ abilities and item characteristics. The criteria used
included: INFIT and OUTFIT Mean Square values of 0.5-1.5; Z-standardized scores ranging from -2.0 to +2.0;
and a positive point measure correlation. A Wright Map was used to visualize the relationship between student
ability and item difficulty levels. Thus, this study produced an initial profile of environmental literacy as a basis
for needs analysis and preliminary feasibility information for the IPM, not as evidence of learning effectiveness.
The overall research design based on the ADDIE model is presented in Figure 1: ADDIE Model Research Design.

Revision —— Analyze —— Revision
L3
1
1
]
1
1
1
¥
Implement  je------ »| Evaluation [e------ 3 Design
-~
1
1
1
1
1
1
¥
Revision ——— Development Revision

Figure 1. ADDIE Model Research Design
(Zamsiswaya et al., 2024)

As shown in Figure 1, the ADDIE model in this study begins with the analysis phase, which includes a
review of materials on temperature and heat, the identification of media development needs, and the mapping
of students’ initial environmental literacy profiles. These initial profiles were obtained through an
environmental literacy test administered before the respondents studied the IPM. The test instrument was
designed based on environmental issues relevant to the concepts of temperature and heat.

The design phase includes the design of content structure, website navigation flow, problem-based
learning activities, and the development of research instruments. The design phase includes: (1) mapping
learning outcomes for temperature and heat as well as environmental literacy indicators as the basis for content
development; (2) designing the structure and navigation flow of the IPM on the website (e.g., dashboard,
materials/readings, simulations, exercises, games, quizzes, and assignments); (3) designing problem-solving-
based activities within the IPM that guide participants to understand the context, examine information, analyze
concepts/data, and formulate solutions; and (4) developing the research instruments used in this study, namely
the environmental literacy test and the readability/practicality questionnaire.

The development phase involved building the IPM into an interactive website containing materials on
temperature and heat, along with contextual activities related to environmental issues. The content emphasizes
the connection between physics concepts and environmental phenomena, such as energy efficiency, extreme
temperatures, waste heat, and changes in the state of water within the context of ecosystems. During this phase,
basic functionality was tested and content was refined internally before the media was reviewed by
respondents. The implementation phase in this study did not involve the use of the product in actual learning
settings but was limited to product review by respondents to obtain initial data on readability and practicality.
The evaluation phase was also limited to formative evaluation to assess the product’s initial feasibility, so it
cannot yet be used to conclude the effectiveness of the IPM in improving environmental literacy.

3. Results and Discussion

Based on the results of the environmental literacy test administered to 78 respondents who had studied
the material on temperature and heat without using the IPM media, an initial literacy profile was obtained and
analyzed using the mean score and the minimum-maximum range for each indicator, which serves as the basis
for identifying patterns and gaps in students’ environmental literacy. The detailed distribution of scores is
presented in Table 1: Environmental Literacy Test Results.
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Table 1. Environmental Literacy Test Results

Test Literacy Indicators Lowest value Highest value Mean
la Cognitive skills 2 5 3.55
1b Environmental Responsible Behaviors 1 5 2.19
2a Cognitive skills 2 5 3.38
2b Environmental Responsible Behaviors 2 4 3.00
3a Ecological knowledge 1 5 2.05
3b Environmental care affect 3 5 391
4a Ecological knowledge 1 5 2.32
4b Environmental care affect 2 5 3.79

Based on Table 1, the cognitive skills indicators in items 1a and 2a show that students’ understanding of
basic concepts has been relatively established. These results indicate that students generally possess an initial
conceptual foundation for recognizing phenomena related to temperature and heat, but these abilities have not
yet fully developed into argumentative and contextual reasoning. In other words, students tend to be able to
understand concepts at a basic level, but still require reinforcement in connecting physics concepts to
environmental issues in a more analytical and evidence-based manner (Misbah, 2022; Putri et al, 2024).
Regarding the indicator of environmentally responsible behaviors, there is a greater variation in scores,
indicating that environmentally responsible behaviors have not yet developed consistently among respondents.
Theoretically, this can be understood because behavior is not determined solely by knowledge or concern but
also by opportunities to practice decision-making, reflect on consequences, and consider alternative actions in
real-world contexts. Therefore, the uneven achievements on this indicator highlight the need for learning that
explicitly facilitates practice in decision-making and reflection based on environmental consequences (Maresi
& Basoeki, 2024; Zulfah et al., 2024).

The indicator with the lowest achievement was ecological knowledge, indicating that most respondents
were not yet able to adequately explain ecological relationships scientifically, although a small number of
students demonstrated excellent performance in this aspect (Anggraini et al., 2021; Susongko et al.,, 2021). This
low achievement can be interpreted as a consequence of physics education, which has traditionally focused on
temperature and heat as conceptual-mathematical topics rather than as tools for understanding the relationship
between physical processes and environmental systems. Consequently, students may be familiar with concepts
such as heat, energy transfer, or phase changes, but they are not yet accustomed to using these concepts to
scientifically explain ecological issues. Conversely, environmental care affect is the indicator with the highest
achievement, indicating that students’ tendency to care about environmental issues has developed quite well
(Maesaroh et al.,, 2021; Santoso et al.,, 2021). This finding is intriguing as it reveals an imbalance between the
affective dimension and the cognitive-ecological dimension. Students demonstrate relatively high levels of
concern, but this concern has not yet been fully converted into ecological knowledge and consistent responsible
behavior. This disparity can be viewed as a significant finding, as it confirms that environmental concern does
not automatically translate into the ability to explain environmental issues scientifically or to act appropriately.
Overall, this finding suggests that educational interventions need to be designed to bridge affective concern and
conceptual understanding of temperature and heat toward ecological reasoning and evidence-based action. In
this context, the development of PBL- and STEM-ESD-based IPM becomes relevant because it has the potential
to provide learning experiences that integrate mastery of physics concepts, understanding of environmental
issues, and responsible decision-making within a holistic learning framework (Ramadhana et al.,, 2022; Putri et
al, 2024; Zulfah et al,, 2024). To better capture the interaction between respondents’ ability levels and the
relative difficulty of test items, the findings are further analyzed using a Wright Map, as presented in Figure 2:
Wright Map of Environmental Literacy Results.
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Figure 2. Wright Map of Environmental Literacy Results
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Based on Figure 2 (Wright map, or person-item map), the abilities of the respondents (R01-R78) and the
difficulty levels of items 1a-4b are plotted on the same logit scale, thereby providing a more comprehensive
picture of the relationship between student ability and the demands of each item. In general, the distribution of
respondents is concentrated in the intermediate ability range, specifically around -1 to +1 logit, with only a
small proportion at the high level above +2 logit or the low level below -2 logit. In terms of items, the most
difficult items are 3a, followed by 1b and 4a, while the easiest items are 3b and 4b. This pattern indicates that
items representing questions related to ecological knowledge and responsible behaviors are above the ability
level of the majority of respondents, making it reasonable that the average scores for these two indicators are
lower. Conversely, affective items are far below the ability level of the majority of respondents, making them
easy to answer and supporting the high scores for environmental care affect (Anggraini et al., 2021; Susongko
et al, 2021). This pattern indicates that the majority of students have not yet reached a high level of
environmental literacy, but they are also not entirely in the very low category. Pedagogically, these findings
suggest that learning should not focus solely on remedial instruction of basic concepts but should be directed
toward facilitating students’ transition from intermediate understanding to higher-level competencies,
particularly in scientifically and contextually reasoning about environmental issues.

In terms of item characteristics, item 3a was the most difficult, followed by 1b and 4a, while items 3b and
4b were the easiest. The fact that item 3a was at the highest logit level indicates that tasks requiring the
integration of temperature and heat concepts with complex ecological reasoning remain beyond the reach of
most respondents. This finding is pedagogically significant because it confirms that students’ primary difficulty
lies not merely in mastering physics concepts, but in their ability to transfer those concepts into systemic,
evidence-based ecological explanations. Thus, the inclusion of simulation features, contextual readings, and
problem-solving tasks in the IPM is empirically justified as a means to bridge this gap. Conversely, the
significantly easier difficulty levels of items 3b and 4b indicate that the environmental care affect dimension is
relatively more accessible to students. However, this ease in the affective aspect cannot be directly interpreted
as a complete achievement of environmental literacy, as the affective dimension has not automatically been
converted into ecological knowledge or responsible behavior. To ensure the validity and reliability of the
measurement instrument, further analysis of item fit was conducted, and the results are presented in Table 2:
Result of Item Fit Analysis.

Table 2. Result of Item Fit Analysis

Test Item Model S.E INFIT OUTFIT Pt. Measure Corr.
MNSQ ZSTD MNSQ ZSTD
la 0.39 1.30 1.9 1.29 1.9 0.48
1b 0.40 1.02 0.2 1.02 0.2 0.30
2a 0.38 0.74 -1.9 0.74 -1.9 0.39
2b 0.37 0.93 -0.5 0.93 -0.4 0.13
3a 0.41 1.13 0.9 1.12 0.8 0.48
3b 0.41 0.89 -0.7 0.94 -0.3 0.26
4a 0.39 1.11 0.8 1.09 0.7 0.53
4b 0.40 0.85 -1.0 0.87 -0.9 0.43

Based on the result of item fit analysis, all items were deemed acceptable because the INFIT MNSQ and
OUTFIT MNSQ values fell within the range of 0.5-1.5, and the Model S.E. for all items was < 0.5, indicating that
the item parameter estimates were sufficiently precise. In terms of standardized fit (ZSTD), the values for both
INFIT and OUTFIT fell within an acceptable range, namely approximately -2 to +2, so no item showed extreme
deviation from the model. All PT-Measure correlation values are also positive, indicating that each item moves
in the same direction as the environmental literacy construct being measured; however, the relatively low PT-
Measure value for item 2b suggests that the item’s discriminative power is weak. Therefore, during the
instrument revision phase, refining the wording or scoring rubric should be considered to enhance sensitivity
in distinguishing respondents’ abilities. These findings indicate that the instrument has adequate fit with the
Rasch model and is capable of consistently measuring the construct of environmental literacy. Pedagogically,
these results are significant because they demonstrate that the constructed items are sufficiently representative
to capture variations in students’ abilities to explain, evaluate, and respond to environmental issues related to
the concepts of temperature and heat. Thus, this instrument serves not only as a tool for evaluating learning
outcomes but also as a diagnostic tool for identifying aspects of environmental literacy that have developed and
those that still need to be strengthened.

The initial test profiles and Rasch findings reinforce the rationale for developing a web-based Interactive
Physics Modular (IPM) system that integrates Problem-Based Learning (PBL) and the STEM-ESD approach into
the temperature and heat curriculum. PBL is relevant because it starts from real-world problems, encourages
investigation, data-based argumentation, and decision-making, which directly address the two dimensions of
literacy with the lowest scores in the initial findings (ecological knowledge and responsible behavior) (Misbah,
2022; Putri et al, 2024; Zulfah et al,, 2024; Agustina et al.,, 2025). The integration of STEM and ESD is also
important because it helps students connect physics concepts with technology, engineering, and calculations,
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while also assessing the impact and sustainability of solutions, for example, regarding energy efficiency, passive
cooling design, or material selection that affects heat absorption (Ramadhana et al,, 2022; Fitria & Indra, 2021;
Liu, 2025). With this design, the IPM has the potential to leverage students’ strengths in cognitive and affective
aspects to encourage them to reach a “higher” stage: understanding ecological mechanisms and choosing
responsible actions that are logical and evidence-based. To demonstrate the implementation of PBL and STEM-
ESD principles within a web-based learning environment, the [PM dashboard interface is presented in Figure 3:
[PM Dashboard View.
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Figure 3. IPM Dashboard View

The IPM dashboard serves as a “learning map” that summarizes the Temperature & Heat learning path on
a single screen. At the top are the program’s identity and main navigation buttons/icons, Dashboard, Readings,
Lessons, Simulations, Games, and Quiz, allowing users to switch between activities with ease. In the main area,
the large title “Learn Temperature & Heat” is accompanied by a call to action outlining the learning steps (read
the material, review the lesson, practice, then open the simulation) and quick-access buttons like Open Lessons
and Open Simulations so students can immediately dive into core activities. This design supports problem-based
learning because students are guided to follow a clear sequence of steps, from understanding the context to
conducting exploration and evaluation, in line with digital PBL practices that emphasize activity direction and
learning autonomy (Fitria & Indra, 2021; Liu, 2025; Ramadhana et al,, 2022). Meanwhile, the Chatbot feature is
presented as an “interactive physics teacher” panel that prompts users to enter their name and start a
conversation; its function is to serve as a learning companion when students need brief explanations, analogies,
or step-by-step problem-solving guidance. The combination of quizzes and the chatbot ensures that assessment
goes beyond mere grades, providing learning support when students encounter obstacles, a approach aligned
with the goals of digital learning to enhance autonomy and meaningful understanding (Yusliani & Yanti, 2020;
Liu, 2025; Fitria & Indra, 2021). To demonstrate the integration of contextual environmental issues with
temperature and heat concepts within the IPM, the literacy reading materials page is presented in Figure 4:
Literacy Reading Materials Page.
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Figure 4. Literacy Reading Materials Page

In the Readings feature, content is presented in the form of context-based readings that link the concepts
of temperature and heat to real-world phenomena, such as articles on cool roofs for hotter cities. Each reading
page includes a summary, highlighted keywords, and concept-focused options, such as radiation, conduction,
and convection, that help students connect the text to the physics concepts they are currently studying. There
are also supporting elements such as a Print button and a collapsible reference sources section to keep the
reading concise while still providing references. This approach ensures that “environmental literacy” does not
stop at knowledge but also guides students to recognize cause-and-effect relationships and alternative solutions,
which is one of the foundations for strengthening environmental literacy in learning. (Ahmadi, 2022; Maesaroh
etal, 2021; Putri et al., 2024). To demonstrate the integration of contextual content and formative assessment
in supporting environmental literacy, the page layout is presented in Figure 5: Page Layout: (a) Content, (b)
Practice Questions.
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Figure 5. Page Layout: (a) Content, (b) Practice Questions

The Lessons and Practice features present concise content paired with step-by-step exercises. Brief
content (such as definitions of temperature, heat, and basic formulas) is combined with multiple-choice
exercises that provide immediate visual feedback (correct/incorrect answers are clearly displayed), allowing
students to quickly correct misconceptions before moving on to more complex challenges. This type of exercise
model helps maintain continuity between conceptual understanding and application skills, and is generally
effective when combined with digital-based learning because students receive immediate feedback without
waiting for manual correction (Yusliani & Yanti, 2020; Fitria & Indra, 2021; Ramadhana et al.,, 2022). To enhance
students’ ability to visualize and apply abstract physics concepts in a more interactive and meaningful way, the
simulation features are presented in Figure 6: Simulation: (a) Thermometer Conversion, (b) Conduction Heat
Transfer, (c) Convection Heat Transfer, (d) Radiation Heat Transfer.

4-Thermometer Temperature Conversion Simulation

Celsius (') Fahrenheit (F)

R
&

5.4703744190-8

- &

A o T W

() (d)
Figure 6. Simulation: (a) Thermometer Conversion, (b) Conduction Heat Transfer, (c) Convection Heat
Transfer, (d) Radiation Heat Transfer

The Simulations section is the most powerful interactive component for investigative activities. For
example, in the Heat Conduction Simulation (Metal Rod), students observe heat flow from the hot side to the
cold side through changes in the rod’s color and the movement of “particles,” and can adjust the left-right
temperatures, thermal conductivity (k), specific heat capacity, and animation speed. In the convection
simulation, students manipulate parameters such as the convection coefficient (h), area (A), Ts, Too, and AT; the
system displays the intensity of heat flow and provides Record Data and Export CSV buttons so that the results
of the exploration can be treated like lab data. In the radiation simulation, students adjust emissivity (&), surface
area, the Stefan-Boltzmann constant, and temperature, then observe changes in radiated power and the
“photon” rate as a representation of radiation. There is also a thermometer conversion simulation (Celsius,
Fahrenheit, Réaumur, Kelvin) that facilitates visual understanding of scale relationships. Pedagogically, this
series of simulations is suitable for use as a PBL inquiry stage because students do not merely read concepts but
test the effects of variables and draw evidence-based conclusions (Liu, 2025; Ramadhana et al., 2022; Putri et
al,, 2024). To demonstrate the integration of interactive engagement, project-based learning, and formative
assessment in supporting environmental literacy, the page layout is presented in Figure 7: Page Layout: (a)
Games, (b) Eco-Friendly House Design Project Assignment, (c) Quiz.
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Figure 7.Page Layout: (a) Games, (b) Eco-Friendly House Design Project Assignment, (c) Quiz

The Games feature is presented as a concept-reinforcement activity in a game format; for example, the
Temperature & Heat Crossword contains about 20 clues. This game encourages students to recall key terms
(such as temperature, heat, conduction, convection, radiation, thermometer, and units of temperature) in a more
relaxed setting, thereby serving as a reinforcement activity after learning concepts or before a quiz. In the
context of digital learning, game elements like these help maintain learning engagement without altering the
primary objective: reinforcing conceptual understanding and the scientific vocabulary needed for literacy (Fitria
& Indra, 2021; Ramadhana et al., 2022; Maesaroh et al,, 2021). The Quiz feature serves as a well-organized
formal assessment: the “Temperature & Heat Quiz” (20 Questions) displays difficulty levels (low-medium-
high), the topics being tested (e.g., temperature, heat, heat transfer, expansion, phase changes, and Black’s Law),
and a reminder of key formulas at the top. The system also displays the current score and Check & Next buttons
to help manage the pace of the assignment. The Assignment feature on IPM is presented as a concise and
structured project brief. At the top, tabs such as Summary, Examples, Requirements, Submission, and Rubric are
available to help students understand the assignment workflow. The main page includes the title and objective
of the assignment, to design an environmentally friendly solution by applying temperature and heat concepts, a
list of required deliverables, and convenient buttons such as Submit and View Sample Work. This design places
students in the stage of developing and presenting solutions within the PBL framework, as students are required
to produce concept-based products and are assessed using a clear rubric, in line with PBL integration and the
STEM-ESD orientation (Putri et al., 2024; Zulfah et al,, 2024; Ramadhana et al., 2022).

Based on the results of the readability/usability survey, IPM received an average score of 4.8, indicating
that this platform falls into the “very good” category. The evaluation covered several key aspects, namely
interface design (4.9), ease of navigation (4.8), clarity of language (4.7), readability of materials (5), clarity of
usage instructions (4.9), quality of simulations and interactive activities (4.5), relevance of content to physics
concepts (4.9), and relevance of materials to environmental issues (4.8). These results indicate that IPM excels
in its modern and structured interface design, as well as its variety of activities, including short readings,
simulations, exercises, quizzes, and games, that support student engagement in active learning. These
characteristics align with the principles of effective digital media development, namely providing multimodal
learning experiences and step-by-step exercises so that students not only read but also explore and test their
understanding independently (Yusliani & Yanti, 2020; Fitria & Indra, 2021).

Nevertheless, several aspects still require refinement to ensure a smoother learning experience and to
optimally achieve the goal of strengthening environmental literacy. Improvements that should be prioritized
include consistency in language use, for example, by reducing the mixing of Indonesian and English or providing
language options more systematically; improving text readability in simulations by increasing font size and
simplifying the display of numbers; adding more explicit brief instructions to each simulation and game to make
the investigation process more focused; and strengthening consistent navigation by providing home and back
buttons in each section. These improvements are crucial because problem-based learning and STEM-ESD
heavily rely on students’ ability to smoothly understand instructions, read data, and interpret results. When
these aspects are well-addressed, students’ attention can be more focused on reasoning, problem-solving, and
evidence-based decision-making, rather than on technical barriers in using the media (Putri et al, 2024;
Ramadhana et al,, 2022; Liu, 2025).
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The use of Interactive Physics Modular (IPM) in this study was implemented following the Problem-Based
Learning (PBL) framework, utilizing the website’s features to guide the learning process.

a. The problem-orientation stage begins when students start their learning through the home page, which
presents a contextual environmental problem related to temperature and heat as a trigger, enabling
students to understand the context, identify initial information, and formulate the key questions that
need to be answered.

b. The stage of organizing students for learning is facilitated by IPM’s structured design (reading materials,
simulations, exercises, quizzes, and assignments) along with step-by-step instructions that guide
students to work individually or in groups according to learning objectives.

c. The investigation phase is the core of PBL implementation and primarily takes place within the
simulation and exercise features, where students manipulate variables, observe outputs, record data, and
interpret results as evidence to explain phenomena and their impacts on the environment.

d. The stage of developing and presenting solutions is incorporated into the assignment feature, where
students create STEM-ESD-based products or solutions (such as energy-efficient and sustainable designs
or recommendations) supported by arguments grounded in temperature-heat concepts and data
collected during the investigation.

e. The analysis and evaluation phase is carried out through feedback on quizzes/exercises and reflection on
the solutions created, so that students assess the accuracy of concepts, consider environmental
consequences, and improve the quality of the decisions made.

The explicit incorporation of PBL syntax within this IPM implementation framework is relevant because
PBL has been shown to foster investigation, evidence-based reasoning, and decision-making directly linked to
strengthening environmental literacy, particularly in the dimensions of ecological knowledge and responsible
behavior (Misbah, 2022; Putri et al,, 2024; Zulfah et al., 2024; Agustina et al., 2025). The integration of interactive
digital activities is also consistent with findings that systematically designed technology-based modules/media
can improve the quality of learning and targeted literacy (Yusliani & Yanti, 2020; Fitria & Indra, 2021;
Ramadhana et al.,, 2022; Liu, 2025).

4. Conclusion

This study shows that students’ initial environmental literacy profiles regarding temperature and heat
have not developed in a balanced manner. The “environmental care” dimension achieved the highest scores,
followed by “cognitive skills,” while “ecological knowledge” and “environmentally responsible behaviors”
remain relatively low. These findings indicate that students’ concern for environmental issues has not yet been
fully accompanied by the ability to explain ecological relationships scientifically or by responsible behavior. On
the other hand, the results of the readability and practicality tests show that Interactive Physics Modular (IPM)
received an excellent rating, making it suitable to be positioned as an initial website-based physics learning
media product on the topics of temperature and heat. The scientific contribution of this study lies in two aspects.
Methodologically, this study demonstrates that Rasch analysis-based essay assessment can be used to map
students’ environmental literacy in a multidimensional manner within the context of physics learning. In terms
of design, this study offers a preliminary framework for integrating Problem-Based Learning (PBL) and STEM-
ESD into a website-based learning platform designed according to students’ empirical needs. This research is
still limited to the initial development and formative evaluation stages; therefore, it does not yet cover full-scale
instructional implementation or testing of the product’s effectiveness. Consequently, future research should
focus on classroom implementation trials, effectiveness testing via quasi-experimental designs, and cross-school
context validation to strengthen the applicability of the IPM framework and the development of Rasch-based
environmental literacy assessments in physics education.
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