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Abstract - Scientific literacy is an essential skill in physics education, as students must understand scientific
principles, interpret evidence, and apply knowledge to real-world issues. In Indonesia, however, scientific
literacy among students remains a concern, evidenced by low PISA science scores and predominantly
teacher-centered classroom practices. This study aimed to analyze the effect of integrating the STEM
approach into the Discovery Learning model on eleventh-grade students’ scientific literacy in the topic of
temperature and heat. A quasi-experimental method with a non-equivalent control group design was
employed at MA Nurul A'la Jatimulyo II during the odd semester of the 2025/2026 academic year. The
participants were 58 eleventh-grade science students. The experimental class (n = 29) learned through
STEM-integrated Discovery Learning (DL-STEM), whereas the control class (n = 29) received
conventional instruction. Scientific literacy was measured using a 25-item multiple-choice test developed
from five indicators: explaining scientific phenomena, using scientific evidence, identifying scientific
statements, understanding phenomena, and solving problems. Data were analyzed using descriptive
statistics, assumption tests, the Mann—Whitney test for initial equivalence, an independent-samples t-test
for posttest comparison, effect size r, and N-Gain analysis. The results indicated that both groups had
comparable baseline abilities. Post-intervention, the experimental group significantly outperformed the
control group, with mean scores of 64.69 versus 53.93 (p < 0.001), and demonstrated a moderate effect
size (r = 0.47). Moreover, N-Gain analysis revealed improvements across all scientific literacy indicators
in the experimental group, categorized as moderate and surpassing those of the control group. The novelty
of this study lies in mapping STEM components onto the Discovery Learning syntax through a simple
thermos engineering task in temperature-and-heat instruction. These findings indicate that DL-STEM can
support students in connecting physics concepts, scientific evidence, and engineering design, thereby
contributing to scientific literacy-oriented physics education.
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I. INTRODUCTION

In 21st-century education, scientific literacy has become an essential competence that
students need to develop. Students are not only expected to understand scientific theories and

concepts but also to use scientific knowledge to explain phenomena, evaluate the validity of
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information, and make decisions based on scientific evidence (Osborne & Allchin 2025).
Scientific literacy also prepares students to engage in scientific reasoning, interpret evidence, and
make informed decisions in real-life situations (Putri et al., 2026; Roy et al., 2025). In physics
learning, this competence is particularly important because physics concepts are closely related
to everyday issues, such as energy use, heat transfer, household technology, and safety in learning
environments. Therefore, science learning in schools should be directed toward learning
processes that help students connect concepts, scientific practices, and contextual problem solving
(Rahmi et al., 2024; Hardianti et al., 2021; Asriadi & Lazulva, 2021; Mellyzar et al., 2022; Usta
et al., 2025; Wulandari et al., 2023).

According to the PISA framework, scientific literacy refers to an individual’s ability to
engage with science-related issues, explain phenomena using scientific principles, evaluate and
design scientific investigations, and critically interpret data and evidence (OECD, 2019, 2023a).
Thus, scientific literacy cannot be understood merely as the memorization of concepts. Rather, it
involves the ability to think and act scientifically. Scientifically literate students are expected to
connect scientific ideas with technology, evaluate scientific claims, use data to support arguments,
and apply concepts to real-life problems (Coppi et al., 2024; De Loof et al., 2022).

The urgency of improving scientific literacy in Indonesia is reflected in the PISA 2022
results. Indonesia’s mean science score was 383, while the OECD average was 485 points
(OECD, 2023b, 2023c). Although Indonesia’s ranking improved compared with PISA 2018, its
science score remains below the international average. This result indicates that many students
have not yet reached a basic level of proficiency in using scientific knowledge to explain
phenomena and draw evidence-based conclusions. This condition highlights the need for science
learning that places greater emphasis on inquiry activities, data-based argumentation, and
authentic problem solving (Calik & Wiyarsi, 2024; Kumar & Choudhary, 2025).

Low scientific literacy is influenced by various factors, including the selection of learning
resources, misconceptions, teacher-centered instruction, limited use of learning models,
unsupportive learning environments, quality of learning implementation, laboratory facilities,
student motivation, and socioeconomic background (Fuadi et al., 2020; Sudarto, 2026).
Preliminary observations and interviews at MA Nurul A'la Jatimulyo II in East Ogan Komering
Ulu Regency revealed a similar pattern. Students had difficulty understanding physics content
and were not accustomed to connecting concepts of temperature and heat to their daily
experiences. Learning was still frequently conducted through lectures, question-and-answer
sessions, and assignments. As a result, students’ active participation, confidence in asking

questions, and creative thinking practices had not developed optimally. The preliminary scientific
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literacy test also yielded a score of 36.78%, placing students’ scientific literacy in the low
category.

One relevant approach to addressing this issue is STEM, which integrates science,
technology, engineering, and mathematics. The STEM approach emphasizes integrating scientific
concepts, technological applications, engineering processes, and mathematical reasoning to solve
real-world problems. Effective STEM integration does not treat the four disciplines as separate
elements (Portillo-Blanco et al., 2024). Instead, it connects them through learning activities that
encourage students to observe phenomena, design solutions, test evidence, perform calculations,
and revise ideas based on their observations (Abdi et al., 2024; Bybee, 2013; Kelley & Knowles,
2016; Roehrig et al., 2021).

Integrated STEM learning requires teachers to connect disciplinary concepts with inquiry
practices, engineering design, technological use, and mathematical reasoning, rather than
presenting STEM as an additional activity at the end of a lesson (Mansour et al., 2024; Halawa et
al., 2024). Previous studies have reported that integrated STEM can support students’ cognitive
performance, interest, and motivation when teachers structure learning around meaningful
problems and guide students to use evidence in decision-making (De Loof et al., 2022; Demirkol
et al., 2022). Therefore, the instructional value of STEM depends not only on the presence of
projects but also on how projects are embedded within the sequence of concept construction,
investigation, and reflection.

Several studies have implemented STEM and Discovery Learning in science education.
Fadlina et al. (2021) showed that STEM-based Discovery Learning can improve critical thinking
skills. Other studies found that Discovery Learning contributes to scientific literacy (Maulana et
al., 2024), Discovery Learning contributes positively to student achievement (Kumar &
Choudhary, 2025), the STEM approach supports data literacy (Satriana, 2023), and STEM
integration in Learning Cycle and Project-Based Learning can strengthen scientific literacy and
critical thinking skills (Batubara et al., 2025; Ibrahim et al., 2025; Nisah et al., 2024). However,
three gaps remain. First, many studies report achievement gains without explaining the
mechanism through which Discovery Learning and STEM complement each other. Second, the
contribution of engineering design tasks to scientific literacy is often asserted but not clearly
described in terms of learning syntax. Third, empirical work on temperature and heat still rarely
connects everyday heat-transfer phenomena, data interpretation, and product design within a
single Discovery Learning sequence (Zhan & Niu, 2023).

Based on this gap, the present study focuses on the implementation of STEM-based
Discovery Learning (DL-STEM) to improve eleventh-grade students’ scientific literacy in the

topic of temperature and heat. The added value of combining Discovery Learning and STEM lies
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in their complementary mechanisms. Discovery Learning structures the process through which
students move from observing phenomena to constructing concepts, whereas STEM provides an
interdisciplinary problem context in which those concepts are used to design, test, and justify a
solution. Temperature and heat are suitable topics for this integration because the concepts of
conduction, convection, radiation, temperature change, and insulation can be directly observed in

household technologies, such as a thermos, and quantified through simple measurements.
Theoretically, DL-STEM is expected to enhance scientific literacy, particularly in the
indicators of explaining scientific phenomena and using scientific evidence. The stimulation and
problem-statement stages encourage students to observe heat-transfer phenomena and formulate
investigable questions. The data collection, data processing, and verification stages require
students to compare measurements and evaluate claims. The generalization stage then helps
students connect empirical evidence with physics principles. The engineering task extends this
process by asking students to design a simple thermos, select appropriate materials, measure
temperature change, and justify design decisions. Thus, this study does not claim to introduce a
wholly new model. Instead, it offers empirical evidence on how STEM can be mapped onto the
Discovery Learning syntax for temperature-and-heat instruction and how this mapping relates to

students’ scientific literacy.

II. METHODS

This study was conducted at MA Nurul A'la Jatimulyo II and involved eleventh-grade
science students during the odd semester of the 2025/2026 academic year. A quasi-experimental
method with a non-equivalent control group design was used because the classes had already been
established, and individual randomization could not be applied. The sampling technique was non-
probability sampling with total sampling. The entire population, consisting of 58 students, was
used as the research sample. Class XI Science 1, consisting of 29 students, was assigned as the
experimental class, whereas Class XI Science 2, also consisting of 29 students, was assigned as
the control class. The same physics teacher implemented both learning conditions using lesson
plans developed in collaboration with the researchers to minimize teacher effects. Permission
from the school was obtained before data collection. Students were informed that the test data
would be used anonymously for research purposes and that their participation would not affect

their academic grades.
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Figure 1. Non-equivalent control group design
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Note. O1 = pretest, O2 = posttest. Existing classes were assigned as groups without individual randomization

The intervention was carried out during the scheduled topic of temperature and heat. It
consisted of four instructional meetings conducted after the pretest and before the posttest. In the
experimental class, each meeting followed the Discovery Learning syntax while embedding
STEM components (Mansour et al., 2024). In the control class, the same topic coverage and
learning duration were maintained. However, instruction was delivered through teacher
explanation, question-and-answer activities, worked examples, and individual assignments
without an explicit engineering-design task.

Table 1. Instructional sequence and comparison between groups

Control class: conventional

Meeting Experimental class: DL-STEM . .
instruction
Pretest  Scientific literacy pretest on temperature Scientific  literacy  pretest on
and heat. temperature and heat.

1 Stimulation and problem statement Class questions followed the teacher's
through everyday heat-transfer explanation of temperature, heat, and
phenomena, including hot drinks and heat transfer.
insulating materials.

2 Data collection through observation / Worked examples and exercises on
experiment: students measured heat, temperature change, and heat
temperature changes and discussed transfer.
material properties.

3 Data processing and verification; students Guided discussion and practice
compared measurements and evaluated questions using textbook-based
claims about insulation effectiveness. contexts.

4 Generalization and engineering task; Review, summary, and assignments
groups designed, tested, and reflected on a on temperature-and-heat concepts.
simple thermos based on heat-transfer
principles.

Posttest  Scientific literacy posttest using the same Scientific literacy posttest using the

blueprint as the pretest.

same blueprint as the pretest.
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The scientific literacy instrument consisted of a 25-item multiple-choice test developed
based on five scientific literacy indicators. Each item was scored 1 for a correct answer and 0 for
an incorrect answer. The raw scores were then converted to a 0—100 scale using the formula:
obtained score/25 x 100. The five indicators were derived from a PISA-oriented scientific literacy
construct, which includes the ability to explain phenomena, use evidence, evaluate scientific
statements, understand phenomena, and solve contextual problems (Zhang et al., 2023).

Because the same test design was used for both the pretest and posttest, several procedures
were implemented to minimize the possibility of a testing effect, namely, the influence of
participants having previously seen the questions. First, the test was administered before and after
the instructional process. Second, students were not given feedback or correct answers after the
pretest. Third, the posttest results were primarily used to compare outcomes between classes
rather than to measure students’ memorization of the test items.

Content validity was examined by three validators across material, construct, and language
aspects. The validation sheets used relevant/not-relevant judgments, which were summarized
using the content validity ratio (CVR) and content validity index (CVI). The validation evidence
showed that all 25 items were rated as relevant by the three validators across the material,
construct, and language aspects. Therefore, the CVR for each item and the overall CVI were 1.00.
The instrument also showed that the items were contextualized within temperature and heat
phenomena, such as thermos insulation, cooking, heatwaves, condensation, material selection,
and radiative cooling. Additional validation evidence was obtained from the supplied expert
validation sheets and is reported to enhance the transparency of the research instrument.

Table 2. Validation, scoring, and item contexts

Aspect Evidence reported in the revised manuscript
Number and 25 multiple-choice items; correct = 1, incorrect = 0; converted to a 0—100
scoring scale.

Content validity = Three validators reviewed material, construct, and language aspects; all
items were judged relevant (CVR = 1.00; CVI = 1.00).

Indicator Five indicators were represented: explaining phenomena, using evidence,

representation identifying scientific statements, understanding phenomena, and solving
problems.

Example Thermos insulation, cooking and heating, heatwave mitigation,

contexts condensation on car glass, material choice, and radiative cooling.

Remaining Distractor analysis and internal consistency were not available in the

limitation supplied dataset and are acknowledged as limitations.

The five indicators presented in Table 3 served as the operational basis for developing the
test instrument. In this study, scientific literacy was based on the PISA 2018 framework (OECD),

which emphasizes competencies in explaining scientific phenomena, using and interpreting
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scientific evidence, and applying scientific knowledge to solve contextual problems. To fit the
learning context and the needs of the research instrument, these competencies were
operationalized into five indicators: (1) Explaining Scientific Phenomena, (2) Using Scientific
Evidence, (3) Identifying Scientific Statements, (4) Understanding Phenomena, and (5) Solving
Problems. These indicators are adaptations of PISA scientific literacy competencies, tailored to
the learning objectives and characteristics of the topic studied.

Table 3. Scientific literacy indicators

No. Indicator Description
1 Explaining Scientific =~ Students' ability to describe and explain natural phenomena
Phenomena accurately based on relevant scientific concepts, principles, or
theories.
2 Using Scientific The ability to use data, facts, and scientific information to
Evidence support arguments, draw conclusions, and evaluate a scientific
claim.
3 Identifying Scientific The ability to distinguish scientific and non-scientific
Statements statements and assess their validity and relevance based on
testable scientific procedures.
4 Understanding The ability to comprehend fundamental scientific concepts in
Phenomena order to interpret, analyze, and predict phenomena or
relationships among variables in natural events.
5  Solving Problems The ability to apply scientific knowledge and skills to formulate
problems, design solutions, make decisions, and evaluate
results.

The data were analyzed through several procedures. First, descriptive statistics were used
to summarize the data, including the minimum, maximum, mean, median, and standard deviation.
Second, assumption testing was conducted using the Kolmogorov—Smirnov and Shapiro—Wilk
tests for normality, while homogeneity of variance was examined using Levene’s test. The
Shapiro—Wilk p-values were 0.175 for the control pretest, 0.074 for the control posttest, 0.025 for
the experimental pretest, and 0.300 for the experimental posttest. Levene’s test for the posttest
comparison yielded F = 1.491, p = 0.227.

Because the experimental-class pretest did not meet the Shapiro—Wilk normality
assumption, the equivalence of initial ability between groups was analyzed using the Mann—
Whitney test. Third, differences in posttest scores between the control and experimental groups

were examined using an independent-samples t-test. Fourth, the magnitude of the treatment effect

2
was calculated using the following formula: r = /tzi—df Fifth, the improvement of scientific

literacy for each indicator was analyzed using N-Gain.
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Table 4. Normality and homogeneity tests
Test Dataset/comparison Statistic df  p-value Interpretation

Shapiro—Wilk  Control pretest 0.949 29 0.175  Normal
Shapiro-Wilk  Control posttest 0.935 29 0.074  Normal
Shapiro—Wilk Experimental pretest 0.917 29 0.025  Not normal
Shapiro—Wilk  Experimental posttest 0.958 29 0.300  Normal

Levene Posttest comparison F=1.491 - 0.227  Homogeneous

variance

The hypotheses in this study were formulated as follows:

- Ho (Null Hypothesis): The scientific literacy of eleventh-grade science students taught using
Discovery Learning with a STEM approach is not higher than, or is equal to, that of students
taught using conventional instruction.

- H, (Alternative Hypothesis): The scientific literacy of eleventh-grade science students taught
using Discovery Learning with a STEM approach is significantly higher than that of students
taught using conventional instruction.

The decision criterion used a significance level of 0.05. If p < 0.05, there is a significant
difference in scientific literacy improvement between students in the experimental class and those

in the control class.

III. RESULTS

Students’ scientific literacy in the control and experimental groups was examined using
descriptive statistical analysis to identify changes in learning outcomes before and after the
instructional process. The experimental group participated in DL-STEM, whereas the control
group received conventional instruction. The research data were obtained from students’ pretest
and posttest scores. A summary of the descriptive statistics, including the mean, standard
deviation, and distribution of scientific literacy scores, is presented in Table 5.

Table 5. Descriptive statistical results of the control and experimental classes

Pretest Posttest
Control Experimental Control Experimental
Minimum score 28.00 28.00 40.00 48.00
Maximum score 60.00 64.00 84.00 92.00
Mean 41.72 41.86 53.93 64.69
Standard deviation 8.464 8.749 9.584 11.468
Median 40.00 40.00 52.00 64.00

Table 5 presents the descriptive comparison between the control and experimental groups.

In the pretest phase, the mean scores of the two groups were nearly identical. The control group
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obtained a mean score of 41.72, while the experimental group obtained a mean score of 41.86.
The median score was also the same in both groups, namely 40.00. These results indicate that
students’ initial scientific literacy levels in the two classes were relatively similar before the
treatment. However, because this study used intact classes, group equivalence should be
interpreted cautiously and not in the same way as equivalence obtained through random
assignment.

After the instructional treatment, both groups showed an increase in scientific literacy
scores. In the control group, the mean score increased from 41.72 in the pretest to 53.93 in the
posttest, indicating a gain of 12.21 points. In the experimental group, which was taught using DL-
STEM, the mean score increased from 41.86 to 64.69, indicating a gain of 22.83 points. The
increase in the experimental group was higher than that in the control group. This result suggests
that students who participated in DL-STEM experienced greater comparative improvement in
scientific literacy. Nevertheless, this finding should be interpreted within the limitations of a
quasi-experimental design involving two intact classes.

Hypothesis test results

Assumption testing showed that most of the research data were normally distributed.
However, the pretest scores of the experimental group did not meet the assumption of normality,
as indicated by the Shapiro—Wilk test. Therefore, the equivalence of students’ initial abilities
between the control and experimental groups was analyzed using the Mann—Whitney test. As
shown in Table 6, the test yielded a p-value of 0.987 (p > 0.05). This result indicates that HO was
accepted, meaning that there was no statistically significant difference in initial scientific literacy
between the two groups before the treatment.

Table 6. Mann-Whitney test results for control and experimental pretest data

Mann-Whitney test Median (IQR) U Sig. Decision
Control pretest 40.00 (14.00)
419.500 0.987 H ted
Experimental pretest 40.00 (12.00) 0 aceepte

Following treatment implementation, the posttest scores of the control and experimental
groups were analyzed using an independent-samples t-test. This analysis was conducted to
determine whether there was a statistically significant difference in scientific literacy between the
two groups after the instructional process. As shown in Table 8, the t-test yielded a p-value <
0.001 (p < 0.05). Therefore, HO was rejected, and H1 was accepted.

This result indicates a statistically significant difference between the posttest scores of the
two groups. Students in the experimental group who experienced DL-STEM instruction achieved

a higher mean posttest score (M = 64.69; SD = 11.468) than students in the control group who
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received conventional instruction (M = 53.93; SD = 9.584). These results suggest that DL-STEM
was associated with better scientific literacy outcomes than conventional instruction in this study.
Table 7. Independent-samples t-test results for control and experimental posttest data

t-test (df = 56.08) Mean (SD) t Sig. Decision
Control posttest 53.93 (9.584)
Experimental posttest 64.69 (11.468)

3.992 <0.001 Hp rejected

The significant posttest difference indicates that the implementation of DL-STEM was
related to an improvement in students’ scientific literacy. The difference was not limited to score
improvement; it also reflected the contributions of learning activities involving concept discovery,
data processing, solution design, and the application of temperature and heat concepts to develop
a simple product. These learning experiences may have helped students connect physics concepts
to real-world contexts. However, the findings should be interpreted carefully. The improvement
cannot be attributed solely to the DL-STEM model because the study used intact classes. Several
factors may have influenced the results, including class characteristics, students’ motivation,
group interactions, and the consistency of treatment implementation during the learning process.
Effect size

Effect size analysis was conducted to determine the practical magnitude of the difference
between the control and experimental groups. The effect size was calculated using the r value.
The results are presented in Table 8.

Table 8. Effect size r results

Effect size (r) Mean (SD) t / (df = 56.085) r Category
Control posttest 53.93 (9.584)
Experimental posttest 64.69 (11.468)

3.992 0.47 Moderate

The effect size value of r = 0.47 was classified as a moderate effect (Cao et al., 2025). This
finding indicates that DL-STEM produced a practically meaningful, although not large, difference
in students’ scientific literacy. The moderate category should be interpreted proportionally. The
learning sequence appears promising, but its effect may still have been influenced by the quality
of syntax implementation, the depth of STEM problems, student readiness, group activity
management, and the availability of simple experimental facilities (Ammar et al., 2024).

One factor that may explain the moderate effect is the quality of the stimulation stage. In
the topic of temperature and heat, the stimulation stage should present authentic problems, such
as heat loss in hot drinks, the selection of insulating materials, thermos efficiency, or heat transfer
in household devices. If the initial phenomenon is not sufficiently challenging and does not

explicitly connect science, technology, engineering, and mathematics, the discovery process may
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remain at the level of simple observation and may not fully encourage deeper scientific
argumentation.

In addition, scientific literacy requires students to apply scientific concepts, data, and
evidence to explain phenomena and make informed decisions (OECD, 2019, 2023a). In integrated
STEM learning, the quality of the initial problem and the clarity of interdisciplinary connections
play an important role in determining whether students merely perform practical activities or
genuinely develop scientific reasoning and solution-design skills (Bybee, 2013; Kelley &
Knowles, 2016; Roehrig et al., 2021). Therefore, the moderate improvement identified in this
study can be considered a positive outcome. At the same time, it suggests that further
improvements are needed, particularly in designing more authentic real-world problems,
strengthening investigative questioning, and encouraging evidence-based reflection at the end of
the learning process.

Improvement of scientific literacy

The improvement in students’ scientific literacy was evaluated using the N-Gain score to
determine the level of progress in each indicator. The N-Gain results for each scientific literacy
indicator are presented in Figure 2.

N-Gain by Scientific Literacy Indicator

Control class vs. experimental class B Control |l Experimental

0.60
0.50
0.40

N-Gain
0.30

0.20

0.10

0.00

Explaining Using Identifying Understanding Solving
scientific scientific scientific phenomena problems
phenomena evidence statements

Note. The horizontal line marks the low/moderate N-Gain threshold (0.30).
Figure 2. N-gain results for each scientific literacy indicator

Figure 2 shows that the N-Gain values of the experimental class were higher than those of
the control class across all scientific literacy indicators, with improvement in the moderate
category. The greatest improvement in the experimental class occurred in the indicator of

explaining scientific phenomena. This pattern is reasonable because DL-STEM activities
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repeatedly required students to observe heat transfer, compare material behavior, and explain why
the temperature changed in the simple thermos design. These activities were more directly aligned
with explanation-oriented items than with indicators requiring more complex evaluation of

evidence or claim validity.

IV. DISCUSSION

The improvement in indicators related to using scientific evidence and identifying scientific
statements indicates that students began to develop the ability to interpret data, distinguish
evidence-based claims from opinions, and draw conclusions from experimental results. This
improvement is important because both indicators require students not only to remember concepts
but also to use information obtained from observations and measurements. In the context of this
study, students were required to examine temperature changes, compare the performance of
insulating materials, and relate the obtained data to the concepts of conduction, convection,
radiation, and heat transfer. These activities provided opportunities for students to practice using
scientific evidence in a more contextual manner.

However, the moderate N-Gain scores suggest that these abilities had not yet developed to
an optimal level. This condition may be related to the nature of evidence-based reasoning, which
requires repeated and explicit practice in connecting claims, evidence, and reasoning. Although
students were involved in observation, experimentation, and product testing, their reasoning
process still needed stronger guidance. In this study, the learning activities were still largely
centered on product testing and worksheet-based observations, while opportunities for deeper
scientific argumentation and diagnostic analysis remained limited. Therefore, the improvement
in evidence use and scientific statement identification should be understood as an initial
development rather than a fully established competence.

In the learning activities, students were tasked with designing a simple thermos as a
practical application of DL-STEM integration. This activity encouraged students to move beyond
theoretical definitions and mathematical calculations of temperature and heat by applying these
concepts to real-world problem solving. Through this task, students not only learned the meaning
of heat transfer in an abstract way but also applied the concepts to determine how a container
could maintain temperature more effectively. Such activities can actively engage students in
investigating problems, designing solutions, developing models, and presenting their ideas
(Urdanivia-Alarcon et al., 2023). Students were challenged to select appropriate materials,
minimize heat transfer, monitor temperature changes, and evaluate the effectiveness of their

designs.
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The thermos design activity also helped students connect the topic's main concepts to
observable phenomena. For example, students needed to consider how insulating materials could
reduce heat loss, how temperature changes could be measured, and how design choices could
influence the product's performance. In this process, students were encouraged to use scientific
concepts as a basis for decision-making. The engineering component was assessed formatively
by considering the rationale for the design, the selection of insulating materials, and students’
ability to explain how their designs inhibited conduction, convection, and radiation. This means
that the engineering task functioned as a learning activity that supported conceptual understanding
and scientific literacy rather than as a separate product-performance assessment.

However, students’ project outcomes were not analyzed as a separate research variable.
The products created by students were used in learning activities and to support the assessment
of creativity. Therefore, they were discussed as part of the instructional process rather than as
independent outcomes analyzed statistically. This distinction is important because the study's
main outcome was students’ scientific literacy, measured using the scientific literacy test. Thus,
the thermos project should be interpreted as an instructional context that helped students apply
concepts and evidence, not as an additional measured variable.

During the stimulation stage, students were introduced to contextual problems related to
everyday temperature and heat phenomena to encourage curiosity and activate prior knowledge.
These contextual problems were important because the topic of temperature and heat is closely
connected to daily experiences, such as hot drinks, insulating materials, and heat transfer in
household objects. By beginning the lesson with familiar phenomena, students were expected to
recognize that physics concepts are not isolated from real life. This stage also provided an entry
point for students to observe problems before moving into a more structured investigation.

In the problem statement stage, students formulated questions and problems related to heat
concepts and the performance of insulating materials. This stage encouraged students to clarify
what needed to be investigated and why the problem was scientifically relevant. Data collection
was conducted through group observations and experiments, while data processing required
students to classify data, calculate temperature changes, and compare results across designs.
These activities helped students engage directly with data and relate it to the effectiveness of the
simple thermos design. As a result, the learning process gave students opportunities to connect
measurement, interpretation, and conceptual explanation.

The verification stage was used to examine the consistency between students’ initial
hypotheses and the data obtained during the activities. At this stage, students discussed why
certain designs were more effective than others in maintaining temperature. This process was

important because students had to compare their assumptions with empirical evidence. If the data
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did not fully support their initial ideas, students needed to reconsider their explanations and relate
them to the principles of heat transfer again. The generalization stage was then used to formulate
general principles of heat transfer and relate them to simple technological products. This sequence
strengthened the connection between the Discovery Learning syntax and the characteristics of
integrated STEM, which places inquiry, engineering design, technology, and mathematical
reasoning within a single learning experience (Azizah & Setyawarno, 2025; Kelley & Knowles,
2016; Roehrig et al., 2021).

The results of this study show that the experimental class obtained greater improvement
than the control class across all scientific literacy indicators. The experimental class achieved a
posttest mean score of 64.69, while the control class achieved a posttest mean score of 53.93. The
increase in the experimental class was also larger, from 41.86 in the pretest to 64.69 in the posttest,
with a gain of 22.83 points. In comparison, the control class increased from 41.72 to 53.93, with
a gain of 12.21 points. These results indicate that the DL-STEM sequence provided stronger
support for students’ development of scientific literacy than conventional instruction in this two-
class setting.

The statistical test also confirmed the difference between the two groups after the
intervention. The independent-samples t-test showed a significance value of p <0.001, indicating
that the posttest difference between the experimental and control groups was statistically
significant. In addition, the effect size value of r = 0.47 was classified as moderate. This means
that DL-STEM produced a meaningful practical effect on students’ scientific literacy, although
the effect was not large. Therefore, the findings should be interpreted proportionally. DL-STEM
was effective in supporting better outcomes, but the learning implementation still had room for
improvement.

Nevertheless, the N-Gain results, which remained in the moderate category, indicate that
DL-STEM implementation still requires further strengthening. First, the stimulation stage should
use phenomena that are closer to students’ everyday experiences and that can create cognitive
conflict. Cognitive stimulation can increase student engagement (Akdeniz, 2024; Lee & Lee,
2025). In this study, contextual phenomena were already used, but stronger cognitive conflict may
help students question their initial understanding more deeply. This is especially important in the
topic of temperature and heat, where students may have misconceptions about heat, temperature,
insulation, and heat transfer processes.

Second, worksheets should guide students to explicitly write claims, evidence, and
reasoning so that the indicator of using scientific evidence develops more strongly. Although
students collected and processed data, the moderate N-Gain score suggests they still needed more

structured support in explaining how the data could justify their conclusions. Explicit guidance
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on claim-evidence-reasoning would help students move from simply recording observations to
constructing scientific explanations. This improvement is particularly relevant because the
indicators of using scientific evidence and identifying scientific statements require students to
evaluate information critically and support conclusions with appropriate data.

Third, the simple thermos design process should include a more explicit rubric that covers
aspects such as temperature decrease, material efficiency, design explanation, and redesign
decisions. A clearer rubric would help students understand the criteria for evaluating their designs
and encourage them to connect design performance with scientific principles. With these
improvements, STEM activities would not only lead students to produce a product but also train
them in scientific argumentation and data-based decision-making. According to the National
Academies of Sciences, Engineering, and Medicine (2025), STEM learning should help students
understand natural processes and technological innovation.

Overall, the results show that DL-STEM produced greater improvements in scientific
literacy than conventional instruction across all indicators in this two-class setting. The main
contribution of this approach is that it provides learning experiences that enable students to
discover concepts through phenomena, test ideas with data, and apply concepts to real-world
problem-solving. This finding supports previous studies showing the usefulness of Discovery
Learning and STEM integration in science learning (Amarlita & Saija, 2025; Azizah &
Setyawarno, 2025; Fadlina et al., 2021; Karan, 2023; Maulana et al., 2024; Rahman et al., 2022).
At the same time, this study adds a more specific account of how temperature-and-heat learning
can connect scientific explanation, evidence use, and engineering design.

In the context of physics education, the findings suggest that learning about temperature
and heat through DL-STEM can make abstract concepts more accessible by linking them to
measurable, observable phenomena. The simple thermos task provided a bridge between physics
concepts and practical application, while the Discovery Learning stages guided students from
observation to generalization. Therefore, the strength of DL-STEM in this study lies not only in
the use of an engineering product but also in the integration of scientific inquiry, data
interpretation, and the application of concepts within a coherent instructional sequence. However,
because the study used two intact classes from one school, the findings should be interpreted
within the context of the research setting and should not be generalized too broadly without further

studies.



A. R. Sinensis et al. | JPF | Volume 14 | Number 2 | 2026 | 494 - 513
509

V. CONCLUSION AND SUGGESTION

This study found that the DL-STEM was associated with higher students’ scientific literacy
in the topic of temperature and heat than conventional instruction in a quasi-experimental setting.
The initial abilities of the control and experimental groups were relatively similar, but after the
treatment, the experimental group achieved a higher posttest score than the control group. The
hypothesis test showed a significant difference between the two classes (p < 0.001), with a
moderate effect size (r = 0.47). The N-Gain results also showed that all scientific literacy
indicators in the experimental class improved in the moderate category and were higher than those
in the control class. These findings indicate that DL-STEM can help students connect temperature
and heat concepts to real phenomena, use scientific evidence, and apply physics principles in
simple problem-solving activities.

This study has several limitations. It used two intact classes at one school, so the findings
should not be generalized to other learning contexts without further investigation. The study also
did not include random assignment, detailed treatment-fidelity observation, internal consistency
analysis, distractor analysis, or separate statistical assessment of students’ product-design
outcomes. Future studies are recommended to involve broader, more diverse samples; use
randomized or stronger quasi-experimental designs where possible; report instrument reliability
and item analyses in greater detail; include treatment-fidelity measures; and examine product
design performance as a separate outcome. Despite these limitations, this study contributes to
physics education by providing empirical evidence on how STEM can be integrated into the
Discovery Learning syntax for temperature-and-heat instruction. It also shows how physics
learning can connect concept discovery, evidence-based reasoning, and simple engineering design

to support students’ scientific literacy.
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