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Objective: This study aimed to analyze the science literacy competency 
profile of science education students in understanding thermodynamics 
concepts at the State University of Surabaya, with a specific focus on 
identifying competency levels and gender differences in science literacy 
achievement. Method: A quantitative descriptive research was conducted 
involving 35 students from Science Education Class B, selected through 
random sampling. Data collection was conducted using a science literacy 
test instrument adapted from the 2025 PISA framwork, consisting of 15 
questions (10 multiple choice and 5 essay question) designed to measure 
three primary science compenties. Results: The analysis revealed that 
51.42% of students achieved a proficient level, 28.58% reached an advanced 
level, and 20% were at a basic level. Students showed the highest 
competency in explaining scientific phenomena (74.4%), followed by 
constructing and evaluating scientific investigations (65.7%), and lowest in 
research and scientific information used for decision-making (60.6%). 
Female students exhibited slightly better performance, with a 4-point 
advantage over their male counterparts. Novelty: This study provides a 
detailed analysis of science literacy competencies in understanding 
thermodynamics among pre-service science teacher. It also incorporates 
the lates 2025 PISA framework and highlights gender-based performance 
differences. The findings provide valuable insights for developing targeted 
interventions in science teacher education programs, particularly in 
strengthening evidence-based decision-making skills and practical 
applications of thermodynamics concepts. 
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INTRODUCTION 
Education plays a fundamental role in the development of high-quality human resources. 
In the era of increasingly complex globalization, the demands of competencies and skills 
that must be possessed by the younger generation are getting higher, especially in the 
field of science and technology (Sinyanyuri et al., 2022). This makes science learning one 
of the main focuses in the modern education system (Lubis et al., 2023). Science learning 
is not only limited to knowledge transfer but also includes developing critical thinking, 
problem-solving, and science literacy competencies (Thahir et al., 2021). Science literacy 
is a fundamental competency needed to understand natural phenomena, make evidence-
based decisions, and contribute to societal issues related to science (Eviota & Liangco, 
2020). 

In the context of higher education, especially in the science education study program, 
science literacy is a vital competency that prospective teacher students must master. This 
is because they will serve a facilitator of science learning in the future and are responsible 
for developing the science literacy of their students in the future (Novitasari, 2018). 
Understanding basic scientific concepts, especially fundamental concepts such as 
thermodynamics, is an important foundation in the development of science literacy
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(Muhajir et al., 2021). The concept of thermodynamics is an essential concept in physics 
learning that has many applications in daily life and various fields of technology 
(Permatasari et al., 2024). Although the concept of thermodynamics includes basic 
concept, various studies show that there are still many misconceptions and difficulties in 
understanding at various levels of education  (Nafaida, 2018). This is a special concern, 
considering this concept is a prerequisite for understanding more complex advanced 
science concepts. 

Prospective science teachers must not only grasp theoretical concepts but also relate 
them to everyday phenomena and communicate them effectively. This ability is an 
integral part of science literacy that will affect the quality of learning they do in the future 
(Daniah, 2020). The science literacy profile of prospective science teacher students’ needs 
to be studied comprehensively to understand their readiness to teach science, especially 
the concept of thermodynamics (Sumanik et al., 2021). The results of this study can be the 
basis for the evaluation and development of the education program for prospective 
science teachers. The education study program, specially science education as a science 
teacher printing institution is responsible for ensuring that its graduates have adequate 
science literacy (Rini et al., 2021). An in-depth understanding of the concept of 
thermodynamics is an important indicator in assessing prospective science teachers’ 
readiness (Nafaida, 2018). Various aspects of science literacy that need to be considered 
include understanding science content, science process skills, science application 
contexts, and attitudes toward science (Sumanik et al., 2021). In the context of 
thermodynamics, these aspects include conceptual understanding, the ability to make 
measurements and experiments, applications in technology, and awareness of the 
importance of these concepts in life. 

Identifying students' science literacy profiles is essential in understanding their 
strengths and overcoming weaknesses to improve science education. Recent studies 
highlight the importance of aligning literacy profiles with the challenges of modern 
education. For example, Dinata et al. (2024) emphasized the role of science literacy in 
equipping students with critical thinking skills, while Sinaga et al. (2024) focused on 
integrating the concept of sustainability into science education. Meanwhile, Rochaenah 
et al. (2024) identified gaps in research related to science literacy on specific and complex 
topics such as thermodynamics, underscoring the need for more directed studies in this 
area. While previous studies have examined science literacy competencies and 
thermodynamics separately, this research uniquely combines both aspects through 
comprehensive competency profiling within the ESD framework using the ADI model, 
addressing a significant gap in current literature. The ADI model, which emphasizes 
scientific argumentation and evidence-based reasoning, has shown promise in 
developing and accessing scientific literacy competencies (Tucel et al., 2023), but its 
application in profiling thermodynamics competencies remains unexplored. The novelty 
of this research lies in its systematic approach to mapping science literacy competency 
profiles in thermodynamics learning, incorporating both ESD principles and ADI-based 
assessment frameworks.  

This research seeks to examine the science literacy profile of pre-service science teacher 
students, particularly in their comprehension of thermodynamics concepts. The study 
centers on the question: What are the science literacy characteristics of science education 
students concerning thermodynamics? The uniqueness of this research lies in its 
emphasis on thermodynamics, a vital yet complex subject that connects physics with 
environmental science, framed within the context of education for sustainable 
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development (ESD). According to Wulandari et al. (2024) integrating sustainability into 
science learning not only improves literacy competencies but also prepares students for 
real-world problem-solving. Furthermore, Fauziah et al. (2024) further highlight the 
importance of evaluating literacy levels to improve teacher readiness, making this study 
very relevant.   

The results of this study are expected to offer insight into the current state of literacy 
competencies among prospective science teachers, highlight strengths and identify areas 
that need to be improved (Sakti et al., 2021). These findings will contribute to the 
improvement of the curriculum and the development of more targeted educational 
strategies in science education (Juriyah et al., 2021) The integration of ESD in analyzing 
thermodynamic literacy is a new approach that addresses current gaps in research, as 
noted by Dinata et al. (2024), Sinaga et al. (2024), Rochaenah et al. (2024), Rochaenah et 
al. (2024), and Fauziah et al. (2024). The study is expected to significantly advance efforts 
in improving the preparation of science teachers and, ultimately, the quality of science 
education.   
 
RESEARCH METHOD 
The study focused on profiling the science literacy competencies of science education 
students in understanding the concepts of thermodynamics. The findings of this study 
serve as a foundational reference for considering future research goals aimed at 
enhancing the scientific literacy competencies of pre-service teachers, particularly in 
evidence-based decision-making and practical applications of thermodynamics. Figure 1 
is a flowchart that is systematically designed to support the discussion of this article, 
which focuses on the science literacy competency profile of science education students in 
understanding the concept of thermodynamics. This visualization makes it easier to 
understand the entire research process, starting from problem identification, problem 
formulation, to the preparation of recommendations based on the findings obtained. The 
research process is summarized in the flowchart shown in Figure 1.  

 
Figure 1. The research flowchart.  

 
The research begins by examining the existing literature to explore key concepts and 

findings of previous research on this topic, to build a strong theoretical basis for 
identifying important issues and determining the focus of the research. A literature 
review reveals that science education students who are preparing to become teachers 
have not reached an optimal level of science literacy. This issue is especially relevant 
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given the demands of 21st-century education, which requires prospective teachers to 
have the ability to explain scientific phenomena, conduct research, and make evidence-
based decisions. This study aims to evaluate the science literacy competency profile of 
science education students, especially in understanding the concept of thermodynamics. 
In addition, this study also seeks to identify aspects of science literacy that need to be 
strengthened and examine whether there are differences in competency achievement 
based on gender. 

This study uses a quantitative approach with descriptive analysis. The research was 
carried out in November 2024 at the Science Education Program of the State University 
of Surabaya, Indonesia. A random sample was selected from a population of 144 students 
using a random sampling technique, namely class B Science Education, which consisted 
of 35 students. The science literacy test instrument is adapted from the PISA 2025 
framework test with three main indicators of science competence in the concept of 
thermodynamics (OECD, 2023). The science literacy test instrument consists of 15 
questions, which are 10 multiple-choice and 5 essays. The classification of the tests is 
presented in Table 1. 

 
Table 1. Classification of scientific literacy tests. 

Science Competency Question Number Question Form 

Explaining scientific 
phenomena 

1 Multiple Choice 

5 Multiple Choice 

7 Multiple Choice 

1 Essay 

3 Essay 

Constructing and evaluating 
designs for scientific 
investigation and critically 
interpreting scientific data and 
evidence 

2 Multiple Choice 

3 Multiple Choice 

6 Multiple Choice 

9 Multiple Choice 

2 Essay 

Research, evaluate, and use 
scientific information for 
decision making 

4 Multiple Choice 

8 Multiple Choice 

10 Multiple Choice 

4 Essay 

5 Essay 

 
The data analysis technique of the students' science literacy level uses quantitative 

descriptive analysis with the calculation of the following equation (Arikunto, 2017). 
 

𝑆𝑐𝑖𝑒𝑛𝑡𝑖𝑓𝑖𝑐 𝑙𝑖𝑡𝑒𝑟𝑎𝑐𝑦 𝑠𝑐𝑜𝑟𝑒 =
𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑠𝑐𝑜𝑟𝑒

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒
 𝑥 100 

 
After obtaining the science literacy score from the calculation using the formula above, 

the score will be interpreted according to the level presented in Table 2. The data obtained 
from this science literacy test will be analyzed based on the science competencies tested 
in these questions (Hidayani et al., 2021). 
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Table 2. Interpretation of scientific literacy score. 

Score Level Description 

75.00 < x ≤ 100.00 Advance 
Able to reflect and make conceptual decisions 
independently very well without the need for 
guidance. 

50.00 < x ≤ 75.00 Proficient 
Able to understand texts literally and solve 
conceptual problems well independently. 

25.00 < x ≤ 50.00 Basic 
Able to search for information in science texts 
but still need guidance in understanding and 
validating concepts. 

< x 25.00 
Need Special 
Intervention 

Mastery of the concept is minimal and 
requires intensive assistance in data collection 
and validation discussions with competent 
colleagues. 

 
RESULTS AND DISCUSSION 
Results 
In this study, the science literacy competency profile of pre-service science teachers was 
analyzed to identify their understanding and skills in thermodynamic concepts that are 
fundamental in science education (Nafaida, 2018). The results show that the majority of 
pre-service science teachers’ science literacy competencies in understanding the concepts 
of temperature and heat are at the proficient level. However, these results are at varying 
levels, with some aspects showing good mastery, while others require more attention. 
Based on the tests carried out, the test results are obtained as presented in Figure 2 as 
follows. 

 
Figure 2. Total points distribution of scientific literacy test.  

 
Figure 2 explains the science literacy test scores obtained by 35 students. The 

descriptive statistics of the science literacy test results are presented in Table 3. 
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Table 3. Descriptive statistic of scientific literacy test result. 

Descriptive Statistics Value Statistics 

Number of subjects 35.00 

Minimum score 95.00 
Maximum score 30.00 
Average score 63.74 

Standard deviation 1.737 

 
This table displays basic information related to the results of science literacy tests, 

including the number of participants, score range, average score, and standard deviation. 
This gives an overview of the distribution and variation of the scores obtained in the test. 
The results of the science literacy test of students can then be categorized according to 
their level of science literacy in Table 4 and Figure 3. 

 
Table 4. Interpretation of scientific literacy test result. 

Score Level Total Percentage (%) 

75.00 < x ≤ 100.00 Advance 10 28,58 

50.00 < x ≤ 75.00 Proficient 18 51,42 

25.00 < x ≤ 50.00 Basic 7 20 

 x <  25.00 
Need Special 
Intervention 

0 0 

 

 
Figure 3. Interpretation of scientific literacy test result. 

 
The results of the analysis of the science literacy profile of prospective science teacher 

students in understanding the concept of thermodynamics showed a fairly good 
distribution. The majority of students, 51.42% are at the proficient level, which means 
they can understand the text literally and can solve conceptual problems well 
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independently (OECD, 2023). As many as 28.82% of students reached the advanced level, 
demonstrating their ability to reflect and make conceptual decisions independently very 
well without the need for guidance (Deta et al., 2024). Meanwhile, 20% of students are at 
the basic level, Abdi et al. (2023) states that in this level, they can find information in 
science texts but still need guidance in understanding and validating concepts. These 
findings are encouraging, as no students were identified at the special intervention level, 
which means that no one needs intensive assistance. Overall, 80% of prospective science 
teacher students have demonstrated adequate ability to understand the concept of 
thermodynamics, although there are still 20% who need additional support to improve 
their understanding. The results of the science literacy test reviewed based on the science 
literacy competency indicators are presented in Figure 4. The students' science literacy 
profiles show variations in achievement in three different competencies.  

 
Figure 4. Percentage of scientific literacy based on science competency. 

 
Competency 1, namely the ability to explain phenomena scientifically, reached the 

highest percentage of around 74.4%, indicating that students have a good understanding 
in explaining various phenomena with a scientific approach. Meanwhile, Competency 2, 
which includes the ability to design and evaluate scientific investigations and critically 
interpret scientific data and evidence, reached around 65.7%. Competency 3, which 
focuses on the ability to research, evaluate, and use scientific information for decision-
making and action, showed the lowest percentage, which was around 60.6%. This data 
indicates that although students are quite good at explaining scientific phenomena, they 
still need to improve their abilities in the aspects of research, evaluation, and use of 
scientific information for decision-making (Fauziah et al., 2024). This pattern indicates 
the need for strengthening competencies related to practical application and scientific 
evidence-based decision-making (Antika & Marpaung, 2023). 

The theme of gender equality is widely promoted, so the OECD always discusses the 
results of science literacy by comparing the scores of male and female students (Ministry 
of Education and Culture, 2023). Therefore, this study will discuss the comparison 
between genders as a form of science literacy profile of students. The results obtained by 
male and female students are shown in Figure 5. 

 

74,40%
65,70%

60,60%
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Figure 5. Average scientific literacy score comparing among gender. 

 
The data in the graph shows a comparison of the average science literacy score 

between male and female students. Female students obtained a maximum average score 
of around 62 points, while male students obtained an average score of about 58 points, 
with a difference of about 4 points. This difference indicates that female students have a 
slightly better level of science literacy than male students in this study. Despite the 
differences, the gap is not very significant, indicating that both male and female students 
have relatively equal abilities in understanding and applying science concepts (Oberleiter 
et al., 2023).  
 
Discussion  
The results of the study show that the majority of prospective science teacher students 
(51.42%) are at the proficient level in science literacy, especially related to the 
understanding of thermodynamic concepts. This indicates that most students have been 
able to understand and analyze the basic concepts of thermodynamics independently 
(Kristyowati & Purwanto, 2019). This achievement is an important asset considering their 
role as prospective educators who will transfer their understanding of science to students 
in the future (Muhajir et al., 2021). The analysis of science literacy competencies showed 
that students had the best ability to explain phenomena scientifically (74.4%). This ability 
reflects a good conceptual understanding of the principles of thermodynamics and their 
application in everyday phenomena (Mazidah et al., 2024). However, lower achievement 
in the competency to evaluate and use scientific information for decision-making (60.6%) 
indicates the need for reinforcement in applicative aspects and evidence-based decision-
making (Ilhami et al., 2024). 

As many as 20% of students are at the elementary level, indicating that there is an 
understanding gap that requires attention. This group needs additional assistance to 
deepen the concept, especially in the practical application of thermodynamics. 
Scaffolding strategies and structured mentoring can be a solution to improve their 
abilities (Fakhriyah et al., 2023). The distribution of scores that tend to be normal, with 
the majority at the proficient level, shows the effectiveness of the learning programs that 
have been implemented. However, Fadilah (2024) states there is still room for 
improvement, especially in developing higher-order thinking skills and scientific 
evidence-based decision-making skills. 

The ability to construct and evaluate scientific inquiry designs, which reached 65.7%, 
shows that students have a sufficient foundation in scientific methodology. However, it 

58,3

62,3

Average Score
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is necessary to strengthen the aspects of data interpretation and evaluation of scientific 
evidence to improve their research ability as prospective educators (Ding, 2022). The 
findings indicate that 28.58% of students at the advanced level excelled in reflection and 
conceptual decision-making. This group can be a role model and help in peer learning to 
support the improvement of their peers’ abilities (Kumar et al., 2024). The analysis 
revealed a positive correlation between the ability to explain scientific phenomena and 
the capacity to design scientific investigations. Elhai (2023) This suggests that a solid 
conceptual foundation aids in the development of scientific research skills. 

Figure 6 presents promising findings, showing that 85.7% of students understand the 
concepts of temperature and heat well enough to explain related scientific phenomena. 
This high percentage indicates that the majority of students possess strong skills in 
comprehending and articulating these scientific concepts. 

 

 
Figure 6. Results of the scientific literacy test for students in science competency 1. 

 
This shows the success of the learning process that has been implemented (Hung & 

Wu, 2024). This high level of understanding has positive implications for students' 
readiness to master the concepts of heat and temperature. However, around 14.3% of 
students still have not reached optimal understanding. This implies the need for special 
attention to improve the understanding of the student group (Oliver & Adkins, 2020). 
Rini et al. (2021) states that learning strategies can be focused on strengthening concepts 
for students who are still experiencing difficulties while maintaining a good quality of 
learning for the majority of students. 

The data presented in Figure 7, which shows a correct answer percentage of just 42.9%, 
highlights considerable challenges for students in both designing and evaluating 
scientific investigations as well as in critically interpreting scientific data and evidence. 
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Figure 7. Results of the scientific literacy test for students in Science Competency 2. 

 
This is a finding that needs serious attention, considering that the ability to identify 

the basic components of a phenomenon is a fundamental skill in science learning 
(Washburn et al., 2023). This low level of understanding implies the need for an in-depth 
evaluation of the learning methods used, especially in explaining the basic structure and 
components of scientific phenomena. Student ability that is still below 50% shows that 
there is an understanding gap that needs to be bridged through more effective and 
structured learning strategies (Alhusni et al., 2024). 

The data in Figure 8 indicates a satisfactory level of 68.6%, but there is still a need to 
enhance students' science literacy skills, particularly in the area of making decisions 
based on scientific data. 

 

 
Figure 8. Results of the scientific literacy test for students in science competency 3. 

 
This achievement indicates that most students already have a good foundation in 

analyzing and using scientific information, but there is still room for improvement 
(Alomari et al., 2023). An important implication of this data is the need to reinforce 
learning that emphasizes higher-order thinking skills (Berndt et al., 2021). Although more 
than two-thirds of students show good skills, there are still about 31.4% of students who 
need additional support in developing their evaluation and scientific evidence-based 
decision-making skills (Pörtner et al., 2024). To improve the science literacy profile of 
prospective science teacher students in understanding the concept of thermodynamics, 
the Argument-Driven Inquiry (ADI) approach can be an effective solution (Tucel Deprem 
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et al., 2023). ADI facilitates the development of evidence-based scientific argumentation 
skills, which are very relevant to the three science literacy competencies measured in this 
study (Purnomo et al., 2023). Novitasari et al. (2022) states that through ADI stages such 
as problem identification, data collection, tentative argumentation, interactive 
argumentation sessions, and investigative reports, students can better comprehend 
thermodynamic concepts while improving their science literacy comptencies.  

The results show varying levels of achievement across competencies, with the lowest 
being in evidence-based decision-making (60.6%), which aligns with findings form  
Fauziah et al. (2024) who highlighted similar challenges in students’ ability to critically 
evaluate and utilize scientific information. This highlights a specific area that requires 
intervention, as noted by Ilhami et al. (2024), who found that evidence-based decision-
making often poses a significant challenge for students. The ADI approach offers a 
structured method to improve this competency by enganging students in argument-
driven learning processes. The ADI approach offers a structured method to improve this 
competency by engaging students in argument-driven learning processes (Fakhriyah et 
al., 2023). Through activities such as data collection, critical evaluation of evidence, and 
collaborative argumentation, students develop the skills needed to make informed 
decisions (Novitasari et al., 2022). For instance, applying ADI in thermodynamic 
contexts—like evaluating the efficiency of renewable energy technologies—allows 
students to practice integrating scientific knowledge into meaningful, context-driven 
solutions (Purnomo et al., 2023). Additionally, maintaining focus on science literacy 
ensures that learning strategies are directly aligned with the research objectives. While 
real-world problem-solving is an important broader goal, this study emphasizes 
strengthening the specific competencies of explaining phenomena, conducting 
investigations, and decision-making. By contextualizing thermodynamic concepts within 
familiar scenarios, such as household energy use, the ADI approach ensures that 
students' learning experiences are both relevant and impactful. 

Integrating Education for Sustainable Development (ESD) into thermodynamic 
learning can enhance students' science literacy by providing meaningful context 
(Wulandari et al., 2024). Concepts in thermodynamics, including energy transfer, 
entropy, and thermal efficiency, can be related to sustainability topics such as energy 
efficiency in green buildings, product lifecycle analysis, and renewable energy 
technology development (Panda et al., 2021). This method not only deepens students' 
understanding of these concepts but also fosters their ability to assess and apply scientific 
information in making decisions about sustainability issues (Ozge et al., 2023). 
 
CONCLUSION 
Fundamental Finding : This study reveals that the majority of science education students 
(80%) possess adequate science literacy to achieve proficiency in understanding 
thermodynamics concepts. The best competency was to explain scientific phenomena 
(74.4%), but scientific investigative and evidence-based decision-making abilities showed 
room for improvement. Gender differences were also found, where female students had 
a slightly higher level of science literacy than male students. Implication :  These findings 
suggest that while the current educational program is effective in developing basic 
science literacy competencies, there is a need for enhanced focus on developing higher-
order thinking skills, particularly in scientific investigation and evidence-based decision-
making. The study recommends adopting the ADI approach and the integration of ESD 
contexts to enhance students’ comprehensive understanding of thermodynamics 
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concepts. Limitation : This research is limited to one student population at a university 
and only focuses on science literacy in the thermodynamics concept. The results may not 
be generalizable for the broader population or other scientific concepts. In addition, the 
research design is descriptive, so it does not evaluate the effectiveness of a particular 
learning intervention. Future Research : Further research should explore the 
effectiveness of ADI approaches in various other science topics and in the broader 
student population. Addition, it is recommended that an experimental study with a 
comparison class be developed to evaluate the real impact of learning strategies on 
improving science literacy and higher-order thinking skills. 
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