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Abstract

This study aims to identify students' creative thinking skills and concept mastery in the context
of temperature and heat material at SMA Negeri 2 Palembang and to explore the relationship
between these two variables. A quantitative descriptive research design was employed,
involving 60 students from class XI. Data was collected using the PhysCreTHOTS test, which
assesses creative thinking and concept mastery. The results showed that students' creative
thinking skills averaged 48.3%, falling within the "sufficient" criteria. Specifically, scores for
fluency, flexibility, originality, and elaboration were 55%, 44.9%, 44.8%, and 46.7%,
respectively, all within the "sufficient" range. Concept mastery scores were 50.2% for C4, 51.9%
for C5, and 46.4% for C6, indicating "moderate" criteria. A significant positive correlation (r =
0.512, p < 0.01) was found between creative thinking skills and concept mastery. The findings
indicate that while students exhibit moderate levels of creative thinking and concept mastery,
there is a significant relationship between these skills. This underscores the importance of
fostering creative thinking to enhance conceptual mastery in physics education, especially in the
context of temperature and heat materials.
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INTRODUCTION

The low quality of education can cause backwardness in a nation's or country's development
(Kurniawati, 2022). Education is a crucial element for the future because it is always emphasized as a
preparation for the roles that students will play in the future. If a nation's education is successful, the
quality of its human resources will improve. The success of education must be supported by the
presence of creativity in the learning process (Hasanah, Parno, and Hidayat, 2021; Armandita,
2018). In the 21st century, learning consists of 4C (Critical Thinking, Communication, Collaboration
Skills, and Creative Thinking). These skills can generate superior human resources (HR), especially in
the development and application of creative thinking skills (Damayanti, Santyasa, and Sudiatmika,
2020; Sutriyono, Ismet, and Wiyono, 2022). Creative thinking skills are essential for solving problems
and finding alternative solutions, and these skills become valuable assets in facing challenges,
especially in the current era of globalization (Rofiqoh, Subiki, and Budiarso, 2020). According to
Widana et al. (2021), in the current era, creative thinking skills are very important for students because
they help them adjust to the dynamics of change and development of the times. Creative thinking skills
enable students to generate new ideas and concepts, find innovative solutions to problems, and
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anticipate potential possibilities (Kamid et al., 2022; Nazhifah and Wiyono, 2023). Indicators of
creative thinking skills consist of four, namely (1) fluency, This is the skill to find relevant concepts to
solve a problem; (2) flexibility, Skills to find a variety of diverse ideas; (3) originality, which Is the
capacity to create new ideas that come from one's own thinking; and (4) elaboration, which is the skill
to think in detail and systematically (Siswanto, 2018). These skills enable individuals to find new
approaches to problem-solving and adapt to rapid change. Therefore, the integration of creative
thinking skills in education is necessary to prepare an innovative and adaptive generation (Mursidik,
Samsiyah, and Rudyanto, 2015; Usman and Gorontalo, 2024). Creative thinking skills will be more
meaningful if supported by strong concept mastery.

Concept mastery occurs when the knowledge provided to students is not just memorization but also
an understanding of basic concepts, enabling students to comprehend better the nature of the material
being taught (Hara, Astiti, and Lantik, 2023). Students' active participation in scientific activities,
exploration, and direct experience in learning helps develop concept mastery skills (Sundari, 2019). To
master the concept, one must master six categories of cognitive processes in the revised Bloom's
taxonomy (Sihaloho et al., 2023). Based on the revised Bloom Taxonomy, concept mastery develops
through several levels, namely remembering, understanding, applying, analyzing, evaluating, and
creating. To achieve a deeper understanding, students need to go beyond mere memorization and
develop higher-order thinking skills, enabling them to apply and analyze concepts in various contexts
(Wijaya, Jamaluddin, and Hadiprayitno, 2020). Good conceptual mastery will trigger and demonstrate
good learning outcomes, building solid knowledge. Creative thinking skills and concept mastery have
an interrelated relationship and are also positively correlated, meaning that the higher a person's
creative thinking skills, the more likely they are to be accompanied by strong concept mastery. This is
due to the encouragement of creative thinking skills, which foster individuals' curiosity, exploration,
and desire to try new things related to the concepts being studied, thereby enhancing their
understanding (Etikamurni and Sutopo, 2019). Creative thinking skills and concept mastery mutually
support one another in physics learning. Strong concept mastery is the basis for developing creativity,
while creative thinking allows the application of concepts in new situations and innovative problem-
solving (Ningrum, Rahman, and Riandi, 2022). Therefore, the relationship between concept mastery
and creativity in physics learning helps students understand the material more deeply and face real
challenges (Ismail, 2022). This not only helps students understand the material deeply but also prepares
them to face challenges and complex problems in the real world (Hasanah, Parno, and Hidayat, 2021).

Creative thinking skills and concept mastery are very important in physics education because they
interact with each other and can help solve physics problems. This statement is supported by previous
research that both are very important and complementary in physics education, creative thinking skills
help students to understand physics concepts in a more in-depth and innovative way, while mastery of
physics concepts provides a solid foundation for creative thinking in the context of physics (Nuriyah,
Suwarma and Kaniawati, 2021; Andriani, 2023). Therefore, creative thinking skills and concept
mastery are worth studying from any perspective, especially in physics education. Physics is a
scientific discipline that examines the reasons, causes, and processes of natural phenomena and answers
the questions of why, how, and why natural phenomena occur. One of the objectives of physics learning
is to enhance students' knowledge, understanding, and analytical skills of the surrounding environment
and its context (Wulandari, 2023). Temperature and Heat is one of the physics subject topics. Physics
is often considered a challenging subject because it involves the use of formulas and complex
calculations. A small percentage of high school students show interest in physics, but some of them
may choose a major without physics because of the perception that physics material is difficult to
understand, scary, and involves a lot of calculations and equations (Syamsul Mawardi, Muh. Yusuf
Hidayat, 2023). For grade XI high school students, temperature and heat materials are not easy to
understand. According to Rusilowati (2006), as cited in Darma Wulan, Sutarman, and Tahan
Sungkowo (2021), temperature and Heat are often the main challenges in learning physics for students.
This concept is often difficult to understand because it uses complex terms, giving rise to various
interpretations and thoughts among students when they learn it. Learning difficulties are a factor that
can cause failure or at least interfere with learning progress. In addition, understanding creative
thinking skills and the concepts of temperature and Heat are very important in education because of
their wide application in life and science, Mastery of these concepts helps students understand thermal
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energy transfer, changes in form, and increased energy efficiency. In addition, creative thinking allows
students to find innovative solutions, such as designing better thermal insulation or analyzing the
impact of temperature on technology and the environment; this understanding is relevant in
engineering, health, and climate change (Hara, Astiti, and Lantik, 2023; Mulder and Siswanto, 2023;
Indiana, Amaliyah and Hartini, 2024; Rini, Sitompul, and Hamdani, 2024).,

Based on the results of previous research conducted by (Windiarti and Mayasari, 2019) the results
of students' creative thinking skills were obtained with a presentation of 80% in the low category.
Research conducted by (Muhsin Hidayat, Sidin Ali and JIn Daeng Tata Raya, 2018)found that the
results of students' creative thinking skills in class 11 mipa with a score of 22.4 out of a maximum
score of 40. (Rohman, Ishafit and Husna, 2021) stated that one of the high schools found many students
who were less active and creative in learning physics. And according to (Reynawati and Purnomo,
2018) the data shows that the average value of students' creative thinking skills is 28.53, which is
included in the less creative category then according to research (Sirait, Sinaga, and Mulyono, 2018)
states the results of the student creative thinking skills test are not optimal, with students only being
able to provide one solution so that in the dimensions of creative thinking skills such as fluency,
flexibility, and originality, there are still visible deficiencies. As for mastery of concepts that have been
carried out by (Intisavira, Sari Mustika, and Karim, 2023) stated that high school students still have
difficulties in mastering the concepts of temperature and heat. Only about 6.87% of Indonesian students
have adequate skills in understanding the concepts of temperature and heat, while about 93.13% of
other students have insufficient skills in this regard, so from this study that students still do not have
complete mastery of concepts for temperature and heat material. Then in a study conducted by (Hara,
Astiti and Lantik, 2023) stated that students who experienced errors in concept mastery were 54%.

SMA Negeri 2 Palembang was established in 1957 with the current accreditation is “A” for class
XI with 30 students per class. The results of interviews with physics teachers of SMA Negeri 2
Palembang said that the ability to think creatively and mastery of physics concepts in class XI is still
lacking, this is supported by a small number of students whose scores are still below the KKM which
is 75. According to the physics teacher of SMA Negeri 2 Palembang, students' thinking skills are still
lacking because students still lack curiosity in their interest in learning, the apperception of class XI
students still has to be provoked. And students must use examples of everyday items. And student
language is still lacking in idealistic language. Students understand better by using their mother tongue
(regional). Based on the above background, this study aims to identify creative thinking skills and
concept mastery in learning physics on the subject of temperature and heat at SMA Negeri 2
Palembang, as well as the relationship between creative thinking skills and concept mastery.

METHODS

The method applied in this research is a descriptive quantitative method with a test method. The
quantitative descriptive method is a research approach that focuses on one case to be investigated in
detail by limiting observations to other cases. The quantitative approach was chosen because this
research involves standardized measurements, specifically using test instruments with results in the
form of numerical data that are analyzed statistically. Quantitative descriptive analysis was used to
describe the pattern of participants' answers in the form of percentages so as to provide an objective
picture of the pattern of their answers. This research focuses on a phenomenon, specifically creative
thinking skills and the mastery of the concept of temperature and heat materials.

The population in this study consisted of students from Class XI at SMA Negeri 2 Palembang. The
sample used in this study employed a purposive sampling technique (W John and N C, 2018). This
technique was chosen because it provides equal opportunities for each member of the population to
become a respondent so as to reduce sample bias (Firmansyah and Dede, 2022). The criteria used in
selecting this sample are students who have studied temperature and heat material, so they have
sufficient basic knowledge to answer the test. As well as students from classes with relatively uniform
academic backgrounds to ensure the accuracy of the comparison of results. Thus, two classes with a
total of 60 students were selected as research samples. The selection of grade XI students as research
subjects was based on the consideration that they already have a fairly strong foundation of physics
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concepts, so they can more easily understand the material provided. In addition, at this level, students
begin to be directed to develop higher-order thinking skills, which is the focus of this study.

The test instrument used is a creative thinking skills test developed by Istiyono, Dwandaru Brams,
and Rahayu (2018), namely the PhysCreTHOTS test, which measures creative thinking skills equipped
with concept mastery. This instrument was chosen because it measures creative thinking skills in more
depth through reasoned multiple-choice questions, integrates aspects of concept mastery with creative
thinking skills, and has a structured scoring system to classify student answer patterns. This test
contains multiple-choice questions on temperature and heat, requiring reasoning. Then, the assessment
is based on four categories. Category 1 is when the student's question and reason are wrong; Category
2 is when the student answers the question correctly, but the reason chosen is wrong; Category 3 is
when the student answers the question incorrectly, but the reason used is correct; Category 4 student
answer the question and reason correctly.

We used a computer-based test (CBT), which required us to convert the hard file questions into
CBT-based questions. The researcher chose Google Forms, an online survey platform that facilitates
the process of making tests. The data collection stage begins with the creation of a form through the
Google Forms platform. This form is designed with various types of questions, in accordance with the
research objectives, presented in multiple-choice format. To improve data accuracy, the answer key
feature and automatic scoring are enabled for multiple-choice questions. Students receive test questions
in the form of a link, after which students can take the test using their cell phones or laptops, making
the exam easier for students. Google Forms automatically collects and stores all responses in a Google
Spreadsheet, which facilitates further data analysis (Pramadjaya et al., 2021; Widayanti, 2021). In
addition, Google Forms provides data visualization features in the form of graphs and diagrams, which
helps in processing information quickly and systematically, as well as data accuracy and structurability,
making it an effective choice in this study (Asqia and Nabarian, 2021). The data provided by the
respondents were kept confidential and only used in this study. To find the relationship between
creative thinking skills and concept mastery using person correlation. Furthermore, the results of
students' answers after answering the test were analyzed using the formula and SPSS:

score = __Lscore 100% (D)

Y maximum score

The criteria for assessing students’ creative thinking skills are presented in TABLE 1, while the
concept mastery criteria are interpreted and presented in TABLE 2. These tables serve as references to
classify and interpret students’ performance, ensuring that the analysis results are systematic,
transparent, and in line with the objectives of this research..

TABLE 1. Criteria for Creative Thinking Skills (Nazhifah et al., 2023)

Percentage % Criteria
81-100 Very Good

61 —80 Good

41 - 60 Quite

21 -40 Deficient
0-20 Very Deficient

TABLE 2. Concept Mastery Criteria (Azizah, Parno and Supriana, 2019)

Score Range % Criteria

66.68 < Z <100 High

33.34 < Z < 66.67 Moderate
0<7Z<3333 Low
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TABLE 3 provides guidelines for interpreting correlation coefficients, indicating the strength and
direction of the relationship between variables.

TABLE 3. Correlation coefficient guidelines (Auw et al., 2023)

Correlation Coefficient Value The Power of Correlations

0.00 —0.25 The correlation is very weak

0.26 - 0.50 The correlation is sufficient

0.51-0.75 The correlation is strong

0.76 — 0.99 The correlation is very strong

1.00 The correlation is perfect
RESULTS AND DISCUSSION

Result

Creative Thinking Skills
The results of the data obtained from student answers were then analyzed to evaluate the extent of
students' creative thinking skills on temperature and heat material. The results of the analysis can be

seen in TABLE 4 and TABLE 5.

TABLE 4. Recapitulation of Data on the Acquisition of Students' Creative Thinking Skills

Category Percentage
Average Score 48.3
Minimum Score 27
Maximum Score 80
Standard Deviation 12.04

TABLE 5. Results of Recapitulation of Percentage Analysis of the Number of Students for Each Criterion of Creative

Thinking Skills
Definition Criteria Number of Students  Percentage
81 -100 Very Good 0 0
61 —80 Good 7 12
41 -60 Quite 35 58
21-40 Deficient 18 30
0-20 Very Deficient 0 0

Based on TABLE 4, after testing the creative thinking skills of class XI students at SMA Negeri 2
Palembang, the average score was 48.3, which falls within a sufficient category. From a total of 60
students, the highest score is 80, and the lowest score is 27. The standard deviation obtained is 12.04.
TABLE 5 shows that there are no students in the very good and very poor categories. In the good
criteria, as many as seven students, with a percentage of 12%, meet this criterion. These students
receive a score of 4 out of 11 available questions; in other words, they can answer the questions
correctly and provide the right reasons. However, most of them still receive scores of 3 and 2, so that
no student has reached the maximum score or entered the excellent category. A total of 35 students,
representing 58% of the class, met the sufficient criteria.

FIGURE 1 presents an overview of creative thinking skills analyzed based on several important
indicators. Creative thinking skills encompass various aspects, such as fluency in generating ideas,
flexibility in finding alternative solutions, originality of ideas, and the ability to elaborate ideas in more
detail. Understanding each of these indicators is essential to see the extent to which students are able
to apply creative thinking in the learning process.
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Creative Thinking Skills

100%
90%
80%

70%
60% 55%

50% 44.90% 44.80% 46.70%
40%
30%
20%
10%

0%
Fluency Flexibility Originality Elaboration

FIGURE 1. Percentage of students' creative thinking skills on each indicator

Based on the study's results, it appears that none of the four indicators of creative thinking skills fall
into the very good or very poor criteria. Of the four indicators of students' creative thinking skills, the
indicator with the highest percentage value of 55% and sufficient criteria is the fluency indicator. The
flexibility indicator has a percentage value of 44.9%, the originality indicator has a value of 44.8%,
and the elaboration indicator has a value of 46.7%. The three indicators are sufficient criteria for
assessing creative thinking skills. The results of the research that has been done for creative thinking
skills shows the results that in the creative thinking skills of students in class XI SMA Negeri 2
Palembang have diverse creative thinking skills with the prominent criteria are sufficient criteria.

Concept Mastery

Data on the level of concept mastery is also analyzed through student answers based on the cognitive
level of the test questions given. The data obtained were collected to be analyzed and determine the
extent of the students' mastery of the concept of temperature and heat. The results of the analysis for
concept mastery are presented in FIGURE 2, as well as in TABLE 6 and TABLE 7.

The Level of Concept Mastery

100%
90%
80%
70%
60% 50.20% 51.90%
50%
40%
30%
20%
10%

0%

46.40%

Cs C6

FIGURE 2. Students' Concept Mastery Level
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Based on the results of the research, the level of mastery of concepts is classified using the cognitive
domain that exists in the test questions given to students, for the level of mastery of concepts with the
highest value is in the cognitive domain C5 of 51.9 and the value of the lowest level of mastery of
concepts is in the cognitive domain C6 with a value of 46.4. C4 cognitive domain gets a value of 50.2.
For the three average values of the cognitive domain C4 - C6 classified as moderate criteria.

TABLE 6. Level of Concept Mastery of All Class XI Students on Temperature and Heat Material

Percentage Number of Students

Criteria ca C5 c6 Average
High 13 22% 14 23% 3 5% 17%
Moderate 33 55% 32 53% 46 77% 62%
Low 14 23% 14 23% 9 15% 20%

TABLE 6 presents the results of concept mastery for 60 students in Class XI. In the high criteria of
the cognitive domain, C4, as many as 13 students, with a percentage of 22%, C5, as many as 14
students, with a percentage of 23%, and then C6, with 3 students, a 5% percentage value. While in the
moderate criteria for C4 there were 33 students with a percentage of 55%, C5 with 32 students with a
percentage of 53% then C6 with a percentage of 77% with 46 students. In the low criteria, C4 had 14
students, representing 23% of the total, C5 had 14 students, representing 23% of the total, and C6 had
9 students, representing 20% of the total. This indicates that the level of mastery of concepts on
temperature and heat material for class XI at SMA Negeri 2 Palembang falls within the moderate
criteria, with an average of 62%.

TABLE 7. Criteria for Mastery of Student Concepts Based on Indicators for Each Temperature and Heat Sub Matter

Percentage Number of Students

No Indicator .
High Moderate Low

1 Answer the problem of changes in the form of substances . . .
and changes in temperature on a graph based on facts (C5) 22% 33% 45%

2 Fluency express ideas about the water anomaly event (C6) 57% 13% 30%

3 Seeing errors or assessing the effect of heat on changes in 0 0 o
the form of objects (C5). 43% 10% 47%

4 PI‘F)VIFIC a point of view on the application of the black 429 10% 48%
principle in everyday life (C4).

5 Thinking about problem solving to find out the meaning o o o
of heat and type of a substance (C6) 15% 12% 73%

6 Class1fy expansion events based on the properties of 20% 29% 589
expanding substances (C6)

7  Solve new problems through experiments to prove the 28% 1% 62%
expansion of gas (C6)

8  Seek deeper meaning of convection in three metal rods 13% 17% 70%
based on experiment (C6)

9  Enrich the idea of expansion of solids in daily life (C4) 30% 20% 50%

10  Try to make meaning about heat transfer (C6) 55% 8% 37%
Average 30% 14% 47%

TABLE 7 shows the percentage of the number of students who have completed the test questions
on temperature and heat material on each indicator that has been categorized. In the high criteria for
concept mastery 57% of students. Furthermore, in the low criteria, the largest percentage of 73% lies
in the indicator of question number 5 with the cognitive domain C6.
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Relationship Between Creative Thinking Skills and Concept Mastery

The relationship between creative thinking skills and concept mastery is an important focus to be
analyzed in this study. TABLE 8 presents data that illustrate the correlation between these two
variables.

Table 8. Results of the analysis of the relationship between creative thinking skills and concept mastery.

Correlation Creative Concept Mastery
Thinking Skill

Spearman’s Creative Correlation Coefficient 1.000 S12%*
rho Thinking Sig. (2-tailed) . .000
Skill N 60 60

Concept Correlation Coefficient S12%* 1.000

Mastery Sig. (2-tailed) .000 .

N 60 60

**_ Correlation is significant at the 0.01 level (2-tailed).

Based on TABLE 8, the Sig. (2-tailed) value is <0.000. Then the value of Sig. (2-tailed) <0.05, then
there is a significant relationship between creative thinking skills and mastery of the concept of class
XI students of SMA Negeri 2 Palembang on temperature and heat material, so HO is rejected and H1
is accepted. This is in accordance with the statement of (Ramadhan and Theresia, 2022) that if the
significance value <0.05 then the two variables are correlated. Based on Figure 3, it is also obtained a
correlation coefficient value of 0.512, so the correlation creative thinking skills and mastery of the
concept of class XI students of SMA Negeri 2 Palembang is strong. the correlation coefficient value
obtained is positive, meaning that the relationship between the two variables is in the same direction.

Discussion

This research was conducted to identify students' creative thinking skills and concept mastery of
temperature and heat materials. This study was also conducted to determine the relationship between
students' creative thinking skills and mastery of the concept of grade XI students on temperature and
heat material. Creative thinking skills are very important for current and future technological advances
and are even one of the indicators that measure the quality of education in countries around the world
(Habibi et al., 2020) Meanwhile, concept mastery is a high-level thinking ability or concept mastery is
the cognitive ability of students on the material studied (Eliyarti, Rahayu and Zakirman, 2020; Widya
and Adri, 2021). Creative thinking skills and concept mastery complement each other, also contributing
to student development (Ode et al., 2016).

Creative Thinking Skill

The following is an explanation of students' creative thinking skills for each indicator. There are no
students in SMA Negeri 2 Palembang who are in the very poor category. Many students are in the
sufficient category. In this case, the sufficient criterion is students who get a score of 3, which means
they answered the question incorrectly but provided the correct reason. Then, as many as seven students
fell into the lower criteria, with a percentage of 12%. Students who met this criterion mostly received
a score of 2, which means they not only gave the wrong answer but also provided the right and wrong
reasons. This is aligned with the research proposed by Armandita (2018), which suggests that there are
no students who possess no creative thinking skills or zero intelligence. The same point was also made
by Susilowati et al. (2022), who noted that students lack mastery of this skill because they are less
trained, not because they do not understand creative thinking skills. Creative thinking skills comprise
four indicators: fluency, flexibility, elaboration, and originality (Rohmantika and Pratiwi, 2022). The
explanation of each indicator of creative thinking skills is as follows.
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Creative Thinking Skills Based on Fluency Indicators

The average value of the results obtained by SMA Negeri 2 Palembang students for the fluency
indicator is 55%. According to the creative thinking skills criteria table, the value is in the sufficient
criteria. In the fluency indicator, creative thinking skills are defined as students' skills to see the
relationship between concepts in a short and precise time. Concept understanding is one of the factors
that determines whether students are categorized as good or less on this indicator. Students who
understand the concept well will find it easy (Trianggono, 2017). The fluency indicator is one of the
indicators of creative thinking skills, placed as one of the highest indicators of creative thinking ability,
emphasizing that the ability to speak fluently is very important in the development of creative thinking
ability (Firdaus, Widodo, and Rochintaniawati, 2018).

Creative Thinking Skills Based on Flexibility Indicators

Creative thinking skills for flexibility indicators are thinking by expressing ideas from perspectives
that are different from the views of others (Rahmawati, 2022; Nazhifah et al., 2023). Based on the data
in FIGURE 1, the percentage value for the flexibility indicator is 44.9%. This percentage is classified
as sufficient criteria. The data aligns with research (Kaleka and Nur, 2018), which indicates that the
flexibility indicator, with a value of 57.78%, meets the sufficient criteria; however, students are not yet
fully effective in conveying various concepts. Because they have no experience in describing
phenomena or problems that occur in everyday life, their answers tend to be monotonous or limited to
one perspective.

Creative Thinking Skills Based on Originality Indicators

Thinking originality means that they are able to think innovatively and creatively (Wahyuni and
Palupi, 2022). Based on the values shown in FIGURE 1, it shows that the originality indicator obtained
a percentage of 44.8% with sufficient criteria. then these findings are in line with the results of research
conducted by (Umamah and Andi, 2019) with the results of 63.64% on the originality indicator with
sufficient criteria, this is caused by students who have not been trained to face problems that involve
new ideas and discoveries due to their lack of experience in this regard.

Creative Thinking Skills Based on Elaboration Indicators

Elaboration is a skill in developing ideas (Mulder and Siswanto, 2023). Based on FIGURE 1, it
shows that students have elaboration skills of 46.7%. These values indicate that their elaboration skills
are sufficient. This finding is in line with research conducted by (Qomariyah and Subekti, 2021) with
a percentage of 46% with a sufficient category, and based on findings conducted by (Mulder and
Siswanto, 2023) with a percentage of 68% saying that students' creative thinking skills are still lacking
due to the level of activity of the teaching and learning process in the classroom. This is due to the level
of activity of the media, methods, models, and approaches used in the teaching and learning process.

Concept Mastery

The overall results of the concept mastery analysis in FIGURE 2 show that SMA Negeri 2
Palembang students are classified as moderate. This finding is not in line with research conducted by
(Mufidah and Dimas, 2022) that concept mastery is at a percentage of 61%, this is influenced because
the learning style of each student is different, so teachers must know and understand the learning style
of each student so that they can understand the material better.

Mastery of the Concept of All Students in Grade XI Temperature and Heat Material
Based on TABLE 6 the level of mastery of the concept of class XI students of temperature and heat

material is more dominant in the Moderatecriteria. In high criteria, especially the C6 cognitive domain,
only 5% or only 3 students can answer. According to (Sadiqin, Santoso and Sholahuddin, 2017) said

e-Journal: http://doi.org/10.21009/1



JPPPF (Jurnal Penelitian dan Pengembangan Pendidikan Fisika) Volume 11 Issue 1, June 2025
p-ISSN: 2461-0933 | e-ISSN: 2461-1433 98

the development of students' ability to reason concepts, including the ability of abstraction and
discrimination contributed to the improvement of their concept mastery. Previous research (Azizah,
Parno and Supriana, 2019) also said that students face difficulties when answering questions about
temperature and heat material because they tend to misunderstand concepts, make calculation errors,
and have difficulty applying these concepts in the context of everyday life. Even though they have
learned it since junior high school, students still have difficulty solving problems that test their mastery
of the concept.

Percentage of Students' Concept Mastery Based on Indicators of Each Temperature and Heat Sub
Matter

High Criteria Concept Mastery

Concept mastery in high criteria is in question number 2 with the indicator of fluently expressing
ideas about the water anomaly event (C6). Students who meet these criteria are students who get a
score of 4 and a score of 3. Previous study research proposed by (Docktor et al., 2015) shows that if
students face problems with temperature and heat, it shows that they lack understanding of the concept.

Mastery of Moderate Criteria Concepts

The largest percentage for moderate criteria is 33%, located in question number 1 with the indicator
Answer the problem of changes in the form of substances and changes in temperature on a graph based
on facts (C5). According to (Yuliana, Kusairi and Taufig, 2019) this shows that students still have
difficulty in solving problems regarding temperature and heat, therefore students' mastery of concepts
must be improved so that they no longer experience mistakes in understanding the concept of the
material provided.

Mastery of Low Criteria Concepts

Based on TABLE 7 for low criteria, the largest percentage value is 73% with the indicator that
students can think of problem solving to find out the meaning of heat and the type of a substance (C6)
in question 5. This is in accordance with previous research which shows that ideas about temperature
and heat, which include temperature, heat, heat transfer, and how heat affects objects, including
expansion, temperature changes, and shape changes, are difficult for students to understand (Wahidah
S., Kusairi and Zulaikah, 2017).

The Relationship Between Creative Thinking Skills And Mastery Of The Concept Of Temperature and
Heat Material

The relationship between creative thinking skills and concept mastery was analyzed using Spearman
Rank Order Correlation analysis. Spearman Rank Order Correlation analysis is a nonparametric
statistical analysis used to estimate the relationship between independent variables and dependent
variables (Akhri Julian and Yanti Apriza, 2022). The purpose of this analysis is to find the relationship.
Based on Table 7, it shows that the value of Sig. (2-tailed) value is <0.000. Then the value of Sig. (2-
tailed) <0.05, then there is a significant relationship between creative thinking skills and mastery of the
concept of class XI students of SMA Negeri 2 Palembang on temperature and heat material. And based
on table 7, the correlation coefficient value is 0.512, so the relationship between creative thinking skills
and mastery of the concept of class XI students of SMA Negeri 2 Palembang is strong. This finding is
supported by the statement (Ode et al., 2016; Hara, Astiti, and Lantik, 2023). Creative thinking skills
have a very important relationship with the mastery of temperature and heat concepts in physics
learning. With creative thinking skills, students can generate innovative ideas and solve complex
problems related to the concepts of temperature and heat. Conversely, strong concept mastery of
temperature and heat material allows students to understand and apply physics principles related to
temperature and heat in various situations.
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Based on the research, the overall creative thinking skills of students are categorized at 48.3% as
sufficient. The results of this study align with the findings of previous research conducted by Meiarti
(2021), Riyaldo et al. (2021), and Wafa et al. (2025), which indicate that after completing the creative
thinking test in physics learning, students fall into the moderate category. However, this finding is
different from some previous studies which show that students' creative thinking skills are in the high
and medium categories (Armandita, 2018; Mako, Harso and Kaleka, 2020; Qomariyah and Subekti,
2021). In addition, the study's results also revealed that creative thinking skills fell into the low category
(Saprudin et al., 2019; Trisnayanti et al., 2020; Hasanah, Parno, and Hidayat, 2021; Wulandari et al.,
2021; Mulder and Siswanto, 2023). All of these studies show that students' skills are still relatively low
and have not developed optimally. The results of research on the mastery of the concept of class XI
students at SMA Negeri 2 Palembang on temperature and heat material show that the majority of
students are in the medium criteria with an average percentage of 62%. In detail, in the C4 cognitive
domain, 55% of students were in the moderate criteria, while for C5 and C6, the percentage of students
in the moderate criteria was 53% and 77% respectively. This indicates that most students have achieved
sufficient conceptual understanding, but still have difficulty in higher-order thinking aspects, especially
at the C6 level which only reached 5% at the high criteria. This result is in line with research in
Samarinda which showed the level of concept mastery at the C4 (analysis) level was 63% (Sari, Qadar
and Hakim, 2023), which is almost similar to the findings at SMA Negeri 2 Palembang where the
majority of students (55%) were at the medium criteria for C4. There was a significant difference at
the C6 (creation) level, where this study showed a dominance at the moderate criteria (77%), in contrast
to the previous study which only reached 50% (Sari, Qadar and Hakim, 2023). In a study conducted
by Khoiri, Ristanto and Kurniawan (2022) found the majority of students were at a moderate level of
mastery (55-77%), especially in basic conceptual understanding (C2-C3). However, the ability to
analyze (C4) is still weak (57%). This could happen because both of them identified conventional
learning methods and a lack of complex problem-solving exercises as inhibiting factors (Fatmawati,
Parno, and Diantoro, 2025). This discrepancy may be due to the different learning strategies used. In
SMA Negeri 2 Palembang, the dominance of moderate criteria may indicate that the learning approach
is still conventional, so it does not encourage the development of creative thinking skills.

Based on a thorough analysis, it was found that there were differences in creative thinking skills
and concept acquisition. This difference is primarily influenced by several key factors, including
variations in the instruments used by each researcher, differences in the materials tested, the level of
difficulty of the questions on each indicator, and students' limitations in understanding the provided
information (Ismail, 2022; Paryumi, 2022). Additionally, the instruments used to measure creative
thinking skills and concept mastery have limitations in capturing all aspects of students' creativity and
conceptual mastery. This results in errors in answering questions and low student sensitivity to the
questions given. Sensitivity to the problems presented is crucial for students to generate new ideas or
concepts that have never been considered before, thereby developing creative thinking skills and
concept mastery (Arisanti, Sopandi, and Widodo, 2017; Armandita, 2018; Sihaloho et al., 2023). All
students have the potential for creative thinking and also high concept mastery, but these abilities often
receive less attention (Susilowati et al., 2022; Mulder and Siswanto, 2023). As a result, students'
creative thinking skills and concept mastery tend to be low, as shown in the results of this study and
previous studies. In addition, a supportive learning approach is needed to familiarize students with
creative thinking and improve concept mastery.

Previous research (Misbah et al., 2021; Muttaqiin, 2023; Sari, Qadar and Hakim, 2023) found that
STEM-based learning methods can significantly improve student creativity. Then educators can use
problem-based learning approaches, as well as project-based learning (PJBL) In addition, according to
(Sari et al., 2021; Safitri and Salma, 2023; Atiqoh, Lokal and Kritis, 2024) said that the integration of
local-based learning can improve creative thinking skills and concept mastery, but there are still
challenges in increasing the percentage of students who reach the high understanding category. The
difference in results in the low concept mastery category can be caused by several factors, such as
limited student experience in using a STEM-based approach that integrates local wisdom. that the level
of student familiarity with the applied learning approach affects its effectiveness in improving creative
thinking skills and concept mastery. Furthermore, teachers as educators have an important role in
fostering self-confidence and reducing the fear of students so that they are more willing to convey ideas
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and innovations in the learning process, so that creative thinking skills can develop (Wiyono et al.,
2022). In supporting this, teachers are increasingly utilizing interactive learning media, such as
educational games (Anggraeni and Sole, 2020), online learning, and electronic books (Adawiyah et al.,
2019; Irwandani et al., 2020; Rahayu et al., 2022), which can be used to improve students' creative
thinking skills and concept mastery (Yulianci et al., 2021). In this study, it was also found that there
was a strong relationship between creative thinking skills and concept mastery as evidenced by the
significance value of 0.512. This shows that there is a positive relationship between creative thinking
skills and concept mastery. That is, the higher the students' creative thinking skills, the better their
concept mastery tends to be. However, this relationship is not entirely strong, which means there are
other factors beyond creative thinking skills that also affect students' concept mastery. These factors
could include teaching methods, learning environment, student motivation, or even the curriculum used
(Siburian et al., 2019; Bhuttah et al., 2024).

Based on the results of this study as well as previous research, the findings are expected to be an
evaluation material for the education system in Indonesia in developing innovations to improve
learners' skills. The findings can provide insights for educators in designing more effective learning
strategies to improve creative thinking skills as well as those that support the development of students'
understanding to the students' higher levels. Teachers can develop problem or project-based approaches
that emphasize concept exploration and creativity in physics problem solving (Muliyani, Suhandi and
Prima, 2023; Bhuttah et al., 2024; Muftidafila and Rosyida, 2025). These results suggest that the
physics curriculum in schools can further emphasize aspects of creativity by providing space for
students to explore concepts through experiments and open discussions. Curriculum development is
also needed that emphasizes STEM-based activities that have been proven effective in improving
concept mastery (Hasanah Purnama et al., 2023). Curriculum adjustments that are more flexible in
presenting investigation-based materials can help students understand the concepts of temperature and
heat more deeply. As well as policies that are more supportive of the application of learning approaches
that are oriented towards the development of creative thinking skills and mastery of student concepts.
This policy can include teacher training in implementing innovative learning methods and providing
facilities and infrastructure that support exploration and experiment-based learning (Kusumaningtyas
et al., 2023). Further research to be conducted in the future can focus on the integration of technology
such as augmented reality or virtual labs in physics learning to see its impact on students' creative
thinking skills and concept mastery.

CONCLUSION

The results of data analysis showed that the creative thinking skills of class XI students on
temperature and heat material at SMA Negeri 2 Palembang had an average percentage of 48.3%, which
was in the sufficient category. Based on the creative thinking indicators, the fluency value was 55%,
flexibility 44.8%, originality 44.7%, and elaboration 44.6%, all of which were in the sufficient
category. Meanwhile, students' concept mastery in the C4 cognitive domain has a percentage of 50.2%,
C5 of 51.9%, and C6 of 46.4%, which is classified in the moderate category. In addition, this study
found a strong and positive relationship between creative thinking skills and mastery of temperature
and heat concepts, indicating that improving creative thinking skills can encourage better conceptual
understanding. These findings provide insight that the development of creative thinking skills can
contribute to improved understanding of physics concepts at the secondary level. One recommendation
for educators is to adopt more interactive learning strategies, such as the use of technology-based media
and project-based approaches, to improve students' creative thinking skills as well as concept mastery.
In addition, this study revealed that although creative thinking skills have a positive relationship with
concept mastery, the percentage of achievement in both aspects is still moderate. This indicates the
need for innovation in teaching methods that are more student-centered, such as inquiry-based learning
or collaborative discussions, so that students are more active in exploring physics concepts. Thus, this
study contributes to understanding the relationship between creative thinking skills and concept
mastery in physics education and provides a perspective for future research. The implications of the
findings encourage further reflection on how more innovative learning strategies can improve the

e-Journal: http://doi.org/10.21009/1



JPPPF (Jurnal Penelitian dan Pengembangan Pendidikan Fisika) Volume 11 Issue 1, June 2025
p-ISSN: 2461-0933 | e-ISSN: 2461-1433 101

quality of physics learning in secondary schools as well as contribute to the development of higher
order thinking skills among students.
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