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Introduction

Abstract: This study explores the role of technology in addressing misconceptions
related to temperature and heat concepts in high school physics education.
Misconceptions in physics, particularly on abstract topics like temperature and
heat, can significantly hinder students' understanding of core scientific principles.
The research focuses on identifying common misconceptions among high school
students and examining how digital tools, such as interactive simulations and
augmented reality (AR), can be used to clarify these misconceptions. Data was
collected through interviews and classroom observations of 23 students from a
high school in Tasikmalaya, Indonesia. The findings reveal that many students
hold misconceptions, such as believing that water temperature will continuously
rise with added heat without considering phase changes. Additionally, the study
highlights how digital tools can provide a more interactive and visual learning
experience, enhancing students” comprehension of complex concepts. The use of
technology in physics education is shown to be effective in correcting
misconceptions and improving overall understanding. The study concludes that
integrating technology into the classroom can offer significant benefits in
addressing misconceptions, but challenges such as limited access to resources and
teacher training must be overcome to maximize its potential.
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Physics is a natural science that examines physical phenomena through in-depth concepts and

theories (Alfiansyah et al., 2022; Maolani et al., 2025; Nurdini et al., 2025). At the secondary education
level, physics learning often encounters challenges, particularly in teaching abstract concepts such as
temperature and heat (Irvani et al., 2017; Sari et al., 2023; Septianti et al., 2023; Shrestha et al., 2023).
These concepts frequently confuse students because they are not directly observable and require a
deeper understanding of fundamental physical principles. Misconceptions surrounding these concepts
represent one of the main obstacles in the learning process, ultimately affecting students’ ability to
achieve comprehensive understanding of the subject matter (Assem et al., 2023; Guerra-Reyes et al.,
2024; Soeharto & Csapd, 2021).
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The difficulties students face in understanding temperature and heat are also influenced by their
intuitive knowledge, which does not always align with the scientific concepts taught in class. Research
has shown that students often perceive temperature and heat as the same entity, whereas they are
fundamentally distinct concepts (Argyropoulos & Yfantis, 2021; Duruk et al., 2021; Yeo et al., 2021).
One of the main causes of this misconception is students” inability to differentiate between thermal
energy, temperature, and heat, each of which possesses unique characteristics within the context of
physics. The majority of students still hold misconceptions regarding these fundamental concepts
(Assem et al., 2023; Machova & Ehler, 2023).

To address these challenges, more innovative and interactive learning approaches need to be
developed. One effective method that has been proven is the use of instructional materials based on
active learning methods, such as Predict-Observe-Explain (POE), which provides students with the
opportunity to directly engage with physics concepts (Assafuah-Drokow, 2023; Qolbi et al., 2024; Wang
& Wang, 2023). With this approach, students can observe physical phenomena, predict the outcomes,
and then explain their observations, which can deepen their understanding of the concepts of
temperature and heat. The use of interactive e-books based on POE can help reduce misconceptions
and enhance students' understanding of these complex concepts (Afriwardani et al., 2023; Cirakoglu et
al., 2022).

Misconceptions are one of the major challenges in physics education, where students have an
understanding that is incorrect or inconsistent with the scientifically accurate concepts (Henukh et al.,
2024; Smart et al., 2024). These misconceptions often stem from everyday experiences that are not
entirely accurate or from improper interpretations of the physical phenomena being studied. In the
context of learning temperature and heat, many students are unable to differentiate between the
processes of heating and the phase changes of a substance (Baydere, 2021; Inaltekin & Akcay, 2021).
For example, they often assume that the temperature of water will continuously rise during heating,
without considering the fact that phase changes, such as from liquid to gas, can occur at a certain point
without a significant temperature change. This misunderstanding may hinder a deeper understanding
of the actual concepts of heat and temperature changes.

Research on misconceptions in physics education shows that this is very common, especially in
topics involving thermal concepts. One form of misconception frequently encountered is the idea that
temperature and heat have the same meaning (Stefanou et al., 2024; Susanti, 2021). In fact, temperature
is a measure of the average kinetic energy of particles in a substance, while heat is the energy
transferred between systems due to a temperature difference. If not addressed properly, this
misconception can lead to difficulties in understanding other more complex foundational concepts,
such as the laws of thermodynamics or physical processes involving energy transfer. Therefore, it is
crucial to identify and address these misconceptions early on so that students can build a more accurate
and structured understanding.

Various studies have identified effective strategies for reducing misconceptions in physics
education. One such strategy is providing more detailed explanations of the differences between
temperature and heat, as well as teaching the concept of phase changes in the context of heating
(Baydere, 2021; Matuszek et al., 2022). The use of visual aids, such as diagrams or animations depicting
temperature and heat changes during heating, can help students understand these processes more
clearly. Additionally, an experimental-based learning approach can provide students with hands-on
experience of the phenomena occurring during heating, allowing them to observe and experience the
difference between temperature increase and phase changes in a tangible way. Therefore, these
strategies can help reduce misconceptions and improve students' understanding of basic physics
concepts.

Educational technology has opened up significant opportunities for transforming the way
learning takes place, particularly in addressing misconceptions that often occur in physics topics (Irvani
et al., 2024; Maolani et al., 2025; Shrestha et al., 2023). By utilizing digital media, physics education can
be presented in a more interactive and visual manner, allowing students to see and directly interact
with abstract physics concepts. For example, the use of computer-based physics simulations can help
students understand physical phenomena, such as temperature and heat changes, in a more concrete
way. Through these simulations, students can directly observe how temperature changes occur in a
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substance being heated or how thermal conductivity affects the rate of heating, which is difficult to
grasp through verbal explanations or static images (Illene et al., 2023).

One effective example of technology use is augmented reality (AR)-based applications that allow
students to interact with 3D models of physics concepts. AR applications enable students to "see"
particles at the microscopic level, such as how water molecules move during heating or how heat flows
through materials with different thermal conductivities. By observing these phenomena directly,
students can correct their misconceptions about physical processes, such as confusion regarding phase
changes at specific temperatures. Previous research shows that the use of AR can enhance students'
understanding of challenging physics concepts by providing in-depth and interactive visualizations
(Sisman et al., 2024; Vidak et al., 2024).

The use of simulation software, such as PhET Interactive Simulations, has proven effective in
helping students understand the concepts of temperature and heat. With features that allow students
to change variables such as the amount of heat applied or the type of material being heated, this
software provides an opportunity for students to directly explore physical phenomena. This supports
the constructivist learning theory, which states that students achieve a better understanding when they
are actively engaged in the learning process and can relate new concepts to their own experiences
(Mishra, 2023; Zajda & Zajda, 2021). With the right educational technology, students can not only
correct their misconceptions but also develop a deeper and more applied understanding of complex
physics concepts.

The main objective of this study is to analyze misconceptions that occur among students
regarding the topics of temperature and heat, and to explore how technology can play a role in
addressing these misconceptions. Misconceptions in physics, particularly in abstract concepts such as
temperature and heat, often become barriers to achieving a correct understanding of the material.
Therefore, it is important to delve deeply into the types of misconceptions present among students and
understand the factors causing them. This study focuses on identifying misconceptions among 11th-
grade students at a high school in Tasikmalaya, with the goal of providing a clearer picture of the
common misunderstandings that arise in physics education, particularly concerning the topics of
temperature and heat.

This study also aims to explore the use of technology as a tool to address the misconceptions
identified. Technology, with its various educational tools and applications, has great potential to
present physics material in a more visual and interactive form. Therefore, it is expected that technology
can facilitate students in understanding abstract and complex concepts, such as temperature, heat, and
phase changes. This study also aims to examine how the application of technology, such as physics
simulations or digital-based applications, can help students correct their misconceptions and deepen
their understanding of the material taught. Through this analysis, it is hoped that empirical evidence
can be found regarding the effectiveness of technology in enhancing physics understanding and
reducing misconceptions among students.

Method

This study employs a descriptive-analytical research design, aimed at analyzing misconceptions
that occur among students in physics education, particularly concerning the topics of temperature and
heat. This design allows the researcher to explore and describe the phenomenon of misconceptions
among students, as well as identify the factors influencing their understanding of physics concepts
(Amarulloh & Irvani, 2025; Klassen et al., 2012). With this approach, the researcher can detail the types
of misconceptions found and the relationships between the concepts misunderstood by students. The
descriptive-analytical approach enables the study to present deeper data on how misconceptions arise
and develop during the learning process.

This study was conducted with 23 students from class XI MIPA 7 at a high school in Tasikmalaya.
From this group, 3 students were selected as samples for in-depth interviews to further explore the
misconceptions they had regarding the topics of temperature and heat. The sample selection was
purposively done to obtain more specific and detailed information about the students' understanding
of the concepts being taught. These interviews allowed the researcher to explore the students'
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understanding directly and gain a clearer picture of their comprehension, as well as the types of
misconceptions that might arise.

To collect data, the researcher used two main methods: interviews and direct classroom
observation. The interviews were conducted with the 3 selected students to explore their
understanding in more depth. During the interviews, students were asked to explain their
understanding of the concepts of temperature and heat, as well as related phenomena. Direct classroom
observation was carried out to observe how students interacted with the physics material being taught
and to identify potential misconceptions that might arise during the learning process. Data collection
through these two methods provides a more comprehensive understanding of the misconceptions
emerging among students.

As part of this study, educational technology was also integrated to support the identification of
misconceptions and assess students' understanding. Technology was used in the form of learning
applications and digital platforms that allowed the researcher to measure students' understanding in a
more interactive manner. These applications or platforms provide tests or quizzes that can give
immediate feedback to students, as well as enable automatic data analysis to identify areas where
students experience misconceptions. Thus, technology not only serves as a tool for data collection but
also as a means to enhance students' understanding through a more engaging and effective approach.

Result and Discussion
Identification of Misconceptions
The results of the observation show several misconceptions, which can be seen in Figure 1 below.

Identification of Misconceptions on Temperature and Heat

Temperature conbnues to nse wihot consdenng phase changs

HEAL A0WAYS Caumiis & Fise i Daeveer wlure

Cooking with sluminum and glass pans | the sqme

Misconceptions [dentified

Water tamperaturne will Cootinus to INCrease when hoated

(; i 2 3 jl ; & 7 N
freguency of Misconception Cccurrence {out of 23 students)

Figure 1. Frequency of Misconceptions in Temperature and Heat Concepts Among 23 Students

The graph in Figure 1 above shows several common misconceptions held by students regarding
the topics of temperature and heat. The most frequent misconception found is the understanding that
the temperature of water will continuously increase during heating, as understood by 8 students. This
reflects students' difficulty in understanding phase changes, such as when water boils, where the
temperature remains constant despite the continuous addition of heat. As a result, students often fail
to distinguish between temperature increase and phase changes (Bhamare et al., 2021; Lanzante, 2021;
Savasci-Acikalin, 2021). Additionally, five students assumed that cooking with aluminum and glass
pots is the same, indicating a lack of understanding of thermal conductivity. A more detailed
explanation of how the physical properties of materials affect the heating process is necessary for
students to understand the influence of material properties in heating (Boswell et al., 2021).

Another misconception identified is that the heat added always causes a temperature increase,
found in six students, as well as the belief that temperature always increases without considering phase
changes, found in four students. These misconceptions reflect confusion between the concepts of heat
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and temperature, particularly in phase changes, where heat is not always used to increase temperature
but also to change the phase of a substance. This highlights the need for more interactive and visual
teaching approaches, such as the use of physics simulations, to help students better understand the
difference between temperature change and phase change. The use of educational technology can
facilitate a deeper understanding of abstract physics concepts.

The results of the interviews with students revealed several significant misconceptions regarding
the topics of temperature and heat. One of the most common misconceptions found was the incorrect
understanding of the relationship between temperature and heat addition. Many students assumed
that the temperature of water would continuously increase as heat was added, without considering
phase changes in the heated substance. In this case, students believed that if water was heated longer
or more intensely, the temperature would keep rising. However, at the boiling point, even though heat
is continuously added, the water temperature remains constant until all the water turns into steam.
This phenomenon, known as phase change, is often overlooked by students who lack a deep
understanding of the concept of heat and phase transitions (Susman, 2024; Zhang et al., 2022).

Another misconception found relates to thermal conductivity and the way heat works in the
heating process. Many students assume that cooking with an aluminum pot is similar to cooking with
a glass pot. They fail to realize that these two materials have different thermal conductivities.
Aluminum, which has a higher thermal conductivity, transfers heat more quickly than glass, leading
to a faster heating process in the aluminum pot. This misconception causes students difficulty in
understanding the basic physics concept of how heat transfers from a heat source to an object and how
thermal conductivity affects the rate of heating of a material. This misconception arises because
students often view cooking as a simple process, without considering the physical properties of the
materials used in the process (Alagappan, 2023; Knorr & Augustin, 2021; Spreafico & Landi, 2022).

In the interviews, it was found that some students also had an incorrect understanding of the
amount of heat required to heat a substance. They often assumed that the heat added is always directly
proportional to the temperature increase, without realizing that heat is also used for phase changes,
such as from liquid to gas. Students with this misconception tend to struggle in explaining the
difference between the heat required to raise temperature and the heat needed for phase changes, as
seen in the heating process of water to boiling point (Stefanou et al., 2024). This indicates a
misunderstanding of the role of heat in the energy changes of the heated substance.

These misconceptions reflect a significant gap between the knowledge students possess and the
scientifically accurate understanding. The main cause of these misconceptions is likely related to the
lack of teaching that deeply addresses foundational concepts and the limitations of the teaching
methods used by instructors. Many physics teachers focus more on delivering theory verbally or
through assignments that are more memorization-based, without providing students the opportunity
to explore and interact directly with these concepts through discussions or hands-on experiments.
Therefore, there is a need for a more applied and interactive approach in teaching to help students
build a deeper understanding and reduce the occurrence of misconceptions.

Impact of Technology in Addressing Misconceptions

The application of technology in physics education can have a significant impact in addressing
misconceptions among students, particularly in the topics of temperature and heat. Educational
technology, such as computer-based physics simulations, can present abstract physical phenomena in
a visual and interactive form, making it easier for students to understand challenging concepts. For
example, an interactive simulation showing temperature changes as a substance is heated and the
phase change from liquid to gas can help students more clearly understand how these physical
processes occur (Al Mamun & Lawrie, 2024; Lach & Svyetlichnyy, 2024; Tsvetkova et al., 2023). With
detailed visualizations, students can observe how temperature remains constant when water boils,
even as heat is continuously added, helping them overcome the misconception that temperature always
increases with added heat.

The use of technology also enables students to understand the phenomenon of thermal
conductivity through simulations that demonstrate how heat transfers through different materials with
varying conductivity levels. For example, through digital-based simulations, students can see how
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aluminum, with a higher thermal conductivity, heats up faster compared to glass. Such simulations
give students the opportunity to observe and directly explore how materials with different physical
properties affect the rate of heating, allowing them to better understand these differences (Banda &
Nzabahimana, 2021; Kade et al., 2024; Sadidah & Irvani, 2021). Technology also enables students to
conduct virtual experiments that might be difficult to perform in a physical classroom, such as altering
variables like material type or the amount of heat applied to directly observe the results.

Augmented reality (AR)-based applications also offer an innovative approach in addressing
misconceptions. With AR technology, students can directly interact with 3D models of physics
concepts, such as temperature, heat, and phase changes. For example, by using an AR application,
students can observe water molecules moving as they are heated and even witness the phase change
from liquid to gas in a more dynamic way. This approach provides a more interactive learning
experience and allows students to develop a stronger understanding of previously abstract physics
concepts (Banda & Nzabahimana, 2021; Georgiou et al., 2021). This aligns with the principles of
constructivist learning, where students learn more effectively through hands-on experiences and active
exploration.

With the integration of technology in education, students are not only introduced to physics
concepts in a more engaging and understandable way but also given the opportunity to correct the
misconceptions they have. Educational technology provides space for students to learn through visual
and hands-on experiences that facilitate their understanding, which is not always achieved through
traditional methods. Therefore, the application of technology in physics education can enhance the
overall quality of learning, correct students' misconceptions, and equip them with deeper skills in
understanding physical phenomena.

Comparison of Traditional vs. Digital Approaches

A comparison between traditional learning methods and technology-based approaches shows
significant differences in how students interact with physics learning materials, particularly in
addressing misconceptions. Traditional methods, which typically rely on lectures and verbal
explanations from teachers, often do not provide sufficient opportunities for students to actively
engage with the material. Lecture-based learning tends to be one-way, where students listen to
explanations without many opportunities for exploration or deep understanding (Ssemugenyi, 2023).
This results in many students merely memorizing physics concepts without truly understanding the
underlying principles, which in turn can lead to misconceptions.

Technology-based approaches, such as the use of interactive applications and computer-based
simulations, allow students to directly interact with physics concepts. For example, by using
simulations that demonstrate changes in temperature and heat in a heated substance, students can see
and directly experience how these phenomena occur, rather than just hearing theoretical explanations
from the teacher. This interactivity allows students to test various scenarios, such as changing the
amount of heat applied or switching the material being heated, and directly observe the effects on
temperature or phase changes (Illene et al., 2023; Xing et al., 2023). This approach provides a more
concrete learning experience and enables students to better understand the relationship between theory
and real-world applications, which is difficult to achieve with traditional teaching methods.

Educational technology allows students to receive faster and more specific feedback. In
computer-based simulations or interactive applications, students can immediately see the results of the
virtual experiments they conduct and quickly determine whether their understanding is correct or
incorrect. This rapid feedback is highly beneficial in correcting misconceptions, as students can
promptly identify their mistakes and learn from the experience. This contrasts with traditional
methods, where feedback is often delayed or limited to results from periodically administered exams
(Guntani et al., 2025; McCue et al., 2025; Yang et al., 2021). The use of technology also provides students
with the opportunity to learn independently and explore concepts further outside the classroom, which
is not always possible with lecture-based approaches.

One of the main advantages of the digital approach is its ability to visualize abstract physical
phenomena in a way that is easy to understand. Many physics concepts, such as temperature changes
during heating or differences in thermal conductivity, can be very difficult to comprehend if explained
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only with words or static images. Digital simulations or animations can depict these concepts
dynamically and interactively, allowing students to see and understand the processes occurring at a
microscopic level. In this way, educational technology can help reduce misconceptions caused by
students' limited visual understanding of physics material.

Although traditional methods still play an important role in teaching, particularly in providing
foundational theoretical knowledge, technology-based approaches offer greater benefits in terms of
interactivity, visualization, and understanding of physics concepts. By providing students the
opportunity to interact directly with learning materials and receive quick feedback, technology can
help reduce misconceptions and enhance a deeper understanding of complex physics concepts.
Therefore, the integration of technology in physics education not only increases student engagement
but also supports them in building a stronger and more accurate understanding.

Challenges and Limitations

Although educational technology offers great potential to enhance the quality of physics
education and address misconceptions, its implementation is not without challenges. One of the main
obstacles in applying technology is the lack of technical readiness in many schools. Many schools,
especially those in resource-limited areas, lack adequate technological infrastructure. Limitations in
devices such as computers, tablets, or interactive projectors can hinder the effective use of technology
in teaching (Demirbilek, 2024; Nikolopoulou, 2021). Without adequate equipment, teachers and
students cannot fully utilize the potential of computer-based physics simulations or interactive
applications that can help in understanding physics concepts in a more visual and practical way.

The lack of training for teachers in utilizing technology is also a significant barrier. Although
technology can offer many benefits in education, teachers need to have the necessary skills and
understanding to effectively integrate it into their teaching. Without proper training, teachers may
struggle to adopt new technology or use it in ways that support learning objectives. Previous research
shows that teachers' readiness to use technology largely depends on the training they receive and their
belief in the benefits of technology in improving student learning outcomes (Akram et al., 2022; Park &
Son, 2022). Therefore, intensive and ongoing teacher training is essential to ensure that technology can
be applied effectively in the classroom.

Limited internet access is also a major challenge in the implementation of educational
technology. In many schools, especially those in rural areas or with limited budgets, stable and fast
internet access remains an issue. Cloud-based technology, online simulations, or educational
applications that require a stable internet connection are often inaccessible to students in areas with
poor internet infrastructure (Matthew et al., 2021; Wu & Plakhtii, 2021). This reduces students' ability
to fully utilize technology-based educational resources, ultimately limiting the potential of technology
to address misconceptions and enhance their understanding of physics material.

Although technology can offer an effective way to enhance learning, it is important to remember
that technology is not a one-size-fits-all solution to educational challenges. The integration of
technology should be done carefully and combined with appropriate teaching methods. The
unplanned or poorly coordinated use of technology can lead to dependency on tools without
considering a more holistic learning process. Therefore, while technology can be a powerful tool in
addressing misconceptions, effective teaching strategies and adequate support for both teachers and
students are still necessary for technology to be used optimally.

Conclusion

The study highlights that misconceptions in physics, particularly in concepts such as
temperature and heat, are prevalent among high school students. These misconceptions arise from
students' prior knowledge, often rooted in everyday experiences that do not align with scientific
principles. The most common misconception identified in this study was that students believe water
temperature will continuously increase as heat is applied, without considering the effects of phase
changes. Addressing these misconceptions is crucial, as they hinder students' ability to grasp more
complex concepts in thermodynamics and energy transfer. Therefore, early identification and
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intervention are necessary to foster accurate understanding and build a solid foundation in physics
education.

The integration of technology into physics education proves to be an effective strategy for
addressing these misconceptions. Through the use of interactive digital tools, such as physics
simulations and augmented reality (AR), students can visualize and engage with abstract concepts in
a more tangible way. For instance, simulations allow students to witness how temperature behaves
during phase changes, and AR applications provide immersive experiences that help clarify complex
physical processes. These technologies not only enhance students” understanding but also provide
immediate feedback, which is essential in correcting misconceptions as they arise. The use of
technology aligns with the constructivist learning theory, supporting active learning and engagement
with the material, ultimately improving students' comprehension of physics concepts.

Despite the promising impact of technology, the study also recognizes several challenges. Issues
such as inadequate technological infrastructure, limited access to the internet, and the lack of teacher
training in utilizing digital tools effectively can hinder the successful implementation of technology in
classrooms. Therefore, it is essential for educational institutions to invest in both technological
resources and professional development for teachers to ensure that the full potential of digital tools is
realized. In conclusion, while technology offers significant benefits in overcoming misconceptions in
physics, a balanced approach that combines technological innovation with traditional teaching
methods is necessary for optimal student learning outcomes.

Conflicts of Interest

The authors declare no conflicts of interest related to this study. No external funding was involved in the design,
data collection, analysis, interpretation, writing of the manuscript, or the decision to publish. All research was
conducted with full transparency and in adherence to ethical standards.

References

Afriwardani, P., Jumadi, J., & Pribadi, F. O. (2023). Development of interactive physics e-book to reduce
student misconception. Jurnal Penelitian Pendidikan IPA, 9(4), 2018-2024.

Akram, H., Abdelrady, A. H., Al-Adwan, A. S., & Ramzan, M. (2022). Teachers’ perceptions of
technology integration in teaching-learning practices: A systematic review. Frontiers in psychology,
13, 920317.

Al Mamun, M. A,, & Lawrie, G. (2024). Cognitive presence in learner-content interaction process: The
role of scaffolding in online self-regulated learning environments. Journal of Computers in
Education, 11(3), 791-821.

Alagappan, S. (2023). Exploring the physics principles in cooking. International Journal of Engineering
and Applied Physics, 3(1), 673-677.

Alfiansyah, A. F., Septianti, R. P., Qolbi, W. N., & Irvani, A. I. (2022). Berkembangnya Pemanfaatan E-
Learning pada Proses Pembelajaran Fisika di MAN 1 Garut Selama Masa Pandemi. JURNAL
Pendidikan dan Ilmu Fisika, 2(2), 117-124. https:/ /doi.org/10.52434 /JPIF.V2I2.1880

Amarulloh, R. R,, & Irvani, A. 1. (2025). Metode Penelitian Kuantitatif dalam Pendidikan: Sebuah Panduan
Praktis. PT. Sigufi Artha Nusantara.

Argyropoulos, V., & Yfantis, C. (2021). Tracing conceptual understandings and misunderstandings of
science by students with and without vision impairment through a pilot study: the case of density
and heat. International Journal of Special Education, 36(1), 77-88.

Assafuah-Drokow, A. (2023). Effects of predict-observe-explain instructional approach on science student-
teachers” performance and attitudes towards selected organic chemistry topics. University of Education
Winneba.

Assem, H. D., Nartey, L., Appiah, E., & Aidoo, J. K. (2023). A review of students’ academic performance
in physics: Attitude, instructional methods, misconceptions and teachers qualification. European
Journal of Education and Pedagogy, 4(1), 84-92.

Banda, H. J., & Nzabahimana, J. (2021). Effect of integrating physics education technology simulations
on students” conceptual understanding in physics: A review of literature. Physical review physics
education research, 17(2), 23108.

35



Journal of Educational Innovation and Technology (JEIT) March 2025, Volume 1 Issue 1, 28-38

Baydere, F. K. (2021). Effects of a context-based approach with prediction-observation-explanation on
conceptual understanding of the states of matter, heat and temperature. Chemistry Education
Research and Practice, 22(3), 640-652.

Bhamare, D. K,, Saikia, P., Rathod, M. K., Rakshit, D., & Banerjee, J. (2021). A machine learning and
deep learning based approach to predict the thermal performance of phase change material
integrated building envelope. Building and Environment, 199, 107927.

Boswell, J., Jones, ]J., Barnard, N., Clark, D., Whittaker, M., & Lancaster, R. (2021). The effects of energy
density and heat treatment on the microstructure and mechanical properties of laser additive
manufactured Haynes 282. Materials & Design, 205, 109725.

Cirakoglu, N., Toksoy, S. E., & Reisoglu, 1. (2022). Designing, developing, and evaluating an interactive
e-book based on the predict-observe-explain (POE) method. Journal of Formative Design in
Learning, 6(2), 95-112.

Demirbilek, M. (2024). Barriers to Technology Integration. Social Studies Teaching IlI: Integrating
Technology into the Social Studies, 51.

Duruk, U., Akgiin, A., & Giingérmez, H. G. (2021). Exploring the Impact of Common Knowledge
Construction Model on Students’ Understandings of Heat Transfer. International Journal of
Curriculum and Instruction, 13(1), 114-135.

Georgiou, Y., Tsivitanidou, O., & loannou, A. (2021). Learning experience design with immersive
virtual reality in physics education. Educational Technology Research and Development, 69(6), 3051-
3080.

Guerra-Reyes, F., Guerra-Davila, E., Naranjo-Toro, M., Basantes-Andrade, A., & Guevara-Betancourt,
S. (2024). Misconceptions in the learning of natural sciences: A systematic review. Education
Sciences, 14(5), 497.

Guntani, J. M., Irvani, A. L., & Mulvia, R. (2025). Enhancing Physics Learning with Virtual Labs: Insights
from the Last Ten Years. International Conference on Educational Innovations and Practices (ICIEP)
2024, 8-13.
https:/ /www .researchgate.net/publication/393750422_Enhancing_Physics_Learning_with_Vir
tual_Labs_Insights_from_the_Last_Ten_Years

Henukh, A,, Riandi, R., Setiawan, A., Rochintaniawati, D., Irvani, A. L., & Suba, J. M. (2024). Dynamic
Evaluation of the Merdeka Curriculum: Unveiling the Effectiveness of Science Lesson Planning,
Implementation and the Response of Junior High School Students. Jurnal Pendidikan Sains
Indonesia, 12(3), 683-692. https:/ /doi.org/10.24815/jpsi.v12i3.38540

Illene, S., Feranie, S., & Siahaan, P. (2023). Create multiple-choice tests based on experimental activities
to assess students’ 21st century skills in the heat and heat transfer topic. Journal of Education and
Learning (EduLearn), 17(1), 44-57.

Inaltekin, T., & Akcay, H. (2021). Examination the Knowledge of Student Understanding of Pre-Service
Science Teachers on Heat and Temperature. International Journal of Research in Education and
Science, 7(2), 445-478.

Irvani, A. I, Rustaman, N., Kaniawati, I., & Sinaga, P. (2024). Analisis Kesulitan Belajar Mahasiswa
pada Mata Kuliah Fisika Kuantum. DIFFRACTION: Journal for Physics Education and Applied
Physics, 6(1), 30-38. https:/ /doi.org/10.37058 / diffraction.v6i1.10107

Irvani, A. I, Suhandi, A., & Hasanah, L. (2017). Pengaruh Integrasi Proses Reasearching Reasoning
Reflecting (3R) pada Model Problem Basel Learning (PBL) terhadap Domain Pengetahuan Literasi
Saintifik Siswa SMA Kelas X. Jurnal Ilmu Fisika dan Pembelajarannya (JIFP), 1(1), 33-38.
https:/ /doi.org/10.19109/JIFP.V1I1.1201

Kade, A., Supriyatman, S., Kamaruddin, A., Novia, N., Supriyadi, S., & Husain, S. (2024). Exploring
technology-driven simulations in practical physics: Insights into mechanical measurements
concept. ASEAN Journal of Science and Engineering, 4(3), 429-444.

Klassen, A. C., Creswell, J., Plano Clark, V. L., Smith, K. C., & Meissner, H. I. (2012). Best practices in
mixed methods for quality of life research. Quality of life Research, 21, 377-380.

Knorr, D., & Augustin, M. A. (2021). Food processing needs, advantages and misconceptions. Trends in
Food Science & Technology, 108, 103-110.

Lach, L., & Svyetlichnyy, D. (2024). Recent Progress in Heat and Mass Transfer Modeling for Chemical

36



Journal of Educational Innovation and Technology (JEIT) March 2025, Volume 1 Issue 1, 28-38

Vapor Deposition Processes. Energies, 17(13), 3267.

Lanzante, J. R. (2021). Testing for differences between two distributions in the presence of serial
correlation using the Kolmogorov-Smirnov and Kuiper’s tests. International Journal of Climatology,
41(14), 6314-6323.

Machova, M., & Ehler, E. (2023). Secondary school students” misconceptions in genetics: origins and
solutions. Journal of Biological Education, 57(3), 633-646.

Maolani, A. G., Warliani, R., & Irvani, A. I. (2025). Application Of Guided Inquiry Model To Improve
The Ability And Critical Thinking Disposition Of Senior High School Students In Physics
Learning. Phi: Jurnal Pendidikan Fisika dan Terapan, 11(2), 192-201.

Matthew, U. O., Kazaure, J. S., & Okafor, N. U. (2021). Contemporary development in E-Learning
education, cloud computing technology & internet of things. EAI Endorsed Trans. Cloud Syst., 7(20),
e3.

Matuszek, K., Kar, M., Pringle, ]. M., & MacFarlane, D. R. (2022). Phase change materials for renewable
energy storage at intermediate temperatures. Chemical reviews, 123(1), 491-514.

McCue, A., Persky, A. M., Donnell, C., & Fuller, K. A. (2025). Consequences of Historical Exam Access
vs Timely Exam Feedback on Knowledge Retention (CHEATER). American Journal of
Pharmaceutical Education, §9(3), 101361.

Mishra, N. R. (2023). Constructivist approach to learning: An analysis of pedagogical models of social
constructivist learning theory. Journal of research and development, 6(01), 22-29.

Nikolopoulou, K. (2021). Mobile devices in early childhood education: Teachers’ views on benefits and
barriers. Education and information technologies, 26(3), 3279-3292.

Nurdini, N., Igbal, N. H. M., Fratiwi, N. J., Irvani, A. I., & Amarulloh, R. R. (2025). Enhancing High
School Students” Problem-Solving Skills in Rotational Dynamics through SPARK Model. Kappa
Journal, 9(1), 164-171.

Park, M., & Son, J.-B. (2022). Pre-service EFL teachers’ readiness in computer-assisted language learning
and teaching. Asia Pacific Journal of Education, 42(2), 320-334.

Qolbi, W.N., Irvani, A. I, & Warliani, R. (2024). THE EFFECTIVENESS OF THE CREATIVE PROBLEM
SOLVING (CPS) MODEL ASSISTED BY YOUME (YOUTUBE MEDIA) IN IMPROVING THE
CREATIVE THINKING SKILLS OF HIGH SCHOOL STUDENTS. PILLAR OF PHYSICS
EDUCATION, 17(4), 269-275. https:/ /doi.org/10.24036/16252171074

Sadidah, A., & Irvani, A. I. (2021). Analisis Penggunaan Simulasi Interaktif dalam Pembelajaran pada
Topik Hukum Coulomb. JURNAL Pendidikan dan Ilmu  Fisika, 1(2), 69-74.
https:/ /doi.org/10.52434/JPIF.V1I12.1508

Sari, Y., Qadar, R., & Hakim, A. (2023). Analysis of High School Students” Conceptual Understanding
of Physics on Temperature and Heat Concepts. International Journal of STEM Education for
Sustainability, 3(1), 212-224.

Savasci-Acikalin, F. (2021). How middle school students represent phase change and interpret textbook
representations: A comparison of student and textbook representations. Research in Science
Education, 51(6), 1651-1685.

Septianti, R. P., Pelani, R. R., Pakosmawati, R., & Irvani, A. 1. (2023). ANALISIS ATTENTION
RELEVANCE CONFIDENCE SATISFACTION (ARCS) FISIKA SISWA SMA. INPAFI (Inovasi
Pembelajaran Fisika), 11(01). https:/ /doi.org/10.24114/INPAFI1.V11101.44246

Shrestha, P. S., Perlman, T. T., & Shaver, S. R. (2023). Addressing learning difficulties in junior high
school physics education: Insights for curriculum development and teaching strategies. Jurnal
llmu Pendidikan Dan Humaniora, 12(2), 108-120.

Sisman, B., Steinriicke, ]J., & de Jong, T. (2024). Does giving students feedback on their concept maps
through an on-screen avatar or a humanoid robot make a difference? International Journal of Social
Robotics, 16(8), 1783-1796.

Smart, F., Bos, N. D., & Bos, J. T. (2024). Can Large Language Models Recognize and Respond to Student
Misconceptions? International Conference on Human-Computer Interaction, 288-299.

Soeharto, S.,, & Csapo, B. (2021). Evaluating item difficulty patterns for assessing student
misconceptions in science across physics, chemistry, and biology concepts. Heliyon, 7(11).

Spreafico, C., & Landi, D. (2022). Investigating students” eco-misperceptions in applying eco-design

37



Journal of Educational Innovation and Technology (JEIT) March 2025, Volume 1 Issue 1, 28-38

methods. Journal of Cleaner Production, 342, 130866.

Ssemugenyi, F. (2023). Teaching and learning methods compared: A pedagogical evaluation of
problem-based learning (PBL) and lecture methods in developing learners’ cognitive abilities.
Cogent Education, 10(1), 2187943.

Stefanou, M., Stylos, G., Georgopoulos, K., & Kotsis, K. T. (2024). Primary Preservice Teachers’
Misconceptions and Reasoning of Thermal Concepts in Everyday Contexts. International Journal
of Learning in Higher Education, 31(1).

Susanti, M. M. L. (2021). The Analysis of mastering of concepts and misconceptions in elementary
teacher education students. JPI (Jurnal Pendidikan Indonesia), 10(1), 163-171.

Susman, K. (2024). UNDERSTANDING AND APPLICATION OF HEAT AND TEMPERATURE
CONCEPTS IN EVERYDAY PHENOMENA BY PROSPECTIVE PHYSICS TEACHERS.
ICERI2024 Proceedings, 2363-2367.

Tsvetkova, O., Piatykop, O., Dzherenova, A., Pronina, O., Vakaliuk, T. A., & Fedosova, 1. (2023).
Development and implementation of virtual physics laboratory simulations for enhanced
learning experience in higher education. CTE, 98-110.

Vidak, A., Sapi¢, I. M., Mesi¢, V., & Gomzi, V. (2024). Augmented reality technology in teaching about
physics: a systematic review of opportunities and challenges. European journal of physics, 45(2),
23002.

Wang, J. C.,, & Wang, T. H. (2023). Learning effectiveness of energy education in junior high schools:
Implementation of action research and the predict-observe-explain model to STEM course.
Heliyon, 9(3).

Wu, W., & Plakhtii, A. (2021). E-learning based on cloud computing. International Journal of Emerging
Technologies in Learning (IJET), 16(10), 4-17.

Xing, W., Huang, X,, Li, C., & Xie, C. (2023). Teaching thermodynamics with augmented interaction
and learning analytics. Computers & Education, 196, 104726.

Yang, C., Luo, L., Vadillo, M. A., Yu, R,, & Shanks, D. R. (2021). Testing (quizzing) boosts classroom
learning: A systematic and meta-analytic review. Psychological bulletin, 147(4), 399.

Yeo, ]J., Lim, E,, Tan, K. C. D., & Ong, Y. S. (2021). The efficacy of an image-to-writing approach to
learning abstract scientific concepts: Temperature and heat. International Journal of Science and
Mathematics Education, 19(1), 21-44.

Zajda, ]., & Zajda, ]. (2021). Constructivist learning theory and creating effective learning environments.
Globalisation and education reforms: Creating effective learning environments, 35-50.

Zhang, X., Zhang, ]., Wang, H., Rogal, J., Li, H.-Y., Wei, S.-H., & Hickel, T. (2022). Defect-characterized
phase transition kinetics. Applied physics reviews, 9(4).

38



