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ABSTRACT: Mastering thermochemistry can be challenging for students. This study tackles 
teaching thermochemistry, a challenging subject with complex concepts, calculations, and lab work 
that students often struggle with. A structured learning approach integrating Culturally Responsive 
Teaching (CRT) with Augmented Reality (AR) was implemented. Conducted through action research 
over two cycles, the study involved 35 high school students during the 2023/2024 academic year. 
The study found significant improvements, with average scores rising from 76.74 in Cycle I to 83.94 
in Cycle II, and the percentage of students achieving classical completion increasing from 65% to 
77%. 
 

Keywords: Action Research, Augmented Reality Media, Culturally Responsive Teaching, Discovery 
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INTRODUCTION  
Thermochemistry is a fundamental topic in high school chemistry that explores the complex 

relationship between chemical reactions and energy changes. This subject is a branch of chemistry 
that studies temperature changes during chemical reactions [1]. The curriculum on thermochemistry 
includes energy and heat, calorimetry and enthalpy changes, thermochemical equations, standard 
enthalpy changes (∆Ho), average bond energy, and enthalpy changes of reactions [2]. This topic is 
closely related to natural phenomena that can be observed, measured, analyzed, concluded, and 
explained. In thermochemistry, understanding how energy is transferred and transformed during 
chemical reactions is crucial for designing efficient chemical processes, both in industry and 
research. Measuring and analyzing these energy changes allow scientists to optimize reaction 
conditions, develop new processes, and understand the molecular interactions underlying various 
chemical phenomena. 

In fact, the teaching of thermochemistry in schools continues to face significant challenges [3]. 
Research indicates that interviews with high school chemistry teachers revealed that the academic 
performance of the majority of students in three schools in the area is below satisfactory levels [4]. 
This assessment of student learning outcomes is conducted to evaluate the depth of students' 
understanding of thermochemical principles. Most students still struggle to build concepts, resulting 
in scores below the set standards. Another study also revealed that 78% of students still have 
difficulty understanding thermochemistry material [5]. The purpose of this assessment is not only to 
measure students' factual knowledge but also to gauge how well they can apply various 
thermochemistry concepts more broadly and relevantly. Specifically, Aprialisa's [6] research 
mentioned that most students find it difficult to understand how to calculate reaction enthalpy, making 
the subject less appealing. This is partly because thermochemistry encompasses factual, 
conceptual, and procedural dimensions in its learning process [7]. Therefore, students are required 
to apply mathematical equations and concepts in understanding the material, which often leads to 
difficulties. One of these difficulties is caused by incomplete concepts built by students during the 
learning process. Random and conventional teaching methods are a contributing factor to this issue 
[8]. Hence, it is necessary to identify more effective teaching models to improve students' 
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understanding of this subject, enabling them to achieve higher and more satisfactory academic 
performance. 

Discovery learning is a teaching model that encourages students to be more active and think 
critically in developing concepts during classroom learning. This model can be adapted to the diverse 
needs, abilities, and interests of students. In this teaching approach, students focus on building their 
knowledge through exploration and independent discovery, guided by instructions provided by the 
teacher [9]. Essentially, discovery learning guides students through a problem that will eventually be 
solved through a series of systematic steps [10]. Through the process of stimulus, problem 
identification, data collection, data processing, verification, and drawing conclusions, students are 
encouraged to think systematically and critically [11]. This process enhances students' critical and 
systematic thinking, improving their analytical skills. In a classroom action research study conducted 
by Suyati and Sutiani [12], the discovery learning model successfully increased students' learning 
outcomes in thermochemistry by 56.7%. However, the study also found that many students remained 
passive in the initial stages, hindering the effectiveness of the learning process and leading to a 
slower learning pace. To address this, integrating the discovery learning approach with Culturally 
Responsive Teaching (CRT) could be an effective solution. CRT uses students' cultural references 
as part of the learning process, creating a more relevant and engaging context for students. This 
approach not only makes thermochemistry topics easier to understand but also enhances student 
engagement by connecting the subject matter with real-life applications. Therefore, combining 
discovery learning and CRT can improve students' understanding and make learning more effective 
and meaningful. 

Integrating teaching with Culturally Responsive Teaching (CRT) within the framework of discovery 
learning is defined as the use of the diverse cultural characteristics, experiences, and perspectives 
of students as a means to teach more effectively [13]. CRT utilizes cultural references as part of the 
knowledge, abilities, and attitudes. This aspect creates opportunities to reflect local knowledge and 
traditions back to students [14, 15]. Through this approach, students can participate more actively 
because the context built from culture is closer to their daily lives or based on their own experiences. 
This allows students to better "relate" to their knowledge, enabling them to understand the material 
more effectively [3]. The cultural aspect helps students grasp the lessons while also preserving 
culture within classroom learning [16]. With CRT, students' cultural awareness increases, making 
them more attentive to their environment and the culture within it. Therefore, CRT is highly suitable 
for pairing with discovery learning to enhance student understanding of thermochemistry, providing 
a rich and relevant context that facilitates a more effective and meaningful learning process. 

Integrating augmented reality (AR) technology into educational media can significantly enhance 
the understanding of abstract subjects, making them more tangible and engaging, particularly in 
thermochemistry [17]. AR technology can overcome the challenges of visualizing chemical reactions 
and the energy changes occurring during thermochemical processes, thereby simplifying the 
comprehension of these concepts. The development of AR in chemistry education has been 
extensively explored, incorporating various features that have positively impacted learning [18]. By 
integrating AR, educators can provide more concrete and dynamic visual representations, which not 
only facilitate understanding but also improve students' knowledge retention. This technology allows 
students to observe and interact with chemical reaction simulations directly, enriching their learning 
experience and fostering a greater interest in studying chemistry. 

Based on this background, the researchers purpose the study entitled “Discovery Learning Model 
on Thermochemistry: Integrating Culturally Responsive Teaching (CRT) with Augmented Reality in 
an Action Research”. The objectives of this research are: 

1. To analyze students’ learning needs regarding thermochemistry. 
2. To determine the effects of discovery learning integrated with CRT and augmented reality 

media on thermochemistry. 
The research is expected to enhance the quality of student learning, positively impacting learning 

outcomes. It is hoped that students' mastery of thermochemistry will improve with the implemented 
learning approach. 

 

RESEARCH METHODS  
Research Design 

This study is a type of classroom action research conducted in two cycles. The primary goal of 
the research is to understand and enhance the quality of classroom learning [19]. Through this study, 
practitioners systematically identify the issues they face by collecting various data and then 
implement changes as needed [20]. Due to its specificity and need for practical solutions, this type 
of research is frequently conducted by practitioners, such as teachers [21]. Therefore, classroom 
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action research is often used as a reflective process that helps teachers explore and examine 
aspects of teaching and take actions to improve them.  This study involves Practitioner Action 
Research, which focuses on solving student group issues by the teacher. Unlike Participatory Action 
Research, which involves the group being studied in finding solutions, Practitioner Action Research 
centres on problem-solving by the teacher based on the group's needs [22]. 

The learning sessions were conducted over four meetings during the 2023/2024 academic year. 
The study followed a two-cycle pattern, beginning with "Cycle 0" or known as Pre-Cycle that 
conducting a non-cognitive diagnostic test to identify each student's learning style using Google 
Forms as a basis for needs analysis and conducting observations to assess student needs or student 
issues and the learning process. 

The first cycle involved teaching the concepts of thermodynamics and concluded with a 
summative cognitive test to measure students' understanding. The second cycle focused on teaching 
thermodynamics calculations. An overview of the two-cycle classroom action research can be seen 
in Figure 1.  

 
 

FIGURE 1. Learning Cycle on Action Research 
 
Participant and Settings 

In this study, sampling was conducted using convenience sampling based on the availability and 
willingness of participants [20]. The research was carried out at a high school in Indonesia with a 
sample of 35 second-year high school students, consisting of 15 boys and 20 girls, who will be 
studying thermochemistry. The details of the lesson plan can be seen in Table 1. 
 

TABLE 1. Details of the Designed Learning 

Cycle Meeting Materials Culture Technology Learning Activities 

I 1 Principle of 
Energy 
Conservation; 
Systems and 
Their 
Surroundings; 
Exothermic-
Endothermic 
Reactions; and 
Standard 
Enthalpy Changes 

Traditional 
Culinary 
Culture, 
specifically 
"satay" and the 
fermentation 
process of 
"tempeh” 

PhET: 
Interactive 
Simulation 
Web 

Students ask 
questions related to 
the process of 
making satay, which 
involves combustion, 
and the fermentation 
process of tempeh 

2 Calorimeter  - Virtual Lab by 
Pearson 
Education Lab 

Laboratory practical 

II 3 Hess’ laws Traditional 
Jember 
culinary 
specialy; prol 
tape 

- Students are asked 
to study the 
fermentation process 
of cassava into tape, 
which undergoes an 
exothermic reaction 
by releasing heat. 
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Cycle Meeting Materials Culture Technology Learning Activities 

4 Bond Energy Unique Syawal 
celebration 
culture with hot 
air balloons in 
the Ponorogo 
and Wonosobo 
areas 

Augmented 
Reality 
integrated 
with media; 
comic, board 
card, and 
video 
animation  

Conventional hot air 
balloon flights still 
use hydrogen, which, 
when undergoing 
combustion with 
oxygen, experiences 
bond breaking and 
bond formation. 
Students are asked 
to develop their 
questions as 
hypotheses in 
learning about bond 
energy 

 
In the first meeting of Cycle I, the lesson began with planning according to the syntax of the 

discovery learning model. Students were asked to create a summary of the material that addresses 
problem identification. The core activity started with providing a stimulus through the Culturally 
Responsive Teaching (CRT) approach, linking thermochemistry concepts to traditional culinary 
culture, such as "sate" and "tempeh" fermentation. Students were given worksheets on energy and 
its changes and were directed to group according to their learning styles. They collected and 
processed data using virtual laboratory simulation web media, then analyzed it in an open class 
forum.  

In the second meeting, the lesson focused on the subtopic of calorimeter experiment that held in 
laboratory. Students independently identified problems, collected, and processed data through 
practical activities. The verification phase involved presenting their work digitally using virtual lab by 
Pearson Education Lab according to their learning styles, ending with assignments tailored to 
students' interests and skills. At this meeting, students were not given CRT particularly calorimeters’ 
context. However, starting with providing a stimulus through the CRT approach and reviewing 
previous concepts about enthalpy on satay combustion and tempeh fermentation.  
 

 
 

FIGURE 2. Thermochemistry Comic 
      

In Cycle II, the first meeting focused on Hess's Law with a learning approach connecting traditional 
Jember culinary culture, such as prol tape, with enthalpy change material. The learning process 



                                                                                                                               E.T.P. Aji, et.al 

5 International Journal of Chemistry Education Research – Vol. 9, Iss. 1, April 2025 

 

began with providing a stimulus through the Culturally Responsive Teaching (CRT) approach, where 
students developed hypothesis questions regarding Hess's Law. Data on enthalpy changes were 
collected through various methods, including the use of media such as animated videos. The lesson 
concluded with group presentations and conclusions from the educator. At this meeting, there was 
no technology that given to students.  

In the second meeting of Cycle II, the lesson focused on the subtopic of Bond Energy. The CRT 
approach was used to connect the material with the Syawal celebration culture through hot air balloon 
flights in various regions particular on enthalpy of hydrogen combustion. Students were encouraged 
to develop hypothesis questions regarding bond energy of combustion hydrogen in their learning. 
Data collection was facilitated using Augmented Reality (AR) technology, which integrated 
understanding through various media such as board card, comic, and animated video. In this lesson, 
students were assisted with AR-based learning media. The AR media included comics, a board card, 
cards, and an AR scanner application. All these media were developed and originally made by the 
researcher. The comics and cards used as media are shown in Figure 2. 

Comic used as a medium to explain thermochemistry material, particularly on the concept of bond 
energy. To reinforce their understanding, students are asked to match cards to the appropriate places 
on the board. Through the provided AR, students can obtain bond energy data and then calculate it, 
allowing them to place the cards according to the results shown on the board. The design of the 
board used is presented in Figure 3. 
 

 
 

FIGURE 3. Learning Media Board 
 

The provided AR not only serves to offer a visual representation of molecules but also acts as a 
source of bond energy data. AR displays simple animations showing the state of the molecule before 
and after bond dissociation. Before the bond is broken, students can view explanations related to the 
molecule, including the type of bond, the atoms involved, and the bond energy data. After clicking, 
the display changes to show the state after bond dissociation, including the bond energy data. 
Additionally, students can interact with the AR molecule by rotating or zooming in. The display of the 
AR utilized is presented in Figure 4. 

 

     
 

FIGURE 4. Augmented Reality displayed by the media 
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Data Collection and Analysis 
The test data will be analyzed using descriptive quantitative analysis. Quantitative data will include 

cognitive learning scores of students based on post-test results from each cycle. The comparison of 
cognitive learning outcomes between Cycle I and Cycle II will be done using the average class scores 
from the post-tests and the percentage of students exceeding the Minimum Mastery Criterion (KKTP, 
≥75). The cognitive learning outcomes in this study will be averaged and analyzed for classical 
completeness at the end of each cycle. 

According to Setyawan et al. [23], classical learning completeness refers to the level of learning 
achievement in a class that can be integrated with technology. A class can be considered complete 
in terms of learning if 75% of the students exceed the KKTP in that class. The level of student learning 
completeness is categorized as shown in Table 1. 
 

RESULT AND DISCUSSION 
Results of Student Needs Analysis in Thermochemistry Learning 

Before designing the instruction, the teacher conducted a needs analysis for the students. This 
analysis was carried out through observations and diagnostic tests. The results of the observations 
indicated that a diagnostic test on learning styles was performed to determine the compatibility of 
students' learning styles with the developed instructional media. This test was conducted using a 
Google Form link that students were required to complete. The results of the non-cognitive diagnostic 
test on students' learning styles are presented in Figure 5. 
 

 
 

FIGURE 5. Results of the non-cognitive diagnostic test ton the learning styles of 11th-grade 
students 

 
Based on the table above, the number of students according to their learning styles can be 

determined. The results of the learning style test reflect the most dominant learning style, which 
usually has the greatest impact on how a person learns. This understanding is important because 
the developed media is Augmented Reality (AR), which is a learning tool focusing on visualization 
for students [24, 25]. Thus, students with a visual learning style should benefit the most from this AR 
learning media. However, other research indicates that AR still has a medium effect on learning 
outcomes regardless of students' learning styles [26]. This may be related to the primary effect of 
AR, which is motivation [26]. This is also due to the nature of AR as a medium that primarily offers 
exploration and simulation activities [26]. 
Development of Student Learning Outcomes Using AR-CRT Media 

The designed learning is intended to improve student outcomes on the topic of thermochemistry. 
The statistical description of the two cycles of this study showed an increase in performance. In the 
first cycle (Cycle I), out of 35 respondents, the minimum score was 58 and the maximum score was 
94, with an average score of 76.74 (SD = 9.74). In the second cycle (Cycle II), the minimum score 
was 51 and the maximum score was 100, with an average score of 83.94 (SD = 12.60). These data 
indicate an increase in the average score from the first to the second cycle, reflecting improvements 
in the results achieved by respondents during the study. The full student outcomes, including 
classical completeness and averages, are presented in Figure 6. 

From the diagram above, it can be seen that in Cycle I, the average score was 77 out of 35 
students. The percentage of classical completion reached 65%, with 23 students completing the 
material and the remaining 12 students not completing it. In Cycle II, the average student score 
increased to 84, with the classical completion percentage reaching 77%. When comparing the 
completion percentages between Cycle I and Cycle II, there was an average increase of 7%. The 
data were then analyzed using inferential statistics. 
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FIGURE 6. Student Learning Outcomes in Two Cycles 

 
A Shapiro-Wilk normality test was conducted for both data cycles. The test results showed that 

the data in Cycle I were not normally distributed, W (35) = 0.922, p = 0.016. Similarly, the data in 
Cycle II were also not normally distributed, W (35) = 0.905, p = 0.005. Both tests indicate that the 
data in both cycles were not normally distributed. Therefore, the data were analyzed using a non-
parametric difference test, specifically the Wilcoxon test. The results of the Wilcoxon signed-rank test 
showed that student learning outcomes in Cycle I increased significantly after the designed learning 
was implemented, z = -2.94, p = 0.003. These results indicate that AR learning with CRT has a 
significant impact on student learning outcomes in thermochemistry. Thus, the increase in learning 
outcomes is influenced by the presence of AR and CRT in the designed learning. 

During the learning period, students exhibited a positive attitude towards the designed learning, 
particularly towards the AR media presented. Students displayed high enthusiasm and curiosity in 
exploring the media, which positively impacted their participation in learning. This engagement made 
them active learners, fostering a better understanding compared to reflective or passive learners 
[28]. AR promotes learning motivation, making students more active in their learning [29]. The 
increase in learning motivation corresponds with an improvement in students' academic performance 
[30]. In addition, the media developed includes various activities beyond AR that require students to 
be more active. For example, students need to place the appropriate cards on the board before using 
AR. In doing so, they must apply their knowledge. The AR then displays the structure of the related 
compound. This process accommodates the learning style needs of each student, encouraging 
improvement across all groups. Essentially, AR serves as a learning medium that enhances student 
understanding through the provided visualizations [24]. Despite being a visual medium, AR had a 
significant and evenly distributed impact on all student groups, even though many students have 
different learning styles. Furthermore, AR use in learning can improve students' conceptual 
understanding and academic retention [31]. Although there are not many studies that develop AR for 
thermochemistry material, the few that do, including this study, have shown positive results [32]. 

Meanwhile, CRT is an approach that connects students' prior knowledge with chemistry learning, 
making it easier for them to absorb new information and deepen their understanding of chemistry. 
Culturally Responsive Teaching (CRT) essentially accommodates the diverse prior knowledge of 
students, incorporating it into the learning process and enabling them to learn more effectively [33]. 
This approach promotes knowledge construction and designs instruction that builds on students' 
experiences (prior knowledge) while further developing it [34]. Like AR, the CRT approach enhances 
student motivation and engagement [35]. CRT significantly benefits students from various ethnic 
backgrounds by increasing engagement, improving achievement, and creating an inclusive learning 
environment. Effective CRT requires well-prepared teachers who possess socio-cultural awareness 
and can integrate students' cultural backgrounds into their teaching [36]. When combined with the 
discovery learning model, CRT is well-suited for fostering student knowledge and encouraging active 
participation. 

In this study, the first learning session began with culinary culture, specifically satay, which is 
made through a grilling process, and tempeh, which is produced through fermentation. The grilling 
process involved in making satay serves as an example of an exothermic reaction. In this process, 
charcoal burning generates heat that cooks the satay meat. This is an example of an exothermic 
reaction resulting from the combustion of charcoal [37]. During this process, charcoal, primarily 
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composed of carbon, hydrogen, and oxygen, produces carbon dioxide (CO2) and water (H2O) as the 
main byproducts [38]. Similar to satay, in tempeh fermentation, an exothermic reaction also occurs 
which causes tempeh to feel warm during the fermentation process. Satay is a well-known dish in 
Indonesia, making it easy for students to observe and helps enhance contextual understanding. The 
heat generated during the grilling process helps students grasp thermochemical phenomena. 
 

  
 

FIGURE 7. Image of the Process of Media Use by Students 
 

To support microscopic and macroscopic conceptual understanding, educators provide virtual lab 
simulation media by PhET regarding energy changes and exotherm-endotherm reactions. reflection 
results at the first meeting showed student progress in understanding both contextual components 
on CRT and conceptual on virtual lab but students could not find a correlation between the context 
in CRT into virtual lab media. The second meeting implemented the calorimeter virtual lab media by 
Pearson Education without providing the CRT context. Utilization of virtual laboratories can improve 
readiness for learning activities in the laboratory and strengthen conceptual knowledge [39]. 
Educators find that students have been able to understand conceptual knowledge on calorimeters 
but not with a cultural context because there is no culture that can be very relevant to learning 
calorimeters. 

In the third meeting, students learned through prol tape culinary which is a typical culinary from 
one of the regions in Indonesia, Jember. In this meeting, students learned about fermentation which 
is one example of an exothermic reaction. Fermentation was chosen as the learning context in the 
second and third meetings. In the fermentation process, changes occur that release a lot of energy. 
Tempe and tape are fermented foods that have been attached to the Indonesian people [40]. The 
fermentation process is exothermic which can be characterized by an increase in temperature during 
the fermentation process. This increase in temperature can be found in tempe and tape. These two 
foods that are close to students make it easier for them to observe the thermochemical phenomena 
around them. 

In the last meeting, the hot air balloons in the Syawal commemoration were used as a cultural 
context. Hot air balloons use hydrogen gas fuel which in the combustion reaction forms water 
molecules from its reaction with oxygen. This reaction releases a certain amount of heat that makes 
the hot air balloon fly. This example is used to study exothermic reactions and students are given 
data on the bond energy of each molecule involved, so they can calculate it and study it chemically. 
In addition to having a cultural connection with students, hydrogen balloons also have a close history 
with chemistry in their development. Such as the tragedy of the hydrogen balloon accident which 
made people aware of the importance of safety in its use [41]. The use of hydrogen gas balloons as 
a learning context can also be used in practicums, such as the research of Caruso et al. [42]. Thus, 
incorporating the hot air balloon tradition from the Syawal commemoration into chemistry lessons is 
highly appropriate. 

These three cultural products serve as a bridge for introducing thermochemical concepts to 
students. Throughout the learning process, students are encouraged to think critically and observe, 
making it easier for them to grasp the phenomena being discussed. The teacher then explains the 
relevant chemical aspects and ties them to thermochemical material, facilitating student 
comprehension. During the lessons, students actively listen and engage with the teacher's 
instructions. CRT, which emphasizes the integration of prior knowledge, culture, and curriculum 
content, makes chemistry more accessible and easier to understand [43]. CRT unites students with 
diverse prior knowledge by building on shared cultural references, which helps develop a collective 
understanding within the class [44]. This approach is particularly well-suited for action research, as 
CRT can enhance student retention and inclusivity, contributing positively to a quality classroom 
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environment [45]. Additionally, CRT reinforces students' connections to their own cultures, fostering 
a sense of cultural ownership [16], indirectly positioning students as cultural preservers [46]. 

Based on all the results of collaborative learning reflection by educators, it is found that students 
need learning that can encourage contextual knowledge through CRT and conceptual knowledge at 
macroscopic and microscopic levels through integrated technology media. The existence of media 
must be accompanied by a close correlation with the context in the CRT. At this meeting, the AR was 
made in accordance with the CRT context regarding the enthalpy of hydrogen gas combustion 
reaction in a hot air balloon. AR is integrated with other media such as comics and animations which 
are also in accordance with the context of CRT, which can help students to understand the correlation 
between each other. AR technology has shown positive effects on students' learning outcomes 
across multiple studies. For instance, AR-assisted education led to significantly higher learning 
achievements compared to non-AR-assisted models [47]. In language learning, AR tools enhanced 
learning by presenting an immersive learning context, increasing motivation, providing interaction, 
and reducing anxiety [48]. These benefits could potentially align with CRT principles by creating more 
engaging and inclusive learning environments. 

Interestingly, while AR technology generally improved learning outcomes, its impact on motivation 
was not always consistent. One study found no significant difference in motivation levels between 
AR-assisted and non-AR-assisted educational models [47]. However, other studies reported 
increased motivation and positive attitudes towards AR-assisted learning [49, 50]. This discrepancy 
suggests that the effectiveness of AR in enhancing motivation may depend on various factors, 
including the specific implementation and context of use. 

However, this study faced limitations, particularly in the need for extra support during data 
collection. Students, previously accustomed to conventional learning methods, initially struggled with 
the shift to student-centered learning. Furthermore, the limited time for action research required 
teachers to provide additional reinforcement, potentially causing delays in the implementation of the 
teaching module. The AR technology also required smart devices with specific software, and some 
devices with low-specification cameras were incompatible. This challenge is common in the use of 
AR, as noted in previous studies [51, 52]. Researchers overcome this by encouraging the use of 
gadgets collaboratively with classmates. 
 

CONCLUSION  
The thermochemistry material is often challenging for students due to its complexity in concepts, 

calculations, and laboratory work, necessitating a structured and accessible learning approach. 
Culturally Responsive Teaching (CRT), which incorporates students' prior knowledge and cultural 
backgrounds, is an effective strategy to enhance chemistry learning by unifying diverse perspectives 
and building shared understanding. When integrated with augmented reality (AR), CRT creates a 
visually engaging and interactive environment that improves student involvement and 
comprehension. Action research in this study showed significant improvement in student 
performance, with average scores rising from 76.74 (Cycle I) to 83.94 (Cycle II), alongside increased 
completion rates from 65% to 77%. The Wilcoxon signed-rank test confirmed a significant impact of 
AR-enhanced CRT on learning outcomes (z = -2.94, p = 0.003). This synergy between CRT and AR 
highlights the potential of immersive, culturally relevant teaching practices in fostering inclusivity and 
improving student engagement and outcomes, although further research is needed to fully explore 
their combined effects. 

 
REFERENCES  
[1] Effendy, Chemistry For High School and MA Students Class XI Volume 2A, 1st ed. Malang: 

Academic Publishing, 2017. 
[2] Ramli, Munasprianto, M. Saridewi, and T. M. Budhi, Kimia Sma/Ma Kelas Xi. 2022. 
[3] F. Rahmatania, A. Andromeda, and F. R. Rahim, “Efektivitas Penggunaan Modul Termokimia 

Berbasis Inkuiri Terbimbing Terintegrasi Eksperimen Terhadap Hasil Belajar Peserta Didik,” 
Edu Cendikia J. Ilm. Kependidikan, vol. 1, no. 1, pp. 23–30, 2021, doi: 
10.47709/educendikia.v1i1.1009. 

[4] N. Adisha and E. Rohaeti, “The Influence of Problem Based Learning Models on Cognitive 
Learning Outcomes and Scientific Attitudes of High School Students on Thermochemical 
Subject,” J. Penelit. Pendidik. IPA, vol. 10, no. 4, pp. 2136–2143, 2024, doi: 
10.29303/jppipa.v10i4.6448. 

[5] N. Majas, “Pengaruh Pembelajaran Sains Teknologi Masyarakat (STM) terhadap Keterampilan 
Proses Sains pada Materi Termokimia Siswa Kelas XI SMAN 1 Simpang Kiri,” 2016. 

[6] M. & M. Aprialisa, “Meningkatkan Pemahaman Siswa Pada Materi Termokimia Melalui Model 

https://doi.org/10.47709/educendikia.v1i1.1009
https://doi.org/10.29303/jppipa.v10i4.6448


                                                                                                                                E.T.P. Aji, et.al 

International Journal of Chemistry Education Research – Vol. 9, Iss. 1, April 2025 10 

 

Pembelajaran Kooperatif Tipe Two Stay Two Stray,” J. Inov. Pendidik. Sains, vol. 1, no. 1, pp. 
41–49, 2010. doi: 10.20527/quantum.v1i1.3376 

[7] G. R. Gevi and A. Andromeda, “Pengembangan E-Modul Laju Reaksi Berbasis Inkuiri 
Terbimbing Terintegrasi Virtual Laboratory Untuk SMA/ MA,” Edukimia, vol. 1, no. 1, pp. 53–61, 
2019, doi: 10.24036/ekj.v1.i1.a8. 

[8] N. Annafi, A. Ashadi, and S. Mulyani, “Pengembangan Lembar Kegiatan Peserta Didik Berbasis 
Inkuiri Terbimbing Pada Materi Termokimia Kelas XI SMA/MA,” INKUIRI: Jurnal Pendidikan IPA, 
vol. 4, no. 3, pp. 21-28, 2015. doi: https://jurnal.uns.ac.id/inkuiri/article/view/9554 

[9] N. Vadilla, “Pengembangan E-LKPD Berbasis Model Discovery Learning Pada Materi 
Termokimia Untuk Mengukur Keterampilan Sains Siswa,” Educenter  J. Ilm. Pendidik., vol. 1, 
no. 3, pp. 152–164, 2022, doi: 10.55904/educenter.v1i3.63. 

[10] E. Ellizar, S. D. Putri, M. Azhar, and H. Hardeli, “Developing a discovery learning module on 
chemical equilibrium to improve critical thinking skills of senior high school students,” J. Phys. 
Conf. Ser., vol. 1185, no. 1, 2019, doi: 10.1088/1742-6596/1185/1/012145. 

[11] E. Erlidawati and H. Habibati, “Penerapan Model Discovery Learning untuk Meningkatkan 
Aktivitas dan Hasil Belajar Peserta Didik pada Materi Termokimia,” J. Pendidik. Sains Indones., 
vol. 8, no. 1, pp. 92–104, 2020, doi: 10.24815/jpsi.v8i1.16099. 

[12] Suyati and A. Sutiani, “Upaya Meningkatkan Hasil Belajar Kimia Siswa Melalui Model 
Pembelajaran Discovery Learning Pada Materi Termokimia Di Man 2 Model Medan,” J. Penelit. 
Bid. Pendidik., vol. 24, no. 1, pp. 22–27, 2018. doi: 10.24114/jpbp.v24i1.12136 

[13] G. Gay, “Preparing For Culturally Responsive Teaching,” J. Teach. Educ., vol. 53, no. 2, 2002. 
doi: 10.1177/0022487102053002003 

[14] T. Jauza Nareswari, H. Wahyu Wijaya, and N. Candra Eka Setiawan, “Development of STEAM-
2C: Integrated Acid-Base Digital Book Based on Malang Local Wisdom,” E3S Web Conf., vol. 
481, 2024, doi: 10.1051/e3sconf/202448104003. 

[15] A. Ardyansyah, “Enhancing Chemistry Education Through The Integration of Rote Ndao Cultural 
Practices : An Ethnographic Exploration of Ethnochemistry,” J. Educ. Chem., vol. 6, no. 2, pp. 
111–126, 2024, doi: 10.21580/jec.2024.6.2.22321. 

[16] Y. Rahmawati, A. Ridwan, and Nurbaity, “Should we learn culture in chemistry classroom? 
Integration ethnochemistry in culturally responsive teaching,” AIP Conf. Proc., vol. 1868, 2017, 
doi: 10.1063/1.4995108. 

[17] Mustaqim, “Multimedia services on top of M3 Smart Spaces,” Proc. - 2010 IEEE Reg. 8 Int. 
Conf. Comput. Technol. Electr. Electron. Eng. Sib., vol. 13, no. 2, pp. 728–732, 2010, doi: 
10.1109/SIBIRCON.2010.5555154. 

[18] P. P. Nechypurenko, and V. N. Soloviev, “Using ICT as the Tools of Forming the Senior Pupils’ 
Research Competencies in the Profile Chemistry Learning of Elective Course ‘Basics of 
Quantitative Chemical Analysis,’” EducDim, vol. 51, pp. 7–24, 2019. doi: 
https://doi.org/10.31812/pedag.v51i0.3648. 

[19] N. Tekin, O. Aslan, and S. Yılmaz, “Improving Pre-Service Science Teachers’ Content 
Knowledge and Argumentation Quality through Socio-Scientific Issues-Based Modules: An 
Action Research Study,” J. Sci. Learn., vol. 4, no. 1, pp. 80–90, 2020, doi: 
10.17509/jsl.v4i1.23378. 

[20] J. W. Creswell, Educational Research: Planning, Conducting, and Evaluating Quantitative and 
Qualitative Research, 4th ed. Boston: Pearson, 2012. 

[21] M. Brydon-Miller, D. Greenwood, and P. Maguire, “Why Action Research?,” Action Res., vol. 1, 
no. 1, pp. 9–28, 2003, doi: 10.1177/14767503030011002. 

[22] J. R. Fraenkel, N. E. Wallen, and H. H. Hyun, How to Design and Ecaluate Research in 
Education, 8th ed. New York: Mc-Graw Hill, 2012. 

[23] A. Setyawan, N. Aznam, Paidi, and T. Itrawati, “Influence of The Use Of Technology Through 
Problem Based Learning and Inkuiri Models are Leading to Scientific Communication Students 
Class VII,” J. Technol. Sci. Educ., vol. 10(2), no. 2, pp. 190–198, 2020. doi: 10.3926/jotse.962 

[24] A. Fombona-Pascual, J. Fombona, and R. Vicente, “Augmented Reality, a Review of a Way to 
Represent and Manipulate 3D Chemical Structures,” J. Chem. Inf. Model., vol. 62, no. 8, pp. 
1863–1872, 2022, doi: 10.1021/acs.jcim.1c01255. 

[25] C. Y. Lin and H. K. Wu, “Effects of different ways of using visualizations on high school students’ 
electrochemistry conceptual understanding and motivation towards chemistry learning,” Chem. 
Educ. Res. Pract., vol. 22, no. 3, pp. 786–801, 2021, doi: 10.1039/d0rp00308e. 

[26] J. Garzón and J. Acevedo, “Meta-analysis of the impact of Augmented Reality on students’ 
learning gains,” Educ. Res. Rev., vol. 27, no. April 2018, pp. 244–260, 2019, doi: 
10.1016/j.edurev.2019.04.001. 

https://ppjp.ulm.ac.id/journal/index.php/quantum/article/view/3376
https://doi.org/10.24036/ekj.v1.i1.a8
https://jurnal.uns.ac.id/inkuiri/article/view/9554
https://doi.org/10.55904/educenter.v1i3.63
https://doi.org/10.1088/1742-6596/1185/1/012145
https://doi.org/10.24815/jpsi.v8i1.16099
https://jurnal.unimed.ac.id/2012/index.php/penelitian/article/view/12136
https://doi.org/10.1177/0022487102053002003
https://doi.org/10.1051/e3sconf/202448104003
https://doi.org/10.21580/jec.2024.6.2.22321
https://doi.org/10.1063/1.4995108
https://doi.org/10.1109/SIBIRCON.2010.5555154
https://doi.org/10.31812/pedag.v51i0.3648
https://doi.org/10.17509/jsl.v4i1.23378
https://doi.org/10.1177/14767503030011002
https://doi.org/10.3926/jotse.962
https://doi.org/10.1021/acs.jcim.1c01255
https://doi.org/10.1039/d0rp00308e
https://doi.org/10.1016/j.edurev.2019.04.001


                                                                                                                               E.T.P. Aji, et.al 

11 International Journal of Chemistry Education Research – Vol. 9, Iss. 1, April 2025 

 

[27] M.-B. Ibáñez and C. Delgado-Kloos, “Augmented reality for STEM learning: A systematic 
review,” Comput. Educ., vol. 123, pp. 109–123, 2018, doi: 
https://doi.org/10.1016/j.compedu.2018.05.002. 

[28] Y. Shiue, “Impact of an Augmented Reality System on Students ’ Learning Performance for a 
Health Education Course,” Int. Jpurnal Manag. Econ. Soc. Sci., vol. 8, no. 3, pp. 195–204, 2019, 
doi: 10.32327/IJMESS.8.3.2019.12. 

[29] A. Amores-valencia and D. Burgos, “The Impact of Augmented Reality ( AR ) on the Academic 
Performance of High School Students,” Electronics, vol. 12, p. 2173, 2023. doi: 
10.3390/electronics12102173 

[30] A. Amores-valencia, D. Burgos, and J. W. Branch-bedoya, “Influence of motivation and 
academic performance in the use of Augmented Reality in education . A systematic review,” 
Front. Psychol., vol. 13, p. 1011409, 2022. doi: 10.3389/fpsyg.2022.1011409. 

[31] S.-Y. Chen and S.-Y. Liu, “Using augmented reality to experiment with elements in a chemistry 
course,” Comput. Human Behav., vol. 111, p. 106418, 2020, doi: 
https://doi.org/10.1016/j.chb.2020.106418. 

[32] D. R. Sari, S. Yamtinah, S. R. D. Ariani, S. Saputro, E. Susanti VH, and A. S. Shidiq, “Augmented 
Reality Media Validity based on Tetrahedral Chemical Representation with Aiken Validation 
Index,” J. Penelit. Pendidik. IPA, vol. 8, no. 6, pp. 3139–3145, 2022, doi: 
10.29303/jppipa.v8i6.2333. 

[33] L. Kieran and C. Anderson, “Connecting Universal Design for Learning With Culturally 
Responsive Teaching,” Educ. Urban Soc., vol. 51, no. 9, pp. 1202–1216, Jul. 2018, doi: 
10.1177/0013124518785012. 

[34] A. M. Villegas and T. Lucas, “Preparing Culturally Responsive Teachers: Rethinking the 
Curriculum,” J. Teach. Educ., vol. 53, no. 1, pp. 20–32, Jan. 2002, doi: 
10.1177/0022487102053001003. 

[35] M. Vavrus, “Culturally responsive teaching,” in 21st Century Education: A Reference Handbook, 
Thousand Oaks: SAGE Publications, Inc., 2008, pp. 49–57. doi: 10.4135/9781412964012.n56. 

[36] C. A. Warren, “Empathy, Teacher Dispositions, and Preparation for Culturally Responsive 
Pedagogy,” J. Teach. Educ., vol. 69, no. 2, pp. 169–183, Jun. 2017, doi: 
10.1177/0022487117712487. 

[37] L. Rahmah, N. I. P. I. Sari, and A. N. M. Ansori, “Diversity of sate (satay) as Indonesian ancient 
food,” Theory Pract. meat Process., vol. 9, no. 2, pp. 125–134, 2024, doi: 10.21323/2414-438x-
2024-9-2-125-134. doi: 10.21323/2414-438X-2024-9-2-125-134. 

[38] A. Husbands and S. Cranford, “A Material Perspective of Wood, Smoke, and BBQ,” Matter, vol. 
1, no. 5, pp. 1092–1095, 2019, doi: 10.1016/j.matt.2019.10.014. 

[39] D. R. Kurniati and I. Rohman, “The concept and science process skills analysis in bomb 
calorimeter experiment as a foundation for the development of virtual laboratory of bomb 
calorimeter,” J. Phys. Conf. Ser., vol. 1013, no. 1, 2018, doi: 10.1088/1742-
6596/1013/1/012088. 

[40] E. Asmalia, Yuk, Mengenal Makanan Hasil Fermentasi Khas Indonesia. Jakarta Timur: Badan 
Pengembangan dan Pembinaan Bahasa, 2018. 

[41] W. Al-Dahhan and E. Yousif, “Hydrogen Balloons: Bright Colors but Hidden Fire Hazard,” Int. J. 
Public Heal. Saf., vol. 3, no. 1, p. 151, 2018. 

[42] F. Caruso, G. Gelardi, B. Elsener, and R. J. Flatt, “Demonstration of atomic emission from 
exploding hydrogen balloons for (almost) everybody,” J. Chem. Educ., vol. 90, no. 10, pp. 1406–
1408, 2013, doi: 10.1021/ed300785q. 

[43] T. Keinonen and T. de Jager, “Student Teachers’ Perspectives on Chemistry Education in South 
Africa and Finland,” J. Sci. Teacher Educ., vol. 28, no. 6, pp. 485–506, Aug. 2017, doi: 
10.1080/1046560X.2017.1378055. 

[44] A. Winarti, A. Almubarak, P. Saadi, I. Ijirana, S. Aminah, and R. Ratman, “Culturally Responsive 
Chemistry Teaching (CRCT) of College Students as A Novice Teacher: Does It Matter?,” JTK 
(Jurnal Tadris Kim., vol. 7, no. 2, pp. 175–189, 2022, doi: 10.15575/jtk.v7i1.20676. 

[45] J. C. Ortiz-Rodríguez, H. Brinkman, L. Nglankong, B. Enderle, and J. M. Velázquez, “Promoting 
Inclusive and Culturally Responsive Teaching Using Co-classes for General Chemistry,” J. 
Chem. Educ., vol. 99, no. 1, pp. 162–170, Jan. 2022, doi: 10.1021/acs.jchemed.1c00339. 

[46] Y. Rahmawati, A. Mardiah, E. Taylor, P. C. Taylor, and A. Ridwan, “Chemistry Learning through 
Culturally Responsive Transformative Teaching (CRTT): Educating Indonesian High School 
Students for Cultural Sustainability,” Sustainability, vol. 15, no. 8, pp. 1-18, 2023. doi: 
10.3390/su15086925 

[47] W. Cao and Z. Yu, “The impact of augmented reality on student attitudes, motivation, and 

https://doi.org/10.1016/j.compedu.2018.05.002
https://doi.org/10.32327/IJMESS.8.3.2019.12
https://doi.org/10.3390/electronics12102173
https://doi.org/10.3389/fpsyg.2022.1011409
https://doi.org/10.1016/j.chb.2020.106418
https://doi.org/10.29303/jppipa.v8i6.2333
https://doi.org/10.1177/0013124518785012
https://doi.org/10.1177/0022487102053001003
https://doi.org/10.4135/9781412964012.n56
https://doi.org/10.1177/0022487117712487
https://doi.org/10.21323/2414-438X-2024-9-2-125-134
https://doi.org/10.1016/j.matt.2019.10.014
https://doi.org/10.1088/1742-6596/1013/1/012088
https://doi.org/10.1088/1742-6596/1013/1/012088
https://doi.org/10.1021/ed300785q
https://doi.org/10.1080/1046560X.2017.1378055
https://doi.org/10.15575/jtk.v7i1.20676
https://doi.org/10.1021/acs.jchemed.1c00339
https://doi.org/10.3390/su15086925


                                                                                                                                E.T.P. Aji, et.al 

International Journal of Chemistry Education Research – Vol. 9, Iss. 1, April 2025 12 

 

learning achievements—a meta-analysis (2016–2023),” Humanit. Soc. Sci. Commun., vol. 10, 
no. 1, pp. 1–12, 2023, doi: 10.1057/s41599-023-01852-2. 

[48] W. Min and Z. Yu, “A Bibliometric Analysis of Augmented Reality in Language Learning,” 
Sustainability, vol. 15, no. 9, p. 7235, 2023, doi: 10.3390/su15097235. 

[49] J. Y. Lai and L. T. Chang, “Impacts of Augmented Reality Apps on First Graders’ Motivation and 
Performance in English Vocabulary Learning,” SAGE Open, vol. 11, no. 4, 2021, doi: 
10.1177/21582440211047549. 

[50] L. Liang, Z. Zhang, and J. Guo, “The Effectiveness of Augmented Reality in Physical 
Sustainable Education on Learning Behaviour and Motivation,” Sustain. , vol. 15, no. 6, 2023, 
doi: 10.3390/su15065062. 

[51] M. Akçayır and G. Akçayır, “Advantages and challenges associated with augmented reality for 
education: A systematic review of the literature,” Educ. Res. Rev., vol. 20, pp. 1–11, 2017, doi: 
https://doi.org/10.1016/j.edurev.2016.11.002. 

[52] A. Ardyansyah and S. Rahayu, “Development and Implementation of Augmented Reality-Based 
Card Game Learning Media with Environmental Literacy for Improving Students’ Understanding 
of Carbon Compounds,” Orbital, vol. 15, no. 2, pp. 118–126, 2023, doi: 
10.17807/orbital.v15i2.17617. 

https://doi.org/10.1057/s41599-023-01852-2
https://doi.org/10.3390/su15097235
https://doi.org/10.1177/21582440211047549
https://doi.org/10.3390/su15065062
https://doi.org/10.1016/j.edurev.2016.11.002
https://doi.org/10.17807/orbital.v15i2.17617

