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It remains challenging to foster deep conceptual understanding in 

physics, particularly regarding topics such as thermal expansion. 

This study investigates the effectiveness of combining immersive 

digital technology with the SCIe-GATe enquiry model, which 

includes Stimulation, Conceptualization, Investigation, 

Generalization, and Application. Twenty-eight eleventh-grade 

students in Bandarlampung, Indonesia, took part in a quasi-

experimental one-group pretest-posttest design. Data were collected 

using a validated conceptual understanding exam and classroom 

observations. The Wilcoxon Signed Ranks Test was employed to 

analyses the quantitative results, revealing a significant moderate 

enhancement in knowledge (N-gain = 0.46, p < 0.001). Qualitative 

data show that peak involvement happened during the enquiry and 

application stages, when immersive tools helped people think about 

model-based reasoning. This study shows that immersive enquiry 

frameworks can lead to new ways of teaching in situations where 

resources are limited. They can help students move from memorizing 

facts to using evidence to make decisions, even though the study has 

some problems because it only looked at a small number of students 

and didn't have a control group. 
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INTRODUCTION 

Developing a deep conceptual understanding in science, particularly physics, remains a 

significant pedagogical challenge. Students frequently struggle to comprehend abstract 

scientific concepts such as heat, temperature, and thermal expansion. These difficulties are 

often compounded by deeply rooted misconceptions that persist despite formal instruction. 

Research has consistently demonstrated that students tend to hold alternative mental models 

that are resistant to change, thereby necessitating instructional approaches that facilitate 

cognitive conflict and active learner engagement to reconstruct understanding effectively 

(Özdemir, 2022; Paçacı et al., 2023). 

Özdemir (2022) proposes the utilization of animated concept cartoons as an effective 

pedagogical tool to induce cognitive conflict in online science learning environments. This 

strategy provides an engaging medium for confronting misconceptions, aligning with 

findings from Paçacı et al. (2023) Those who emphasize adopting innovative instructional 

approaches to address conceptual misunderstandings in science education. 

Inquiry-based learning (IBL) has emerged as a pivotal strategy in promoting conceptual 

change. By involving students in the processes of scientific inquiry, IBL enables learners to 

engage critically with their prior knowledge and confront existing misconceptions 

(Aristeidou et al., 2020). Formulating research questions from everyday experiences 

enhances students’ engagement and fosters meaningful learning outcomes. Such 

experiential learning approaches not only improve conceptual understanding but also 

contribute to long-term retention and relevance of scientific content (Kamarrudin et al., 

2022). 

Furthermore, social engagement is an essential component in science learning. Studies by 

Haw et al. (2022) and Bae & Lai (2020) have shown that student engagement in science 

classrooms positively correlates with motivation and academic success. Integrating 

collaborative and active learning strategies supports the development of a scientific 

community within the classroom, reinforcing both cognitive and affective dimensions of 

learning. 

Despite the recognized benefits of these approaches, the predominant reliance on 

transmissive teaching methods and procedural problem-solving continues to pose 

significant challenges. Although such methods are commonly employed to prepare 

students for assessments, they often fail to cultivate deep conceptual frameworks or foster 

critical scientific reasoning. This limitation is particularly concerning given that passive 

learning environments may marginalize students who benefit from interactive, dialogic, or 

multimodal instructional approaches, thereby exacerbating educational inequities (Addido 

et al., 2022). 

Recent empirical findings underscore the efficacy of innovative pedagogical 

strategies in enhancing conceptual understanding. Altunisik et al. (2023) demonstrate that 

problem- based STEM practices can significantly improve the conceptual knowledge of pre-

service science teachers through active involvement in inquiry processes. Similarly, Nasir 
et al. (2022) report that STEM-based guided inquiry approaches facilitate students’ ability 

to construct scientific explanations and enhance critical thinking skills. These findings 

advocate for the adoption of active learning strategies as a means of addressing the 

limitations inherent in traditional, teacher-centered instruction. 



Romli, et al. / Jurnal Pembelajaran Fisika, 13 (1), 2025, 1 - 17  3 

 

 

© 2025 The Author(s), Published by Program Studi S1 Pendidikan Fisika, FKIP, 

Universitas Lampung in Collaboration with the Physical Society of Indonesia. 

This is an open access article under the CC BY license 

(https://creativecommons.org/licenses/by/4.0/) 

 

 

 

In addition, the literature highlights the inadequacies of passive learning environments and 

advocates for instructional reform. Nadelson et al., (2018) argue that active learning 

strategies enhance scientific literacy and enable learners to address and overcome 

misconceptions effectively. Cooperative learning settings that prioritize dialogue and 

collaboration are instrumental in improving both student engagement and equitable 

learning outcomes (Addido et al., 2022; Nadelson et al., 2018). Responsive teaching 

practices, incorporating students’ prior knowledge and lived experiences, foster inclusivity 

and accommodate diverse learning styles. 

Within this context, inquiry-based learning (IBL) anchored in constructivist and 

sociocultural theories has gained prominence as a pedagogical model that promotes 

meaningful engagement and conceptual development. As noted by Brugar et al. (2024) 

IBL positions students as active constructors of knowledge, aligning with contemporary 

educational paradigms emphasizing deep, inquiry-driven learning. The SCIe-GATe model, 

which includes phases such as Stimulation, Conceptualization, Investigation, 

Generalization, and Application to Make Decisions, offers a comprehensive framework for 

guiding students through structured scientific inquiry. This model has demonstrated 

effectiveness in fostering understanding, critical reasoning, and decision-making based on 

empirical evidence (Nugroho & Zulfiani, 2021). 

Nugroho and Zulfiani (2021) further report that various IBL frameworks, such as Socio- 

Scientific Inquiry (SSIq) and Guided Inquiry (GI), significantly improve cognitive 

outcomes among high school students when compared to traditional teaching approaches. 

Syahgiah et al. (2023) Similarly, affirm that the application of inquiry learning promotes 

the development of critical thinking, enabling students to articulate scientific reasoning and 

internalize conceptual content more deeply. 

Integrating technological tools into inquiry-based instruction further enhances students’ 

learning experiences. Lin et al. (2022) highlights those digital technologies support 

collaborative inquiry by aiding students in formulating sub-questions and navigating 

complex problem contexts. These tools also foster increased self-efficacy through 

structured guidance and scaffolded learning opportunities (Hakim et al., 2023). 

Moreover, advances in immersive technologies, including simulations, augmented reality 

(AR), and virtual laboratories, offer promising avenues for enriching inquiry-based science 

instruction. These tools provide students with opportunities to visualize abstract 

phenomena, manipulate scientific variables, and receive immediate feedback, all of which 

contribute to enhanced engagement and conceptual accuracy (Choon & Pang, 2021). The 

convergence of immersive digital media with structured inquiry models represents a 

significant advancement in addressing conceptual difficulties, particularly in complex 

topics such as thermal expansion. 

https://creativecommons.org/licenses/by/4.0/
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Nonetheless, empirical studies that explore the systematic integration of immersive 

technologies into inquiry-based learning frameworks, particularly within secondary 

schools in developing countries, remain scarce. The present study addresses this gap by 

examining the effectiveness of a student worksheet developed based on the SCIe-GATe 

inquiry model and supported by immersive digital media, implemented in a secondary 

classroom in Indonesia. This research contributes to the ongoing discourse on equitable 

and cognitively enriching science education by proposing instructional designs that 

support scientific reasoning and student agency. 

So, recent literature from 2020 to 2024 has consistently demonstrated the individual 

benefits of inquiry-based learning and the potential of immersive digital media in 

overcoming physics misconceptions. However, these two elements are often treated as 

separate entities in pedagogical practice. While prior studies have separately explored 

inquiry-based learning and immersive digital tools, there is currently a lack of empirical 

evidence regarding the systematic integration of the SCIe-GATe model within real-

world physics classrooms in developing regions. This study fills this gap by examining 

the implementation of the SCIe-GATe inquiry model integrated with immersive 

technology to enhance secondary students' conceptual understanding of thermal 

expansion. The findings are expected to provide a replicable framework for physics 

educators to bridge the gap between abstract concepts and student visualization in 

resource-constrained environments. 

 

METHOD 

Research Design 

This study employed a quasi-experimental, one-group pretest–posttest design to 

investigate the effects of an immersive, inquiry-based instructional intervention on 

students’ conceptual understanding of thermal physics. Although lacking a control group, 

this design was chosen for its practical alignment with authentic classroom settings and 

compatibility with design-based science education research. This design enables within- 

group comparisons while maintaining ecological validity (Rainey et al., 2020). 

The approach utilized allows researchers to assess the students’ understanding before and 

after the intervention effectively, aligning with recognized methodologies in educational 

research (Rainey et al., 2020). This methodology has been shown to effectively gauge the 

impacts of specific instructional strategies on student learning outcomes (Rainey et al., 

2020). Moreover, engaging students in an immersive learning environment, particularly 

in complex subjects like thermal physics, can profoundly enhance their conceptual grasp 

and reasoning capabilities (Baotong et al., 2025). 

Participants and Setting 

The study was conducted at a public secondary school in Bandarlampung, Indonesia. 

Participants included 28 eleventh-grade students (16–17) enrolled in a general physics 

course. The school was selected based on accessibility and willingness to collaborate in 

implementing pedagogical innovation. All participants were previously introduced to 

basic thermal concepts in the standard physics curriculum. 
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Instructional Intervention 

The instructional sequence was designed around the SCIe-GATe inquiry model, 

comprising five structured phases: Stimulation, Conceptualization, Investigation, 

Generalization, and Application. A student worksheet was developed to guide learners 

through these phases, integrating immersive digital media such as interactive simulations 

and video-based phenomena. These elements were intended to enhance students’ 

engagement and facilitate conceptual reconstruction through visual and interactive 

experiences. 

• In the Stimulation phase, students were exposed to real-world phenomena 

through contextual videos. 

• The Conceptualization phase involved guided prediction and initial explanation 

tasks. 

• In the Investigation phase, students explored scientific models 

through simulations and collaborative inquiry. 

• The Generalization phase focused on synthesizing findings and identifying 

patterns. 

• The Application phase challenged students to apply concepts in decision-

making tasks rooted in everyday scenarios. 

 

This structured approach aligns with principles demonstrated in recent literature, which 

supports the use of inquiry-based learning as an effective method to foster deep 

engagement and cognitive development in students (Alarcón et al., 2023; Nzomo et al., 

2023). These studies highlight the potential of immersive media to enhance the inquiry 

process and improve students’ attitudes toward learning science (Nzomo et al., 2023). 

Furthermore, the integration of digital tools within inquiry-based instruction provides 

opportunities for students to engage in hands-on learning experiences that not only align 

with their interests but also stimulate critical thinking and problem-solving skills (Liu & 

Tsai, 2020). 

Evidence from research suggests that immersive learning environments paired with 

effective instructional frameworks, such as the SCIe-GATe model, can lead to improved 

conceptual understanding among learners, particularly in complex scientific topics 

(Cairns, 2019). This model promotes collaboration and active participation, which are 

critical for developing skills necessary for scientific inquiry (Adeyele, 2023; Deák et al., 

2021). 

Data Collection 

Multiple data sources were utilized to capture both cognitive outcomes and student 

experiences: 

• A validated conceptual understanding test, consisting of multiple-choice items 

with reasoning justifications, was administered before and after the intervention. 

• Classroom observations were conducted using a structured protocol to capture 

levels of engagement and participation. 
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• A student response questionnaire, comprising Likert-scale items and open-ended 

questions, assessed perceptions of the learning experience. 

• Supplementary documentation, including video recordings and field notes, was 

collected to provide contextual insights into classroom dynamics. 

 

Utilizing a combination of data sources enhances the reliability of the findings and allows 

for a comprehensive understanding of the instructional impact. According to Nugroho 

and Zulfiani, employing multiple measurement approaches in inquiry-based learning can 

significantly improve cognitive abilities among high school students, as it allows for a 

broad assessment of student engagement and (Nugroho & Zulfiani, 2021). Furthermore, 

integrating qualitative observations alongside quantitative assessments provides 

educators with deeper insights into students’ experiences and learning processes (Lin et 

al., 2022). This multifaceted approach aligns with contemporary research emphasizing 

the importance of capturing diverse aspects of student learning experiences to inform 

instructional practices (Brugar et al., 2024). 

The effectiveness of various observation methods varies, classroom observations, when 

documented alongside traditional assessments, can reveal how engaged students are in 

the inquiry process and help identify areas for instructional improvement (Nyer, 2019). 

The use of technology-mediated learning environments can support collaborative inquiry 

and facilitate real-time feedback on student understanding, which is supported by studies 

that highlight the positive effects of such environments on student engagement (Syahgiah 

et al., 2023). By employing these varied methodologies, the study aimed to provide a 

richer, more contextualized view of the students’ learning experiences and the overall 

effectiveness of inquiry-based instructional strategies (Samadun et al., 2023). 

Data Analysis 

Quantitative data were analyzed using normalized gain (N-gain) to measure individual 

and group learning gains. The Wilcoxon Signed Ranks Test was employed to determine 

the statistical significance of pre- and posttest differences due to the non-parametric 

nature of the data distribution. Qualitative data from open-ended survey responses and 

classroom observations were thematically analyzed to identify recurring engagement 

patterns, cognitive conflict, and student agency. Data triangulation across sources was 

used to enhance the trustworthiness of findings. 

The use of normalized gain (N-gain) is especially appropriate in educational research as 

it provides a standardized measure of gain, allowing for the assessment of learning 

outcomes relative to the initial learning state, a method supported by recent studies in 

educational assessment (Banawi et al., 2019; Sutoyo et al., 2023). Specifically, the 

method enables educators to determine the effectiveness of instructional interventions 

by providing clear insights into students’ learning progress (Fitriyana et al., 2019). 

Furthermore, employing the Wilcoxon Signed Ranks Test is a suitable choice when 

dealing with non-parametric data distributions, allowing for valid comparisons between 

pre- and post-instructional assessments (Sesmiyanti et al., 2019) 

Additionally, thematic analysis of qualitative data, including survey responses and 

classroom observations, allows researchers to deeply understand student experiences 
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and engagement levels during the inquiry process (Waskita et al., 2022). This 

qualitative approach complements the quantitative measures by highlighting the 

contextual factors influencing student learning, thus reinforcing the validity of the 

research findings (Sutoyo et al., 2023). The data triangulation method strengthens the 

study’s overall trustworthiness by integrating multiple perspectives and sources of data, 

as evidenced in recent educational research literature (Fitriyana et al., 2019; Gopalan et 

al., 2020). 

 

RESULT AND DISCUSSION 

Quantitative Findings: Conceptual Gains 

The pre- and posttest data analysis revealed significant improvements in students’ 

conceptual understanding of thermal expansion. The average pre-tests score was 47.5 

(SD = 10.2), while the posttest mean increased to 73.9 (SD = 9.5). The average pre-tests 

score is 47.5 (SD = 10.2), while the average posttest increases to 73.9 (SD = 9.5), as 

shown in Figure 1. 

Figure 1. Pretes-Postest avarage 

The calculated normalized gain score (N-gain) was 0.46, indicating a moderate level of 
learning gain according to Hake’s criteria (Hake, 1998). This score shows that although it is 

not optimal, learning with the SCIe-GATe approach has successfully encouraged effective 

improvement in concept mastery. Figure 2 is a graph of the distribution of students’ N-gain based 

on the category of improving conceptual understanding. Most students were in the medium 

category, which shows that learning with the SCIe-GATe-based worksheet is quite effective. A 

Wilcoxon signed-rank test was performed to test statistical significance due to non- 

normal data distribution. The test result yielded Z = –4.129, p < 0.001, confirming that 

the observed differences in conceptual performance were statistically significant. 

 



Publisher: Physics Education Study Program, Faculty of Teacher Training and Education, Universitas Lampung in 

Collaboration with the Physical Society of Indonesia (PSI) 

Romli, et al. / Jurnal Pembelajaran Fisika, 13 (1), 2025, 1 - 17  8 

 

 
 
 

 

Figure 2. Distribution of n-gain 

An item-level analysis further revealed substantial gains in students’ ability to transfer 

understanding to novel situations. Pre-test responses predominantly reflected formulaic 

recall, while post-test answers demonstrated increased conceptual clarity, explanatory 

reasoning, and integration of multiple representations (e.g., visual graphs and verbal 

reasoning). These shifts suggest a meaningful transition from surface-level understanding 

to more coherent mental models of thermal processes. 

The notable improvements in student responses align with findings from research 

indicating that effective instructional strategies, such as discovery-based learning, 

facilitate deeper conceptual understanding and better transfer of knowledge (Rumsariadi 

et al., 2023). As highlighted by Rumsariadi et al., the discovery learning model 

encourages student agency and enhances cognitive skills by allowing students to engage 

actively in their learning process, which is essential for fostering significant shifts in 

understanding (Rumsariadi et al., 2023). The increased complexity of students’ posttest 

answers, characterized by enhanced explanatory reasoning and integration of various 

representations, supports the idea that active engagement promotes a more profound 

comprehension of scientific concepts. 

Moreover, Hakim et al. emphasize the impact of using interactive and multimedia 

resources in educational settings, which can significantly enhance students’ conceptual 

understanding and motivate them to engage with complex material (Hakim et al., 2024). 

This integration of multiple forms of representation mirrors the results of this study, 

where students transitioned from simple recall of facts to constructing more sophisticated 

mental models capable of explaining thermal phenomena. 

In summary, the data reflect a robust progression in student understanding that reinforces 

the effectiveness of inquiry-based approaches in science education. By enabling students 

to engage with content actively, these instructional models support the development of 

deeper cognitive frameworks necessary for tackling complex scientific concepts (Hakim 

et al., 2024) 
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Qualitative Findings: Student Engagement and Epistemic Practices 

Qualitative data from classroom observations, student responses, and video recordings 

revealed high levels of engagement, particularly during the Investigation and Application 

phases of the SCIe-GATe model. Students worked collaboratively with simulations, 

formed hypotheses, and revised their ideas based on emerging evidence. Several 

classroom discussions illustrated moments of epistemic conflict, followed by conceptual 

resolution, core processes in inquiry-based learning. 

Survey data supported these observations. On a 5-point Likert scale, over 85% of students 

agreed or strongly agreed that the immersive tools helped them visualize and understand 

abstract concepts. Open-ended responses further indicated that students found the 

experience more enjoyable, meaningful, and intellectually stimulating than traditional 

instruction. One student wrote, “Before, I could solve the equation, but did not get what 

was happening. Now I can explain it to someone else.” Such responses signal a shift in 

students’ epistemic stance from memorization to explanation and from passive reception 

to active participation in knowledge construction. This is consistent with research on 

student agency and sense-making in science learning environments. (Al-Gerafi et al., 

2023). 

From the results of the response questionnaire given to students after learning, it was obtained 

that 82% of students stated that they agreed or strongly agreed that the worksheet used helped 

them better understand the material. In addition, 89% of students found the worksheet interesting 

and not boring, and 75% felt motivated to discuss and experiment independently (Suyono, 2019). 

These findings are also reinforced by research that states that learning media that encourages 

students’ active involvement in inquiry activities can significantly improve literacy and 

conceptual understanding (Putri et al., 2021). Figure 3 is a graph of students’ responses to using 

a worksheet based on the SCIe-GATe model. It can be seen that aspects such as ease of use, 

attractiveness of worksheet, and support for conceptual understanding received a high positive 

response (Safitri et al., 2022). 

 

Figure 3. Student’s Response to the worksheet 
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In the implementation in the classroom, several challenges were found; Some students 

still have difficulty formulating hypotheses and designing observation tables 

independently. This can be attributed to the limitations of students’ experience in 

conducting systematic experiments (Sampson et al., 2013). Teachers need to provide 

scaffolding or gradual guidance so that students get used to thinking scientifically 

independently, as suggested by Power (2012) in his approach to discovery-based 

learning (Power, 2012). This challenge is an opportunity to develop the competence of 

the students’ scientific process sustainably through the SCIe-GATe model. 

The observed shift in students’ attitudes towards learning has been highlighted in recent 

literature, which suggests that immersive tools, including augmented reality (AR) and 

virtual reality (VR), significantly enhance students’ engagement and understanding of 

complex scientific concepts. These technologies allow for a more interactive and 

participatory learning environment that fosters deeper cognitive processing and 

conceptual clarity. Moreover, the alignment between the findings of this study and the 

research conducted by Al-Gerafi et al. underscores the crucial role that interactive and 

immersive tools play in enhancing students’ capacities to connect abstract concepts to 

tangible understanding (Al-Gerafi et al., 2023). 

DISCUSSION 

Integrating Structured Inquiry with Immersive Media to Support Conceptual 

Change 

The findings of this study support the growing body of research suggesting that structured 

inquiry models, when combined with immersive technologies, can significantly enhance 

students’ conceptual understanding in science. The observed learning gains, as measured 

by N-gain and qualitative indicators, align with prior research on technology-enhanced 

inquiry environments (Niemelä et al., 2020). In particular, the SCIe-GATe model offers 

effective scaffolding by sequencing cognitive demands through inquiry phases, enabling 

students to move from initial observation to explanatory reasoning and decision-making. 

This structured approach reflects what Windschitl et al. (2008) described as a shift from 

“doing science activities” to engaging in “model-based reasoning.” Our results echo this 

claim: posttest responses and classroom observations revealed a transformation in 

students’ epistemic orientation. Learners were no longer simply applying formulas but 

were engaging in reasoning about mechanisms and justifying claims with evidence. The 

immersive media elements also played a crucial role in facilitating this shift. Students 

consistently reported that visual simulations allowed them to “see” abstract processes 

such as particle movement or material expansion phenomena that are otherwise invisible 

in traditional settings. This is consistent with findings by Ainsworth (2006), who argues 

that multiple external representations can reduce cognitive load and foster conceptual 

clarity when properly integrated. 

The transition to model-based reasoning indicates a significant enhancement in students’ 

cognitive engagement, as supported by recent research on educational practices. In a 

study by Suh et al. (2022) The authors emphasize the importance of epistemic orientation 

in science education, highlighting how engaging with various representational forms can 

lead to deeper understanding and justification of scientific concepts (Suh et al., 2022). 



Publisher: Physics Education Study Program, Faculty of Teacher Training and Education, Universitas Lampung in 

Collaboration with the Physical Society of Indonesia (PSI) 

Romli, et al. / Jurnal Pembelajaran Fisika, 13 (1), 2025, 1 - 17  11 

 

 
 

This aligns with the argument that when students utilize multiple representations, they 

are better equipped to reason about complex mechanisms, drawing connections between 

abstract concepts and empirical evidence. Additionally, immersive technologies have 

been shown to enhance students’ ability to visualize and understand challenging scientific 

ideas, further corroborating Ainsworth’s findings regarding the cognitive benefits of 

multiple representations. 

These shifts in pedagogical focus underscore the necessity of integrating modern, 

interactive teaching tools to support dynamic learning environments within science 

education, allowing learners to progress beyond rote memorization towards a more 

integrated and conceptual approach to knowledge. 

Cultivating Epistemic Agency and Student ownership 

Beyond cognitive gains, the study highlighted important affective and metacognitive 

outcomes. Students’ increased willingness to generate, revise, and defend ideas 

indicates a rise in epistemic agency. Rather than viewing science as a fixed body of 

knowledge, students began participating in science as a process of inquiry, 

interpretation, and negotiation. This is significant in light of ongoing conversations in 

science education about equity and engagement; creating spaces where students can 

meaningfully participate in scientific discourse is central to democratizing science 

learning. Our data show that even in a modest classroom setting, when inquiry is 

carefully scaffolded and supported by rich media, students take ownership of their 

learning and act as scientific thinkers. 

This increase in epistemic agency aligns with research suggesting that engagement in 

scientific practices fosters a deeper understanding and ownership of knowledge among 

(Odden et al., 2022; Stroupe et al., 2018). The shift from viewing science as merely a 

compilation of facts to a process of inquiry and negotiation reflects the ongoing discourse 

in educational literature about fostering equity and engagement in science education 

(Şengül, 2019). The findings reinforce the notion that when learners are empowered to 

construct and articulate their knowledge, they begin to see themselves as active 

participants in the scientific community (Atias et al., 2024)This resonates with the 

argument that classrooms designed around inquiry and collaboration can make scientific 

discourse more accessible and meaningful. (Davis & Bellocchi, 2018). 

Moreover, enhancing scientific discourse through rich media not only supports cognitive 

skills but also encourages students to engage in the metacognitive processes of reflecting 

on their learning and (Odden et al., 2022; Stroupe et al., 2018). Implementing 

instructional strategies that promote epistemic agency ensures that students are not only 

consumers of scientific knowledge but also critical thinkers capable of contributing to 

the scientific dialogue that shapes our world (Erduran et al., 2021; Şengül, 2019). 

Implications for Design and Pedagogical Practice 

The implications of these findings are twofold. First, instructional models like SCIe- 

GATe can provide a replicable framework for designing inquiry-based experiences that 

integrate seamlessly with digital tools. This is especially valuable in contexts where 

teachers may lack confidence or experience designing open-ended inquiry from scratch. 

Second, immersive tools, while often considered resource-intensive, can be 
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implemented effectively even in low-resource settings, provided the design is 

intentional and pedagogically sound. 

Our results contribute to the design-based discourse in science education, demonstrating 

how technology can support more profound understanding and meaningful engagement 

as a cognitive tool rather than mere enhancement. (Tabak, 2009). Future research should 

explore how these tools affect long-term retention, learning transfer, and scientific 

identity development across diverse learners. 

CONCLUSION 

This study provides empirical evidence that integrating the SCIe-GATe inquiry model 

with immersive technology can enhance students’ conceptual understanding in thermal 

physics. The moderate learning gains observed, alongside rich qualitative insights into 

student engagement and reasoning, highlight the potential of this combined approach to 

support meaningful science learning. 

 Beyond improving test scores, the intervention fostered epistemic agency by 

encouraging students to explain, argue, and make evidence-based decisions. These 

practices are central to contemporary visions of science education that emphasize 

knowledge acquisition and active participation in constructing scientific understanding. 

The findings contribute to design-oriented research in science education by 

demonstrating how structured inquiry models can be paired with immersive digital 

media to create cognitively and socially rich learning environments. This approach 

offers a replicable framework for teachers aiming to move beyond traditional 

instruction, even in resource- constrained contexts. 

Future research should examine the long-term effects of such interventions on students’ 

conceptual retention, learning transfer, and scientific identity development. 

Additionally, exploring how teacher facilitation interacts with technology-supported 

inquiry will be critical for understanding how these models scale across diverse 

classrooms and cultures. 

REFERENCES 

Addido, J., Burrows, A. C., & Slater, T. F. (2022). Addressing Pre-Service Teachers’ 

Misconceptions and Promoting Conceptual Understanding Through the 

Conceptual Change Model. Problems of Education in the 21st Century, 80(4), 

499–515. https://doi.org/10.33225/pec/22.80.499 

Adeyele, V. O. (2023). Inquiry-Based Science Approach in Kindergarten: A Systematic 

Review. Journal Al-Mudarris, 6(2), 160–179. https://doi.org/10.32478/al- 

mudarris.v6i2.1853 

Ainsworth, S. (2006). DeFT: A conceptual framework for considering learning with 

multiple representations. Learning and Instruction, 16(3), 183–198. 

https://doi.org/10.1016/j.learninstruc.2006.03.001 

Al-Gerafi, M. A., Zhou, Y., Oubibi, M., & Wijaya, T. T. (2023). Unlocking the 

Potential: A Comprehensive Evaluation of Augmented Reality and Virtual 



Publisher: Physics Education Study Program, Faculty of Teacher Training and Education, Universitas Lampung in 

Collaboration with the Physical Society of Indonesia (PSI) 

Romli, et al. / Jurnal Pembelajaran Fisika, 13 (1), 2025, 1 - 17  13 

 

 
 

Reality in Education. Electronics, 12(18), 3953. 

https://doi.org/10.3390/electronics12183953 

Alarcón, D. A. U., Talavera–Mendoza, F., Páucar, F. H. R., Caceres, K. S. C., & Viza, 

R. M. (2023). Science and Inquiry-Based Teaching and Learning: A Systematic Review. 

Frontiers in Education, 8. https://doi.org/10.3389/feduc.2023.1170487 

Altun, S., Uzun, S., & Ekici, D. İ. (2023). The Effect of Problem-Based STEM 

Practices on Pre-Service Science Teachers’ Conceptual Understanding. Journal 

of Pedagogical Research. https://doi.org/10.33902/jpr.202323628 

Aristeidou, M., Scanlon, E., & Sharples, M. (2020). Learning outcomes in online citizen 

science communities are designed for inquiry. International Journal of Science 

Education, Part B: Communication and Public Engagement, 10(4), 277–294. 

https://doi.org/10.1080/21548455.2020.1836689 

Atias, O., Shavit, A., Kali, Y., & Baram‐Tsabari, A. (2024). Deciphering the Role of 

Epistemic Injustice in School‐based Citizen Science: Sources, Implications, and 

Possible Ways for Mitigation. Journal of Research in Science Teaching. 

https://doi.org/10.1002/tea.22006 

Bae, C. L., & Lai, M. H. C. (2020). Opportunities to Participate in Science Learning and 

Student Engagement: A Mixed Methods Approach to Examining Person and 

Context Factors. Journal of Educational Psychology, 112(6), 1128–1153. 

https://doi.org/10.1037/edu0000410 

Banawi, A., Sopandi, W., Kadarohman, A., & Solehuddin, M. (2019). Prospective 

Primary School Teachers’ Conception Change on States of Matter and Their 

Changes Through Predict-Observe-Explain Strategy. International Journal of 

Instruction, 12(3), 359–374. https://doi.org/10.29333/iji.2019.12322a 

Baotong, S., Nedkun, P., & Chinwong, S. (2025). Enhancing Physics Education With 

IoT: A Comprehensive Approach to Thermal Expansion and Cooling 

Experiments. Physica Scripta, 100(3), 36101. https://doi.org/10.1088/1402- 

4896/adb702 

Brugar, K. A., Roberts, K. L., & Cuenca, A. (2024). Inquiry on Inquiry: Examining 

Student Actions Required in Elementary Inquiry Design Models. The Journal of 

Social Studies Research, 48(2), 102–113. 

https://doi.org/10.1177/23522798231219968 

Cairns, D. (2019). Investigating the Relationship Between Instructional Practices and 

Science Achievement in an Inquiry-Based Learning Environment. International 

Journal of Science Education, 41(15), 2113–2135. 

https://doi.org/10.1080/09500693.2019.1660927 

Choon, D., & Pang, G. (2021). Immersive Virtual Reality (VR) Classroom to Enhance 

Learning and Increase Interest and Enjoyment in the Secondary School Science 

Curriculum. https://doi.org/10.33965/ml_icedutech2021_202102l013 

Davis, J., & Bellocchi, A. (2018). Objectivity, Subjectivity, and Emotion in School 

Science Inquiry. Journal of Research in Science Teaching, 55(10), 1419–1447. 

https://doi.org/10.1002/tea.21461 



Publisher: Physics Education Study Program, Faculty of Teacher Training and Education, Universitas Lampung in 

Collaboration with the Physical Society of Indonesia (PSI) 

Romli, et al. / Jurnal Pembelajaran Fisika, 13 (1), 2025, 1 - 17  14 

 

 
 
 

Deák, C., Kumar, B., Szabó, I., Nagy, G., & Szentesi, S. (2021). Evolution of New 

Approaches in Pedagogy and STEM With Inquiry-Based Learning and Post- 

Pandemic Scenarios. Education Sciences, 11(7), 319. 

https://doi.org/10.3390/educsci11070319 

Erduran, S., Ioannidou, O., & Baird, J. (2021). The Impact of Epistemic Framing of 

Teaching Videos and Summative Assessments on Students’ Learning of 

Scientific Methods. International Journal of Science Education, 43(18), 2885–

2910. https://doi.org/10.1080/09500693.2021.1998717 

Fitriyana, N., Marfuatun, M., & Priyambodo, E. (2019). The Profile of Students’ 

Analytical Thinking Skills on Chemistry Systemic Learning Approach. Scientiae 

Educatia, 8(2), 207. https://doi.org/10.24235/sc.educatia.v8i2.5272 

Gopalan, M., Rosinger, K. O., & Ahn, J. B. (2020). Use of Quasi-Experimental 

Research Designs in Education Research: Growth, Promise, and Challenges. 

Review of Research in Education, 44(1), 218–243. 

https://doi.org/10.3102/0091732x20903302 

Hake, R. R. (1998). Interactive-engagement versus traditional methods: A six-thousand- 

student survey of mechanics test data for introductory physics courses. American 

Journal of Physics, 66(1), 64–74. https://doi.org/10.1119/1.18809 

Hakim, H., Hasmyati, H., Zulfikar, M., Anwar, N. I. A., Santos, H. A. D., & Hamzah, 

A. (2023). Improving Students’ Self-Efficacy Through Inquiry Learning Model and 

Modeling in Physical Education. Jurnal Cakrawala Pendidikan, 42(2), 483–492. 

https://doi.org/10.21831/cp.v42i2.57759 

Hakim, Wahyudi, W., Ayub, S., Harjono, A., & Susilawati, S. (2024). Effectiveness of 

Thermodynamics Textbooks Assisted by Heyzine Flipbook to Improve Students’ 

Generic Science, Critical Thinking, and Conceptual Understanding. Jurnal 

Penelitian Pendidikan Ipa, 10(10), 7839–7844. 

https://doi.org/10.29303/jppipa.v10i10.9091 

Haw, L. H., Sharif, S., & Han, C. G. K. (2022). Predictors of Student Engagement in 

Science Learning: The Role of Science Laboratory Learning Environment and 

Science Learning Motivation. Asia Pacific Journal of Educators and Education, 

37(2), 225–245. https://doi.org/10.21315/apjee2022.37.2.11 

Kamarrudin, H., Talib, O., Kamarudin, N., Ismail, N., & Zamin, A. A. M. (2022). 

Examining the Trend of Research on Active Engagement in Science Education: 

Bibliometric Analysis. Journal of Turkish Science Education, 19(3), 937–957. 

https://doi.org/10.36681/tused.2022.157 

Lin, V., Barrett, N., Liu, G., & Chen, H. H. (2022). A Systematic Review on Inquiry- 

Based Writing Instruction in Tertiary Settings. Written Communication, 40(1), 

238–281. https://doi.org/10.1177/07410883221129605 

Liu, R. L., & Tsai, H. C. (2020). Action Research to Enrich Learning from Conflict to 

Collaboration: Bridging the First-Year Students and the NGOs Agencies in 

Service Learning Program. Systemic Practice and Action Research, 33(3), 295–

309. https://doi.org/10.1007/s11213-020-09522-z 



Publisher: Physics Education Study Program, Faculty of Teacher Training and Education, Universitas Lampung in 

Collaboration with the Physical Society of Indonesia (PSI) 

Romli, et al. / Jurnal Pembelajaran Fisika, 13 (1), 2025, 1 - 17  15 

 

 
 

Nadelson, L. S., Heddy, B. C., Jones, S., Taasoobshirazi, G., & Johnson, M. L. (2018). 

Conceptual Change in Science Teaching and Learning: Introducing the Dynamic 

Model of Conceptual Change. International Journal of Educational Psychology, 

7(2), 151. https://doi.org/10.17583/ijep.2018.3349 

Nasir, M., Cari, C., Sunarno, W., & Rahmawati, F. (2022). The Effect of STEM-based 

Guided Inquiry on Light Concept Understanding and Scientific Explanation. 

Eurasia Journal of Mathematics Science and Technology Education, 18(11), em2175. 

https://doi.org/10.29333/ejmste/12499 

Niemelä, M., Kärkkäinen, T., Äyrämö, S., Ronimus, M., Richardson, U., & Lyytinen, 

H. (2020). Game learning analytics for understanding reading skills in the transparent 

writing system. British Journal of Educational Technology, 51(6), 2376–2390. 

https://doi.org/10.1111/bjet.12916 

Nugroho, B., & Zulfiani, Z. (2021). A Causal-Comparative Study of Inquiry-Based 

Science Learning Based on Levels of Students’ Cognitive Learning Outcomes: 

Systematic Review. Jurnal Pendidikan Sains Indonesia, 9(4), 655–670. 

https://doi.org/10.24815/jpsi.v9i4.20579 

Nyer, P. U. (2019). The Relative Effectiveness of Online Lecture Methods on Student 

Test Scores in a Business Course. Open Journal of Business and Management, 

07(04), 1648–1656. https://doi.org/10.4236/ojbm.2019.74115 

Nzomo, C. M., Rugano, P., & Njoroge, J. M. (2023). Relationship Between Inquiry- 

Based Learning and Students’ Attitudes Towards Chemistry. International 

Journal of Evaluation and Research in Education (Ijere), 12(2), 991. 

https://doi.org/10.11591/ijere.v12i2.24165 

Odden, T. O. B., Silvia, D. W., & Malthe‐Sørenssen, A. (2022). Using Computational 

Essays to Foster Disciplinary Epistemic Agency in Undergraduate Science. 

Journal of Research in Science Teaching, 60(5), 937–977. 

https://doi.org/10.1002/tea.21821 

Özdemir, E. (2022). Animated Concept Cartoons as a Starter for Cognitive Conflict in 

Online Science Learning: A Case of Circular Motion. Journal of Science 

Learning, 5(2), 242–249. https://doi.org/10.17509/jsl.v5i2.41191 

Paçacı, Ç., Üstün, U., & Özdemir, Ö. F. (2023). Effectiveness of Conceptual Change 

Strategies in Science Education: A Meta‐analysis. Journal of Research in 

Science Teaching, 61(6), 1263–1325. https://doi.org/10.1002/tea.21887 

Power, B. M. (2012). Enriching Students’ Intellectual Diet Through Inquiry-Based 

Learning. Libri, 62(4). https://doi.org/10.1515/libri-2012-0024 

Putri, C. R., Soleh, S. M., Saregar, A., Anugrah, A., & Susilowati, N. E. (2021). 

Bibliometric analysis: Augmented reality-based physics laboratory with 

VOSviewer software. In P. E., S. A., & D. U.A. (Ed.), IOP Conference Series: 

Earth and Environmental Science (Vol. 1796, Nomor 1). IOP Publishing Ltd. 

https://doi.org/10.1088/1742-6596/1796/1/012056 



Publisher: Physics Education Study Program, Faculty of Teacher Training and Education, Universitas Lampung in 

Collaboration with the Physical Society of Indonesia (PSI) 

Romli, et al. / Jurnal Pembelajaran Fisika, 13 (1), 2025, 1 - 17  16 

 

 
 
 

Rainey, K. D., Vignal, M., & Wilcox, B. R. (2020). Designing Upper-Division Thermal 

Physics Assessment Items Informed by Faculty Perspectives of Key Content 

Coverage. Physical Review Physics Education Research, 16(2). 

https://doi.org/10.1103/physrevphyseducres.16.020113 

Rumsariadi, R. F., Sari, S. Y., Hufri, H., & Dewi, W. S. (2023). Needs Analysis of the 

Discovery Learning Model in Physics Learning for Students. Department of 

Physics Universitas Negeri Padang, 1(3), 154–165. 

https://doi.org/10.24036/ple.v1i3.58 

Safitri, W., Budiarso, A. S., & Wahyuni, S. (2022). Uji Kelayakan E-LKPD Berbasis 

Problem Based Learning (PBL) Untuk Meningkatkan Keterampilan Proses Sains 

Siswa SMP. Jurnal Penelitian Pembelajaran Fisika, 13(1), 59–70. 

https://doi.org/10.26877/jp2f.v13i1.11389 

Samadun, S., Setiani, R., Dwikoranto, D., & Marsini, M. (2023). Effectiveness of 

Inquiry Learning Models to Improve Students’ Critical Thinking Ability. Ijorer 

International Journal of Recent Educational Research, 4(2), 203–212. 

https://doi.org/10.46245/ijorer.v4i2.277 

Sampson, V., Enderle, P., Grooms, J., & Witte, S. (2013). Writing to Learn by Learning 

to Write During the School Science Laboratory: Helping Middle and High 

School Students Develop Argumentative Writing Skills as They Learn Core 

Ideas. 

Science Education, 97(5), 643–670. https://doi.org/10.1002/sce.21069 

Şengül, Ö. (2019). Linking Scientific Literacy, Scientific Argumentation, and 

Democratic Citizenship. Universal Journal of Educational Research, 7(4), 1090–

1098. https://doi.org/10.13189/ujer.2019.070421 

Sesmiyanti, S., Antika, R., & Suharni, S. (2019). N-Gain Algorithm for Analysis of Basic 

Reading. https://doi.org/10.4108/eai.19-7-2019.2289527 

Stroupe, D., Caballero, M. D., & White, P. (2018). Fostering Students’ Epistemic 

Agency Through the Co‐configuration of Moth Research. Science Education, 

102(6), 1176–1200. https://doi.org/10.1002/sce.21469 

Suh, J. K., Hwang, J., Park, S., & Hand, B. (2022). Epistemic Orientation Toward 

Teaching Science for Knowledge Generation: Conceptualization and Validation 

of the Construct. Journal of Research in Science Teaching, 59(9), 1651–1691. 

https://doi.org/10.1002/tea.21769 

Sutoyo, S., Agustini, R., & Fikriyati, A. (2023). The Effectiveness of Online Critical 

Thinking Cycle Learning Model on Pre-Service Science Teachers’ Critical 

Thinking Skills. 1400–1409. https://doi.org/10.2991/978-2-494069-35-0_168 

Suyono, S. (2019). Inkuiri Terbimbing Untuk Meningkatkan Keterampilan Proses Sains 

Siswa Sekolah Menengah Atas. Jurnal Komunikasi Pendidikan, 3(2), 86. 

https://doi.org/10.32585/jkp.v3i2.299 

Syahgiah, L., Zan, A. M., & Asrizal, A. (2023). Effects of Inquiry Learning on 

Students’ Science Process Skills and Critical Thinking: A Meta-Analysis. Jipt, 

1(1), 16–28. https://doi.org/10.24036/jipt/vol1-iss1/9 



Publisher: Physics Education Study Program, Faculty of Teacher Training and Education, Universitas Lampung in 

Collaboration with the Physical Society of Indonesia (PSI) 

Romli, et al. / Jurnal Pembelajaran Fisika, 13 (1), 2025, 1 - 17  17 

 

 
 

Tabak, I. (2009). Journal of the Learning Synergy : A Complement to Emerging 

Patterns of Distributed Scaffolding. Journal of the Learning Sciences, November 

2014, 37–41. https://doi.org/10.1207/s15327809jls1303 

Waskita, N. D. H. I., Setiawan, B., & Mahdiannur, M. A. (2022). Problem-Based 

Learning Model Implementation to Improve Students’ Problem-Solving Skills. 

Jurnal Pijar Mipa, 17(4), 455–461. https://doi.org/10.29303/jpm.v17i4.3625 

Windschitl, M., Thompson, J., & Braaten, M. (2008). Beyond the scientific method: 

Model-based inquiry as a new paradigm of preference for school science 

investigations. Science Education, 92(5), 941–967. 

https://doi.org/10.1002/sce.20259 

 


