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 Mathematics learning in junior high schools still faces challenges in building active 
student engagement, deep conceptual understanding, and the application of 
technology during the learning process. This study aims to describe the 
transformation of the implementation of mathematics learning in junior high 
schools through the integration of interactive Student Worksheets (LKPD) and 
Virtual Reality (VR) based on the Deep Learning approach. The research employed 
a qualitative descriptive method, with data collected through classroom 
observations and interviews involving four classes of grade VII students and 
interviews with four grade VII mathematics teachers from four different junior high 
schools. Before implementation, all research instruments including the interactive 
LKPD, VR media assisted by Artsteps, observation sheets, and interview guidelines 
were validated by three experts in mathematics education and educational 
technology, and the results were categorized as very valid. Data were analyzed 
using the Miles and Huberman model, consisting of four stages: data collection, data 
reduction, data presentation, and conclusion drawing. The result of this study is 
that the application of the Deep Learning approach supported by interactive LKPD 
and VR media received a positive response from teachers and students. Interactive 
LKPD and VR Media effectively support the Deep Learning stages, namely (1) 
Introduction of material with context, (2) In-depth presentation of material, (3) 
Project-based assignments, (4) Discussion and collaboration, (5) In-depth 
reflection, (6) Provision of constructive feedback, (7) Competency-based 
assessment (8) Use of technology in learning, (9) Independent learning and self-
regulation, (10) Evaluation and development on an ongoing basis. The 
implementation of learning is in line with the principles of Deep Learning, namely 
knowledge connectedness, active involvement, critical and reflective thinking, 
problem-based learning, collaboration, and intrinsic motivation; and also in line 
with the Deep Learning learning experience, namely understanding, applying and 
reflecting. These results show that the integration of interactive LKPD and VR 
media can be an effective strategy to transform mathematics learning at the junior 
high school level. 
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A. INTRODUCTION  

Mathematical skills Mathematical skills are critical competencies for students’ daily lives 

including calculating savings, discerning profit, and loss, and estimating household costs like 

utilities (Kaya & Demirci, 2022; Sigus & Mädamürk, 2024). Improving mathematical skills can 
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be achieved through learning mathematics in elementary and secondary schools, as 

mathematical learning is deeply connected to human life (Kaya & Keşan, 2023; Pasani & Amelia, 

2025). Mathematics trains humans to think systematically, think rationally and logically. So that 

basic mathematical skills are one of the basic abilities that humans must have. However, 

mathematics is still considered difficult by junior high school students, as evidenced by the 

decline in national scores in PISA (The Programme for International Student Assessment) in 

2022. Based on PISA results, Indonesia's overall ranking decreased in 2022 compared to 2018. 

Where the PISA report found that the mathematics ability of students in 2015 was an average 

of 379, and in 2022 was an average of 366. Since 2015, Indonesia's mathematical ability has 

declined (The State of Learning and Equity in Education, 2023). 

Science and reading ability can be important factors in mathematics, and reading ability 

and mathematics are also important in scientific performance, as well as mathematics and 

science are also good factors in reading ability. Because of this, reading, mathematics and 

science skills are the items that will be tested by PISA (Nieto-Isidro & Martínez-Abad, 

2024).This interrelationship indicates that the three domains mutually reinforce each other. 

Reading literacy supports students’ ability to comprehend mathematical statements, word 

problems, and contextualized tasks, while science literacy strengthens the application of 

mathematical concepts in real-life phenomena and experimental reasoning. Therefore, 

improving reading and science literacy indirectly enhances students’ logical, analytical, and 

reflective thinking in mathematics. Based on this, the aspects assessed by PISA are reading 

literacy, mathematical literacy, and science literacy cognitive domains that educational systems 

consistently and systematically target (Arastaman et al., 2024; X. S. Wang et al., 2023). The 

evaluation of these literacies provides a comprehensive overview of how education systems 

cultivate students’ critical thinking, problem-solving, and scientific reasoning abilities relevant 

to daily life. 

The stimulus for developing students’ cognitive thinking skills can initially take the form of 

theoretical guidance, followed by practical, hands-on application within classroom learning 

(Blyznyuk & Kachak, 2024; Harris & Bacon, 2019). Therefore, a learning approach is needed 

that can include theoretical and practical thinking. The Deep Learning learning approach is one 

of the learning approaches that prioritises theory and practice. Deep Learning is a learning 

approach that focuses on deep understanding and connections between concepts and their 

application in the real world (Ramadan et al., 2025). 

Meaningful and deep learning not only focuses students on memorisation, but students are 

also asked to understand and apply this knowledge in their daily lives. Deep learning 

emphasizes meaningful learning by enabling students to explore, analyze, and connect 

mathematical concepts through engaging, student centered activities (Li, 2024; Suglo, 2024). 

The Deep Learning learning approach has three main components (Suyanto et al., 2025), 

namely meaningful, mindful, and joyful learning. The first component is Meaningful Learning 

to make a learning that will be understood deeply and comprehensively. The learning carried 

out enables students to have a network between material concepts that are connected to new 

and old phenomena, so that students can develop a deeper understanding. The second 

component is Mindful Learning. In the learning process, students are expected to develop 

awareness and active involvement during the teaching process. With the involvement of 



 Vita Istihapsari, Transformation of Junior High School...    1451 

 

 

students in the teaching and learning process, it will develop students' self-management to 

achieve academic and personal results. The third component is Joyful Learning, characterized 

by a teaching and learning process that is enjoyable and creates a sense of security boosting 

students’ motivation to engage enthusiastically with academic challenges (Adeyinka-Ojo et al., 

2025). 

To encourage learning transformation towards meaningful and deep learning, it is 

necessary to integrate innovative approaches with interactive learning media. One of them is 

the use of interactive LKPD that not only guides student learning activities but also facilitates 

independent and reflective exploration of concepts according to the principles of Deep Learning. 

The use of interactive e-worksheets in mathematics has been shown to enhance student 

motivation and comprehension (Sari et al., 2024). Interactive LKPD is a form of learning tool 

innovation designed to increase the effectiveness of the teaching and learning process. The 

interactive LKPD developed in mathematics subjects can significantly improve students' 

problem-solving skills and learning independence. This is in line with the principle of the Deep 

Learning approach, where students are required to build connections between concepts and 

reflect on their knowledge through active, meaningful, and fun learning activities. 

The use of technology in mathematics learning can also strengthen the learning process by 

providing a new learning experience using a deep learning approach (Nugroho et al., 2025). 

Technology that can be used as a learning support with a Deep Learning approach is Virtual 

Reality. With the use of virtual reality in the learning process, virtual learning materials can be 

displayed in real time on the device in use (Liu et al., 2025). The use of VR technology in 

mathematics learning can provide an in-depth, interactive, focused, and imaginative learning 

experience to increase students' mathematical creativity (Hidajat, 2024). The use of Virtual 

Reality (VR) technology has received positive student responses because VR can render 

dynamic virtual environments in real time immersing learners in engaging pseudo-worlds that 

make education more interesting (Hsu et al., 2025; Lin et al., 2024). 

One of the topics of mathematics learning in junior high school is development. Geometry 

is one of the fields of mathematical material that is large enough to be studied, which contains 

points, lines, and planes (Pujiastuti & Haryadi, 2024).  Learning about the topic of regeneration 

is one of the mathematics learning topics that, at first glance, is easy, but in its implementation, 

there are still students who have not been able to solve the problem of regeneration properly. 

The cause of students who do not master the curriculum material is due to the use of 

inappropriate methods. Often, teachers only refer to memorising formulas and override the 

understanding of basic concepts from wholeness (Hussein & Csíkos, 2023; Östergren et al., 

2024). 

Previous research has identified several factors that hinder students’ mathematical 

learning: insufficient thoroughness in reading and understanding problem statements, limited 

spatial reasoning abilities, and an overreliance on worked examples, all of which impede 

genuine conceptual comprehension (Douglas et al., 2025; Duffy et al., 2024). This is in line with 

the results of observations and interviews with mathematics teachers regarding the 

implementation of mathematics learning in one of the junior high schools, where it was found 

that students experienced difficulties in building materials. Students have difficulty in 

imagining the form of coexistence and understanding the basic concept of coexistence; there 
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has not been a significant transformation in the implementation of mathematics learning in the 

classroom. The results of interviews with students found that the implementation of learning 

was also boring because teachers only lectured during learning, and the lack of use of learning 

media that supported the delivery of material about learning material.  

Based on the difficulties experienced by students, it is necessary to develop innovations in 

learning, especially in the topic of regeneration in junior high school students. This innovation 

can be realised through learning transformation that integrates cutting-edge approaches and 

interactive learning media. One form of transformation is the use of an ethnomathematical 

approach through virtual reality (VR) technology to teach cooperative living in junior high 

school (Bertrand et al., 2024). VR has become one of the keywords among educators over the 

past few years, because the tools used every year are becoming more affordable and the quality 

is getting better (Alizadeh, 2019). In addition, learning transformation can also be strengthened 

using interactive LKPD that is contextually designed and encourages independent exploration 

and student activity. Several studies have tested the use of learning media using technology and 

separate learning approaches. However, there has been no research that integrates Deep 

Learning approaches, technology-based media such as VR, and interactive LKPD in 

mathematics learning.  

The novelty of this research lies in the focus on the application of deep learning approaches 

and the use of VR technology in mathematics learning, especially on the topic of development, 

which is combined with interactive LKPD as the main supporting media for junior high school 

students. This study describes how mathematics learning on the topic of awakening uses a Deep 

Learning approach and is collaborated with the use of interactive LKPD and Virtual reality (VR) 

learning media assisted by the Artsteps application, which makes learning as if it is in the real 

world through virtual simulation. 

 

B. METHODS 

This research is a qualitative descriptive research. Qualitative research is research taken 

from natural language to understand individual experiences specifically and meaningfully 

(Sevilla-Liu, 2023). This study describes the application of the Deep Learning approach and the 

use of interactive LKPD and Virtual Reality-based learning media on the topic of awakening. 

This qualitative descriptive method presents the results of the research by describing the 

results of measurement tools in the form of written tests and interviews. 

The subject of this study is junior high school grade VII students with a total of 4 classes. 

Each class consists of approximately 20 to 30 students. Data collection techniques use 

observation and interviews. Prior to data collection, the research instruments including the 

interactive LKPD, VR media assisted by Artsteps, observation sheets, and interview guidelines 

were validated by three experts in mathematics education and educational technology. The 

validators assessed the instruments in terms of content accuracy, construct relevance, language 

clarity, and usability. Each instrument was rated using a four-point likert scale, and the average 

validity score was categorized as very valid, indicating that the instruments were suitable for 

data collection. The observations were conducted using a non-structured participatory 

approach, in which the researcher was directly involved in classroom activities to observe the 

implementation of interactive LKPD and VR media. The interviews were semi-structured, 
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allowing the researcher to explore teachers’ and students’ perspectives when learning 

mathematics using a deep learning approach by integrating interactive LKPD and Virtual 

Reality (VR). The data analysis used in this study is the Miles and Huberman model. There are 

four stages of data analysis, namely data collection, data reduction, data presentation, and 

conclusion drawing (Hendrawan et al., 2022). The following is a flowchart of the data analysis 

stage, as shown in Figure 1. 

 

 
Figure 1.  Flowchart of data analysis stages according to Miles and Huberman 

 

C. RESULT AND DISCUSSION 

In this study, we discuss the picture of mathematics learning with a Deep Learning 

approach assisted by interactive LKPD and Virtual Reality (VR)-based learning media. Before 

the learning was carried out, the researcher conducted interviews with 4 grade VII 

mathematics teachers from 4 different schools. Grade VII mathematics teachers always make 

learning tools before learning; this is in line with what teacher A said.  

"A teacher, before teaching, must indeed prepare learning tools which are usually compiled 

together in the meeting forum for the preparation of learning tools at the beginning of the 

semester, because indeed teachers must lower Learning Outcomes to Learning Objectives to 

know the achievement of learning".  

 

This is also supported by teacher C, who said:  

"Ideally, learning tools are arranged at the beginning of the semester, but there are indeed 

some that are arranged precisely when learning takes place". 

 

In the preparation of learning tools, especially the Teaching Module, of course, teachers 

have prepared an overview of the learning that will be carried out by considering strategies 

that are in accordance with learning, starting from methods, models, approaches, assessments, 
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or media that will be used. Through the preparation of learning plans, teachers become 

proficient in identifying the needs of students and optimising learning (Acquah et al., 2024). 

The activity of a teacher in preparing a lesson plan by paying attention to several aspects and 

building students' ideas is very important (Yan & Goh, 2023). 

The existence of PISA in the world of education makes it urgent for literacy in reading, 

mathematics, and science. In optimising these abilities, the provision of theoretical, practical, 

and in-depth learning can be carried out by teaching staff. Therefore, as an educator, it is 

expected to be able to adjust the learning carried out using an approach that makes learning 

more theoretical, practical, and in-depth, such as the Deep Learning approach. This Deep 

Learning approach is still less popular among educators. Therefore, before learning with the 

Deep Learning approach. So, teachers should understand Deep Learning. The following 

statement from Teacher B:  

"Learning with the Deep Learning approach that I know is deep learning, as the name implies, 

for the stages I don't know in detail" 

 

This is supported by the statement from Teacher D, namely:  

"All I know is an approach that provides in-depth learning to students" 

 

Based on this, teachers already know about the Deep Learning approach, even though it is 

only the basic concept. To support the implementation of the Deep Learning approach, teachers 

can also use interactive LKPD and learning media that are in accordance with the Deep Learning 

approach that provide theoretical, practical, and in-depth learning, such as Virtual Reality (VR). 

However, Teacher D said that the use of LKPD so far is not LKPD, which contains steps in the 

learning process that are scaffolding for students, but LKPD, which only contains practice 

questions. Interactive LKPD is integrated into the learning process and used to help students 

master the material and achieve certain learning goals (Olena et al., 2022). The use of 

technological media in the form of VR has also never been done in mathematics learning, 

precisely in the same material by Teacher D. in recent years, VR technology has emerged as a 

promising technology in changes in the field of education (Liu et al., 2025).  

The use of Virtual Reality (VR) technology in mathematics learning, especially the topic of 

awakening, uses the Artsteps application. Because Artsteps is an application that can make the 

virtual world like an exhibition in the real world. This interactive LKPD and Virtual Reality (VR)-

based learning media contains all learning stages that are adjusted to the Deep Learning 

approach on the topic of class VII rejuvenation. Before the LKPD and learning media were 

implemented, the researcher provided an opportunity for teachers to give their opinions 

regarding LKPD and Virtual Reality (VR)-based learning media in mathematics learning, with 

the topic of cohesion. Based on the opinions expressed by Teachers A-D, they gave a positive 

response regarding interactive LKPD and VR-based learning media. For them, interactive LKPD 

integrated with the use of VR in learning provides a new learning experience for students. 

However, the content presented can be further developed. The interactive LKPD and its 

learning media are also at the Deep Learning stage. 

The deep learning approach has 3 principles, namely prioritising mindful, meaningful and 

joyful in line with the implementation of the Independent Curriculum (Fatihah & Wiji, 2025). 
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The mindful principle emphasises that students have awareness of the importance of the 

material to be discussed. The principle of meaningful learning makes students apply learning 

materials to the phenomena of life around the student body. Meanwhile, the joyful principle 

makes the learning atmosphere fun and provides a sense of pleasure so that students can 

understand, remember, and apply the learning material well. 

The principle of Deep Learning will be able to honour teachers, students, and other 

stakeholders and provide 3 learning experiences, namely understanding, applying, and 

reflecting (Suyanto et al., 2025). This learning experience is contained in order in the interactive 

LKPD. At the understanding stage, students are asked to be active in understanding knowledge 

in depth on concepts and materials from various sources. The second stage is to apply; at this 

stage, students can apply their knowledge in a real life context. The final stage is reflection, 

during which students evaluate and interpret both the process and outcomes of their real-

world mathematical practices (Hoffman et al., 2024). In this study, the application of deep 

learning learning is carried out using deep learning principles and experiences supported by 

interactive LKPD and the use of VR in it. The following is a flowchart of the learning material 

that is carried out using the principles and experiences of Deep Learning learning, as shown in 

Figure 2. 

 

 
Figure 2. Flowchart of Deep Learning Stages with the Help of Interactive LKPD and VR 

 

Based on the flowchart in Figure 2 describes the learning flow based on a deep learning 

approach through the integration of interactive LKPD and VR in understanding the concept of 

togetherness in junior high school. Learning with a Deep Learning approach assisted by 

interactive LKPD and VR-based learning media began with the opening of learning as usual, 

using greetings, prayers, and the delivery of learning objectives. Teachers provide interactive 

LKPD that not only presents practice questions, but also in the form of a series of activities that 

guide students to explore, apply, and reflect on their understanding. This interactive LKPD 
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plays an important role in building active involvement and critical thinking of students through 

structured and contextual activities (Harahap et al., 2022). In exploring, understanding, and 

applying the concept of development, assisted by the existence of VR media. Starter questions 

are often used by teachers to direct students to the material to be studied.  

The core activity includes three learning experiences from the deep learning approach, 

namely understanding, applying, and reflecting. The first learning experience is to understand. 

This stage of understanding builds students' understanding of the concept of coexistence in a 

concrete and visual way.  This is in accordance with one of the principles of deep learning, 

namely mindfulness. The learning carried out makes students understand deeply. Teachers can 

open learning by asking students about their experiences related to similar forms, such as 

shadows, miniatures, and enlarged photos. The delivery of the concept of development, in 

addition to using verbal methods, can also use visuals to better build a representation of the 

information that will be conveyed (Zhang et al., 2025). The use of visual aids such as pictures 

can improve the understanding of text material better than just verbal explanations 

(Emirmustafaoğlu & Gökmen, 2015).  

The use of VR at this stage is carried out by inviting students to explore the virtual world, 

which displays various flat buildings and spaces in the form of recreation through Artsteps 

software. By using VR, students can rotate objects, measure sides, and compare angles to see 

the development. The use of Artsteps allows users to create custom VR spaces and acquire 

hyperlinks, the ability to chat with other users and share content on social media (Vital et al., 

2023). By using VR, a 3D representation becomes a complete representation of the real world 

or objects within it (Farshid et al., 2018). Artsteps presents VR in the form of a virtual exhibition 

that can be used as a learning tool (Sylaiou et al., 2024). In this learning experience, students 

are asked to discuss in groups the characteristics of waking up based on their experience in VR. 

This stage divides students into several groups. 

The next learning experience is to apply; it is hoped that students will be able to use the 

concept of coexistence to solve problems. Activities that can be carried out are case studies and 

project-based assignments. In the case study, students were asked to enter a VR scenario by 

measuring the height of the building based on the shadow of a tree whose height is known. In 

project-based assignments, students are asked to present how the concept of coexistence is 

applied in the real world. This is by the principle of deep learning, namely mindful, that is, the 

learning created must provide experiences to students that emphasise the importance of the 

material given. Project-based learning engages learners in tasks that concern implementation 

in life (Chen & Yang, 2019). Thus, it can be said that project-based learning is a solution to solve 

problems in the real world (Kłeczek et al., 2020). Using project assignments can encourage 

learners in soft skills such as problem-solving, critical thinking, and cooperation (Wu et al., 

2025). So that learning does not seem boring, students are given several supporting 

impressions in the form of videos to explore the project. This is in accordance with one of the 

principles of deep learning, namely joyful learning. Where the implementation of learning 

creates a sense of security and calm. 

The last learning experience is reflecting, students are expected to evaluate the learning 

process and outcomes to deepen their understanding. The activity carried out was that students 

were asked to write down their understanding of development. To conduct an evaluation 
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related to learning, students are asked to make short videos about awakening in daily life. 

Followed by the provision of constructive feedback by teachers as motivation and 

encouragement to improve the results that have been obtained. Do not forget that teachers 

make assessments related to the competencies of students' practical skills through the 

psychomotor rubik's cube. At the stage of independent learning and self-regulation, teachers 

give project assignments independently to encourage students in learning independently. The 

last stage is evaluation in the form of independent quizzes, and for continuous development in 

the form of reflection on learning that has been carried out with satisfaction surveys and digital 

teacher performance evaluations.  

Based on observations made on the implementation of learning with a Deep Learning 

approach by integrating interactive LKPD and VR-based learning media, students responded 

well to learning with a Deep Learning approach assisted by interactive LKPD and VR technology. 

This is as expressed by the grade VII mathematics teacher that students show an enthusiastic 

attitude when participating in learning, and students also actively participate in the learning. 

Group cooperation also went well, and of course, in addition to theoretical learning, in practice, 

students were also taught about the use of media. Interactive LKPD-assisted learning and 

Virtual Reality also provide students get a new learning experience, and the content presented 

is interesting, so that students follow learning comfortably and carefully.  

The implementation of learning is by the principles of deep learning learning, namely 

knowledge connectivity, active engagement, critical and reflective thinking, problem-based 

learning, collaboration, and intrinsic motivation (Ramadan et al., 2025). Knowledge 

connectivity is characterised by the relationship between knowledge about coexistence and 

previous material, such as algebraic forms and integers, that can be used in calculating angles 

in coexistence. The active involvement of students is indicated by the participation of grade VII 

students in the activeness of students in learning in responding to learning, and the activeness 

of participants in following the teacher's direction. There is currently an increase in the demand 

for mathematics teachers to foster student-centred learning (Avishai et al., 2025). 

Advanced learning is needed to develop students' competencies, such as in-depth mastery 

of challenging content, critical thinking, complex problem-solving, communication and 

collaboration (Darling-Hammond et al., 2017). By learning in the 21st century focuses on 

creativity, innovation, critical thinking, problem-solving, communication and collaboration 

(Keiler, 2018). The achievement of 21st-century skills is essential, so teachers are expected to 

create activities that match those skills (Sjølie et al., 2021).  

Collaboration between students in discussing various ideas is an important aspect of 

mathematics learning (Kooloos et al., 2023). Collaborative learning is a valuable educational 

approach that is often used to promote such collaborative skills (Sjølie et al., 2021). Critical 

thinking skills in learning are aimed at when student’s complete projects given by teachers 

related to solving problems of building materials. Students who have critical thinking skills can 

complete reasonable assessments and evaluations (Zhang et al., 2025). With the development 

of existing technology, it triggers students to think more critically in analysing knowledge 

(Abbasi-Sosfadi et al., 2025). 

Besides critical thinking, the principle of deep learning is problem-based learning. In this 

case, students are presented with a problem at the time of making the project. Problem-solving 
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skills in problem-solving are one of the important skills in higher-level thinking (Koçoğlu & 

Kanadlı, 2025).  Students' motivation in participating in problem-solving tasks is driven by 

students' confidence to succeed in a task (Pan et al., 2025).  So that better project completion 

ideas are obtained due to the high motivation of students (Pucher & Lehner, 2011).  

The next principle is intrinsic motivation, as an educators, teachers can build students' 

motivation in participating in learning.  Intrinsic motivation can be said to be the learners have 

their intrinsic tendency to learn new things (Fidan & Oztürk, 2015). Intrinsic motivation itself 

can be useful in improving speech accuracy by creating a positive learning environment, 

increasing student efficacy, and encouraging practice in communicating (W. Wang et al., 2024). 

In this study, teachers build student motivation by using the use of technology that students 

have never used in learning, namely VR.  As has been researched by the Ukrainian government, 

the use of virtual simulation technology is practical and effective in increasing the creativity 

and motivation of students (Rizki et al., 2025) .  

Based on the researcher's observations of students in grades A-D, that students followed 

learning from beginning to end with enthusiasm. This is shown by students actively 

participating in learning, and all stages of learning are well followed. When using interactive 

LKPD and Virtual Reality (VR) learning media, students are curious because their use is still 

new among students, especially when it is used in mathematics learning. This is supported by 

statements from students that they often find Virtual Reality (VR) technology in games, but 

currently the use of virtual reality can be used in learning. Moreover, in mathematics learning, 

many students find it difficult and boring. Students also revealed that they usually complete 

LKPD, whose content is questions that they must work on; now they feel happy with the 

interactive LKPD that helps them in guiding the learning process from start to finish. With the 

integration of interactive LKPD and Virtual Reality (VR) technology media in learning, the 

learning is made more interesting and engaging.  

The statement is in accordance with research conducted by Alhazzaa & Yan (2025) on the 

use of interactive LKPD, AR and VR technology to increase student involvement and 

understanding in the teaching and learning process and be more effective for communication 

and visuals. And the involvement of VR and AR technology can be a solution in optimising 

learning outcomes. In line with that, VR is a viable tool, and it provides a safe, engaging, and 

controlled environment for learners. Learners can apply theoretical knowledge to real-world 

scenarios and think critically (Gårdling et al., 2025). This is also supported by Zhan et al. (2024) 

that the use of VR improves student learning performance and makes the classroom more 

student-centred, students become active, innovative, and interactive to achieve deeper learning. 

This is by the application of the Deep Learning learning approach. Deep learning can improve 

attention, concentration levels, and academic effort (Zhao, 2022).For the success of the use of 

technology in the world of education, moreover, the use of VR in learning is still not popular 

among teachers. The importance of equipping educators with the knowledge and skills in 

utilising VR in improving learning (Elhambakhsh et al., 2024).  

 

 

 

 



 Vita Istihapsari, Transformation of Junior High School...    1459 

 

 

D. CONCLUSION AND SUGGESTIONS 

Based on research conducted related to the application of the Deep Learning approach by 

integrating interactive LKPD and Virtual Reality (VR) learning media, it was found that: (1) The 

application of the Deep Learning approach to mathematics learning, especially the regenerative 

material, received a positive response from both teachers and students, as seen from the results 

of observations and interviews with teachers and students; (2) The integration of interactive 

LKPD and Virtual Reality (VR) technology-based learning media can make students more active, 

independent and enthusiastic through learning experiences ranging from understanding, 

applying and reflecting; (3) The integration of interactive LKPD and Virtual Reality-based 

learning media is also adjusted to the learning stages with a Deep Learning approach and Deep 

Learning learning principles, namely mindful, meaningful and joyful learning; and (4) Further 

research related to this research is expected to be able to describe the learning process in more 

detail using the Deep Learning approach.  

In theoretical terms, this research reinforces the concept of deep learning within 

mathematics education by demonstrating that the approach can be effectively implemented 

through the combination of digital media and interactive worksheets. In practical terms, the 

findings provide guidance for teachers in designing learning activities that foster active 

engagement, reflective thinking, and conceptual understanding through the integration of VR 

media and interactive LKPD. This approach also supports the implementation of the Indonesian 

Merdeka Curriculum, which emphasizes meaningful, project-based, and student-centered 

learning aligned with 21st-century competencies. 

 

ACKNOWLEDGEMENT 

The author would like to thank all parties who have provided support in the implementation of 

this research, especially teachers and junior high school students who have actively 

participated, as well as institutions that have facilitated learning activities. 

 

REFERENCES 

Abbasi-Sosfadi, S., Davoudi, M., Amirian, S. M. R., & Zareian, G. (2025). Development and validation of the 
critical thinking in academic reading scale for english language teaching students (CTARS-ELT). 
Thinking Skills and Creativity, 56, 101776. https://doi.org/10.1016/j.tsc.2025.101776 

Acquah, B. Y. S., Arthur, F., Salifu, I., Quayson, E., & Nortey, S. A. (2024). Preservice teachers’ behavioural 
intention to use artificial intelligence in lesson planning: A dual-staged PLS-SEM-ANN approach. 
Computers and Education: Artificial Intelligence, 7,100307. 
https://doi.org/10.1016/j.caeai.2024.100307 

Adeyinka-Ojo, S., Ying, N. I., Schellini, M., Amatya, D. G., & Imam, A. M. (2025). Developing joyful learning 
pedagogy to cultivate students’ leadership skills. Humanities & Social Sciences Communications. 
1, 6652888 https://doi.org/10.21203/rs.3.rs-6652888/v1 

Alhazzaa, K., & Yan, W. (2025). Immersive technologies in Education: Exploring user experience and 
engagement in building energy simulations through AR and VR. Computers and Education: X 
Reality, 6, i100097. https://doi.org/10.1016/j.cexr.2025.100097 

Alizadeh, M. (2019). Virtual Reality in the Language Classroom: Theory and Practice. Computer-Assisted 
Language Learning Electronic Journal, 20(3), 21–30. 
https://doi.org/https://callej.org/index.php/journal/article/view/280 

Arastaman, G., Bulus, M., Kontaş, H., & Özcan, B. (2024). Understanding the role of cognitive constructs 
employed in reading in global math and science achievement. Frontiers in Psychology, 15, 
1470977. https://doi.org/10.3389/fpsyg.2024.1470977 



1460  |  JTAM (Jurnal Teori dan Aplikasi Matematika) | Vol. 10, No. 1, January 2026, pp. 1449-1463 

 
 

Avishai, T., Palatnik, A., & Ben-David Kolikant, Y. (2025). Amplifiers and filters in teacher learning of 
student-centered mathematics instruction. Teaching and Teacher Education, 156, 104943.  
https://doi.org/10.1016/j.tate.2025.104943 

Bertrand, M. G., Sezer, H. B., & Namukasa, I. K. (2024). Exploring AR and VR tools in mathematics 
education through culturally responsive pedagogies. Digital Experiences in Mathematics 
Education, 10(3), 462–486. https://doi.org/10.1007/s40751-024-00152-x 

Bima Hendrawan, G., Marlina, R., Singaperbangsa Karawang, U., Ronggo Waluyo, J. H., Telukjambe Timur, 
K., & Barat, J. (2022). Persepsi siswa terhadap penggunaan game edukasi digital pada 
pembelajaran matematika. Jurnal Pembelajaran Matematika Inovatif, 5(2), 395-404. 
https://doi.org/10.22460/jpmi.v5i2.395-404 

Blyznyuk, T., & Kachak, T. (2024). Benefits of interactive learning for students’ critical thinking skills 
improvement. Journal of Vasyl Stefanyk Precarpathian National University, 11(1), 94–102. 
https://doi.org/10.15330/jpnu.11.1.94-102 

Chen, C. H., & Yang, Y. C. (2019). Revisiting the effects of project-based learning on students’ academic 
achievement: A meta-analysis investigating moderators. In Educational Research Review (Vol. 
26, pp. 71–81). Elsevier Ltd. https://doi.org/10.1016/j.edurev.2018.11.001 

Darling-Hammond, L., Hyler, M. E., & Gardner, M. (2017). Effective Teacher Professional Development. 
https://ies.ed.gov/ncee/wwc/Study/86084 

Douglas, G. P., Hardy, A. M., MacLean, K. B., & Powell, S. R. (2025). “More” Effective ways to solve word 
problems. The Reading Teacher, 79(2), 70022. https://doi.org/10.1002/trtr.70022 

Duffy, G., Sorby, S., & Bowe, B. (2024). Exploring the role of spatial ability in the mental representation 
of word problems in mathematics. Frontiers in Education, 9,1346474.  
https://doi.org/10.3389/feduc.2024.1346474 

Elhambakhsh, S. E., Neysani, M., & Nikbakht, A. (2024). Exploring L2 educators’ training and professional 
development needs in VR English language learning. Heliyon, 10(17), e36700. 
https://doi.org/10.1016/j.heliyon.2024.e36700 

Emirmustafaoğlu, A., & Gökmen, D. U. (2015). The effects of picture vs. translation mediated instruction 
on L2 vocabulary learning. Procedia - Social and Behavioral Sciences, 199(07.559), 357–362. 
https://doi.org/10.1016/j.sbspro.2015.07.559 

Farshid, M., Paschen, J., Eriksson, T., & Kietzmann, J. (2018). Go boldly!: Explore augmented reality (AR), 
virtual reality (VR), and mixed reality (MR) for business. Business Horizons, 61(5). 657–663). 
Elsevier Ltd. https://doi.org/10.1016/j.bushor.2018.05.009 

Fatihah, W., & Wiji. (2025). Penerapan deep learning berbasis STEAM pada pokok bahasan polimer 
implementation of STEAM-Based Deep Learning on polymer topics. Jurnal Riset Dan Praktik 
Pendidikan Kimia, 13(1), 4. 
https://ejournal.upi.edu/index.php/JPPPK/article/view/81061/30586 

Fidan, T., & Oztürk, I. (2015). The relationship of the creativity of public and private school teachers to 
their intrinsic motivation and the school climate for innovation. Procedia - Social and Behavioral 
Sciences, 195(06.370), 905–914. https://doi.org/10.1016/j.sbspro.2015.06.370 

Gårdling, J., Viseu, C., Hettinger, E., Jildenstål, P., & Augustinsson, A. (2025). The effects of virtual reality 
(VR) on clinical skills training in undergraduate radiography education: A systematic review. 
Radiography, 31(3), 102911. https://doi.org/10.1016/j.radi.2025.102911 

Harahap, Z. I. S., Dewi, I., & Khairani, N. (2022). Development of interactive student worksheets in 
mathematics learning to increase problem solving ability and learning independence of 
students of MTsN 2 Labuhanbatu. Journal of Education and Practice, 13(8), 36-41. 
https://doi.org/10.7176/jep/13-8-05 

Harris, N. A., & Bacon, C. E. W. (2019). Developing cognitive skills through active learning: A systematic 
review of health care professions. Athletic Training Education Journal, 14(2), 135–148. 
https://doi.org/10.4085/1402135 

Hidajat, F. A. (2024). Effectiveness of virtual reality application technology for mathematical creativity. 
Computers in Human Behavior Reports, 16, 100528. 
https://doi.org/10.1016/j.chbr.2024.100528 

Hoffman, K., Williams, T. H., & Kephart, K. (2024). The Use of Guided Reflections in Learning Proof 
Writing. Education Sciences, 14(10), 1084. https://doi.org/10.3390/educsci14101084 



 Vita Istihapsari, Transformation of Junior High School...    1461 

 

 

Hsu, T.-C., Wen, W.-N., Liao, C.-S., Tu, Y.-F., & Lee, M.-J. (2025). Virtual reality in P-12 education for 
improving presence, immersion, and 4C skills: A systematic review of empirical research. 
Thinking Skills and Creativity, 58, 101918. https://doi.org/10.1016/j.tsc.2025.101918 

Hussein, Y. F., & Csíkos, C. (2023). The effect of teaching conceptual knowledge on students’ achievement, 
anxiety about, and attitude toward mathematics. Eurasia Journal of Mathematics, Science and 
Technology Education, 19(2), em2226. https://doi.org/10.29333/ejmste/12938 

Kaya, D., & KEŞAN, C. (2023). The connection of mathematics with real-life situations: preservice 
elementary mathematics teachers’ perceptions of creating and evaluating story problems. 
International Online Journal of Primary Education, 12(2), 118–135. 
https://doi.org/10.55020/iojpe.1135191 

Kaya, T. B., & Demirci, S. Ç. (2022). Examination of the estimation skills and strategies of pre-service 
elementary mathematics teachers. International Journal of Research in Education and Science, 
8(2), 243–261. https://doi.org/10.46328/ijres.2897 

Keiler, L. S. (2018). Teachers’ roles and identities in student-centered classrooms. International Journal 
of STEM Education, 5(1), 34. https://doi.org/10.1186/s40594-018-0131-6 

Kłeczek, R., Hajdas, M., & Wrona, S. (2020). Wicked problems and project-based learning: Value-in-use 
approach. International Journal of Management Education, 18(1), 100324. 
https://doi.org/10.1016/j.ijme.2019.100324 

Koçoğlu, A., & Kanadlı, S. (2025). The effect of problem-based learning approach on learning outcomes: 
A second-order meta-analysis study. Educational Research Review, 100690. 
https://doi.org/10.1016/j.edurev.2025.100690 

Kooloos, C., Oolbekkink-Marchand, H., Kaenders, R., & Heckman, G. (2023). Developing mathematical 
whole-class discussions: An exploratory study of teachers’ learning paths. Teaching and Teacher 
Education, 134, 104257. https://doi.org/10.1016/j.tate.2023.104257 

Li, Z. (2024). Applications of deep learning in mathematics education: A review. Applied and 
Computational Engineering, 71(1), 113–118. https://doi.org/10.54254/2755-
2721/71/20241644 

Lin, X. P., Li, B. Bin, Yao, Z. N., Yang, Z., & Zhang, M. (2024). The impact of virtual reality on student 
engagement in the classroom–a critical review of the literature. In Frontiers in Psychology 15, 
1360547. Frontiers Media SA. https://doi.org/10.3389/fpsyg.2024.1360574 

Liu, C., Meng, S., Zheng, W., & Zhou, Z. (2025). Research on the impact of immersive virtual reality 
classroom on student experience and concentration. Virtual Reality, 29(2), 29–82. 
https://doi.org/10.1007/s10055-025-01153-w 

Liu, J. B., Ang, M. C., Chaw, J. K., Kor, A. L., Ng, K. W., & Lam, M. C. (2025). Assessing the impact and 
development of immersive VR technology in education: Insights from telepresence, emotion, 
and cognition. Technological Forecasting and Social Change, 213, 124024. 
https://doi.org/10.1016/j.techfore.2025.124024 

Nieto-Isidro, S., & Martínez-Abad, F. (2024). PISA Maths-Reading index and its relationship with gender 
and levels of performance. International Journal of Educational Research, 127, 102440. 
https://doi.org/10.1016/j.ijer.2024.102440 

Östergren, R., Träff, U., Elofsson, J., Hesser, H., & Samuelsson, J. (2024). Memorization versus conceptual 
practice with number combinations: their effects on second graders with different types of 
mathematical learning difficulties. Scandinavian Journal of Educational Research, 68(6), 1155–
1170. https://doi.org/10.1080/00313831.2023.2211983 

Pan, Y., Shao, X., & Shakibaei, G. (2025). Influence of digital game-based learning on social collaboration, 
problem-solving skills, and motivation: An integrative approach of expectancy-value theory and 
flow theory. Learning and Motivation, 90, 102123. 
https://doi.org/10.1016/j.lmot.2025.102123 

Pasani, C. F., & Amelia, R. (2025). Smart Mobile Technologies in Math Education: Improving Elementary 
Students’ Mathematical Communication Skills. International Journal of Interactive Mobile 
Technologies , 19(7), 159–177. https://doi.org/10.3991/ijim.v19i07.48377 

Prasetyo Adi Nugroho, Muhammad Lutfi, Moh. Badrus Sholeh Arif, Fahimatul Anis, Elvin Cahyanita, 
Nindya Nurdianasari, Nurhasanah, Trapsila Siwi Hutami, Naomi Dias Laksita Dewi, Vivi 



1462  |  JTAM (Jurnal Teori dan Aplikasi Matematika) | Vol. 10, No. 1, January 2026, pp. 1449-1463 

 
 

Darmayanti, Nora Sara Damayanti, & Weldy Nugroho Detagory. (2025). Deep Learning dalam 
Pembelajaran di Sekolah Dasar (1st ed.). Edupublisher. 

Pucher, R., & Lehner, M. (2011). Project Based Learning in Computer Science - A review of more than 
500 projects. Procedia - Social and Behavioral Sciences, 29(11.398). 1561–1566. 
https://doi.org/10.1016/j.sbspro.2011.11.398 

Pujiastuti, H., & Haryadi, R. (2024). The Effectiveness of Using Augmented Reality on the Geometry 
Thinking Ability of Junior High School Students. Procedia Computer Science, 234, 1738–1745. 
https://doi.org/10.1016/j.procs.2024.03.180 

Rizki, I. A., Mirsa, F. R., Islamiyah, A. N., Saputri, A. D., Ramadani, R., & Habibbulloh, M. (2025). 
Ethnoscience-enhanced physics virtual simulation and augmented reality with inquiry learning: 
Impact on students’ creativity and motivation. Thinking Skills and Creativity, 57, 101864. 
https://doi.org/10.1016/j.tsc.2025.101846 

Sari, R. N., Rosjanuardi, R., Herman, T., Isharyadi, R., & Balkist, P. S. (2024). Development of mathematics 
interactive e-worksheet. Technology, Engineering & Mathematics (EPSTEM), 28, 317–325. 
https://doi.org/10.55549/epstem.1521959 

Sevilla-Liu, A. (2023). The theoretical basis of a functional-descriptive approach to qualitative research 
in CBS: With a focus on narrative analysis and practice. Journal of Contextual Behavioral Science, 
30(11.001), 210–216. https://doi.org/10.1016/j.jcbs.2023.11.001 

Sigus, H., & Mädamürk, K. (2024). Context matters: the importance of extra-mathematical knowledge in 
solving mathematical problems. Frontiers in Education, 9, 1334034. 
https://doi.org/10.3389/feduc.2024.1334034 

Sjølie, E., Strømme, A., & Boks-Vlemmix, J. (2021). Team-skills training and real-time facilitation as a 
means for developing student teachers’ learning of collaboration. Teaching and Teacher 
Education, 107, 103477. https://doi.org/10.1016/j.tate.2021.103477 

Suglo, E. (2024). Exploring the Impact of Deep Learning Activities in the Mathematics Classroom on 
Students’ Academic Performance: A Comprehensive Study. 
https://doi.org/10.20944/preprints202403.1551.v1 

Suyanto, Saukah, A., Seta, A. K., Soehendro, B., Suryadi, B., Suharwoto, G., & Iskandar, H. (2025). 
Pembelajaran Mendalam Menuju Pendidikan Bermutu Untuk Semua. 
https://kurikulum.kemdikbud.go.id/file/1741963991_manage_file.pdf 

Sylaiou, S., Dafiotis, P., Koukopoulos, D., Koukoulis, C., Vital, R., Antoniou, A., & Fidas, C. (2024). From 
physical to virtual art exhibitions and beyond: Survey and some issues for consideration for the 
metaverse. In Journal of Cultural Heritage (Vol. 66, pp. 86–98). Elsevier Masson s.r.l. 
https://doi.org/10.1016/j.culher.2023.11.002 

The State of Learning and Equity in Education. (2023). PISA 2022 Results (Volume I). OECD. 
https://doi.org/10.1787/53f23881-en 

Vital, R., Sylaiou, S., Koukopoulos, D., Koukoulis, K., Dafiotis, P., & Fidas, C. (2023). Comparison of 
extended reality platforms and tools for viewing and exhibiting art. Digital Applications in 
Archaeology and Cultural Heritage, 31, e00298. https://doi.org/10.1016/j.daach.2023.e00298 

Wang, W., Rezaei, Y. M., & Izadpanah, S. (2024). Speaking accuracy and fluency among EFL learners: The 
role of creative thinking, emotional intelligence, and academic enthusiasm. Heliyon, 10(18), 
e37620. https://doi.org/10.1016/j.heliyon.2024.e37620 

Wang, X. S., Perry, L. B., Malpique, A., & Ide, T. (2023). Factors predicting mathematics achievement in 
PISA: a systematic review. In Large-Scale Assessments in Education, 11(1), 24. Springer. 
https://doi.org/10.1186/s40536-023-00174-8 

Wu, T.-T., Sari, N. A. R. M., Putri, A. P. R. Z., Chen, H.-R., & Huang, Y.-M. (2025). Fostering undergraduate 
accounting students’ educational attainment through CT-enhanced collaborative project-based 
learning. The International Journal of Management Education, 23(3), 101195. 
https://doi.org/10.1016/j.ijme.2025.101195 

Yan, J., & Goh, H. H. (2023). Exploring the cognitive processes in teacher candidates’ collaborative task-
based lesson planning. Teaching and Teacher Education, 136, 104365. 
https://doi.org/10.1016/j.tate.2023.104365 

Zaka Hadikusuma Ramadan, Miranti Eka Putri, & Muhamad Nukman. (2025). Pendekatan Pembelajaran 
Deep Learning di Seolah Dasar (Ida Farida & Husnul Hafidhoh, Eds.; 1st ed., pp. 1–176). Green 



 Vita Istihapsari, Transformation of Junior High School...    1463 

 

 

Book. 
https://books.google.co.id/books?id=aBtZEQAAQBAJ&dq=langkah+pembelajaran+deep+learn
ing&lr=&hl=id&source=gbs_navlinks_s 

Zhan, Z., Zhong, X., Lin, Z., & Tan, R. (2024). Exploring the effect of VR-enhanced teaching aids in STEAM 
education: An embodied cognition perspective. Computers & Education: X Reality, 4(1), 100067. 
https://doi.org/10.1016/j.cexr.2024.100067 

Zhang, C., Sala, G., & Gobet, F. (2025). Effectiveness of L1 and pictures in multimedia conditions on 
learning second-language vocabulary: A meta-analysis. In Educational Research Review, 47, 
100681. Elsevier Ltd. https://doi.org/10.1016/j.edurev.2025.100681 

Zhang, Y., Qi, W., Xia, C., Sun, H., & Chen, L. (2025). Exploring the effect of cooperative learning on senior 
high school students’ critical thinking in EFL writing: An intervention study. Thinking Skills and 
Creativity, 56, 101765. https://doi.org/10.1016/j.tsc.2025.101765 

Zhao, F. F. (2022). The association of loneliness, mindfulness, and optimism with self-directed learning 
among nursing students in China: A cross-sectional study. Journal of Professional Nursing, 38(1), 
65–73. https://doi.org/10.1016/j.profnurs.2021.11.009 

  


