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Abstract  
21st-century learning emphasizes the use of technology in the teaching and learning process. One 

way that educators can optimize technology-based learning is by developing interesting teaching 

materials in the form of e-modules. This research aims to develop an e-module assisted by Augmented 

Reality (AR) integrated with Science, Technology, Engineering, Art, and Mathematics (STEAM) to 

improve middle school students' creative and critical thinking abilities. The research method used is 

Research and Development (R&D) with the ADDIE model. The subjects of this research were class 

XII IIK students at a school in Cirebon City. The instruments used include validation, practicality, 

student responses, and tests. The research results showed that the e-module developed was in the very 

valid, very practical category and received a very positive response from students. The N-Gain test 

score obtained was 0.7240, which is included in the high category. This proves that the STEAM-

integrated AR-assisted e-module is effective in improving students' creative and critical thinking 

abilities. This e-module innovation introduces AR technology as the newest approach in STEAM 

learning, so it is hoped that it can become a reference for the development of teaching materials in 

the future. 
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Introduction  

The learning process in the 21st century requires students to have the ability to 

survive and compete globally. The abilities that students must have are the 4C abilities 

(Critical, Creative, Collaborative, Communicative). This is in line with (Rohmatulloh et al., 

2023) which states that 21st century learning in educational units requires students to have 

4C abilities, which include the ability to think critically. 4C abilities are basic abilities in the 

21st century that are needed to cultivate talent and social development in the future (Ye & 

Xu, 2023). (Zhao et al., 2023) stated that 4C capabilities are also very important to apply in 

various situations. This shows that the 4C abilities not only help students learn but are also 

able to adapt to various situations in everyday life. 

The ability to think creatively and critically is part of the 4C abilities which are very 

important in learning mathematics. The ability to think creatively is one of the key factors 

in 21st century life (Ayyildiz & Yilmaz, 2021) (Aisyah et al., 2024). According to (Hidajat, 

2022), creative thinking is characterized by the ability to solve problems in an unusual, 
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unique, different, new and original way. The ability to think creatively is a mental process 

that is very useful and needs to be possessed by everyone to achieve success in every problem 

solving (Rahayuningsih et al., 2021). The ability to think creatively can train students to 

develop their knowledge through active and creative learning so that students can gain new 

experiences (Marliani, 2015); (Azzahra et al., 2023) 

Critical thinking skills can help students process information logically and practice 

independent learning (Fatmiyati & Juandi, 2023). Through critical thinking, the ability to 

reason and face problems will increase, one of which is in the learning process (Ardiansyah 

et al., 2022); (Evendi et al., 2022). Students who have a strong capacity for critical 

mathematical thinking enable them to act logically and choose the best options for 

themselves (Al-Fanny & Roesdiana, 2019; (Firdaus et al., 2019). (Rachmantika & Wardono, 

2019) stated that with the ability to think critically and mathematically, students can analyze, 

evaluate, reason, and interpret information. Based on this, creative and critical thinking skills 

are very important for students to have. 

However, even though creative and critical thinking skills are very important, the 

reality on the ground is that these two abilities are still relatively low. According to (Siswanto 

& Ratiningsih, 2020), students' thinking abilities are still low, which results in students 

having difficulty solving mathematics problems. (Hastawan et al., 2023) also stated that 

students' abilities in critical and creative thinking are still relatively low. Based on 

observations made at one of the schools in Cirebon City, the results showed that students' 

creative and critical thinking abilities were still low, as seen from their answers which were 

still wrong in solving mathematical problems. 

 The above is because the learning provided does not produce problem-solving which 

results in a low ability to think critically mathematically (Benyamin et al., 2021), the learning 

process is still teacher-centered (Nurfitriyani et al., 2022); (Ratnawati et al., 2020); 

(Rismayanti et al., 2022), teaching materials that are not in line with advances in technology 

and science and do not support students in improving their ability to think critically 

(Dwijayanti et al., 2020).  Students only focus on textbooks so that learning becomes 

monotonous (Liando et al., 2022). (Wannapiroon & Pimdee, 2022) stated that students' 

creative mathematical thinking abilities must be further improved by using a learning model 

that is supported by teaching materials that adapt to technological advances. So based on 

these conditions, efforts are needed to improve students' creative and critical thinking 

abilities in mathematics learning. Mathematics learning must be designed so that students 
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can develop creative thinking and critical thinking skills (Nugraha & Suparman, 2021); 

(Yuliani et al., 2021). 

One effort to improve students' creative and critical thinking skills is by using 

electronic modules (e-modules) in the learning process (Suherman et al., 2021); (Nurlaili et 

al., 2021). E-module is a type of teaching material that contains material presentation that is 

arranged systematically and can display audio-visuals, animated videos, and interesting 

illustrations to attract students' interest in learning (Hardeli et al., 2023). Learning using e-

modules is one way to make learning interesting (Lah et al., 2024). The use of e-learning 

modules is very relevant to technological developments (Padwa & Erdi, 2021). One of the 

newest technologies that can be integrated into e-modules is Augmented Reality (AR). 

E-module assisted by Augmented Reality (AR) is a form of e-module that can 

develop students' creative and critical thinking abilities (Dewi & Kuswanto, 2023); 

(Noverianto & Munahefi, 2023). (Arena et al., 2022) stated that AR is a technology that 

allows users to see virtual objects in the real world which was developed from virtual reality 

technology. AR can display virtual objects in various forms, such as 3D models, animations, 

videos, or text (Ramadhan & Waluyo, 2023). (Rachmawati et al., 2020) stated that the use 

of AR is a model manipulation in a form that corresponds to reality so that it can be well 

received by students. In line with this, Arifin & Efriani (2024) stated that the use of AR in 

mathematics learning does not only make abstract concepts more concrete and easier to 

understand. Thus, AR is a technology that can improve and support the development of high-

level thinking skills (Dewi & Kuswanto, 2023) 

To maximize the use of AR-assisted e-modules, they are integrated with learning 

approaches. One of the learning approaches that has been in the spotlight in education in 

recent years is STEAM (Science, Technology, Engineering, Art, and Mathematics) 

(Kartikawati, 2023). The STEAM approach is becoming increasingly important because the 

world needs more STEM professionals who have broad skills and can adapt to change 

(Alfayez, 2024). In line with this, (Guimeráns-Sánchez et al., 2023) stated that STEAM 

prioritizes openness and equality in learning, and prepares students to face the challenges of 

the 21st century. STEAM also encourages students to observe, investigate, and ask questions 

to understand more deeply about the world around them (Rusni et al., 2023). Therefore, 

developing an AR-assisted mathematics e-module that integrates STEAM can be an 

alternative for improving students' creative and critical thinking skills in mathematics 

learning. 
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Method  

The research method used in this research is the R&D research method. Research 

and development are research techniques used to create and test products that will be used 

in the educational sector (Rusni et al., 2023). The development model used is the ADDIE 

model. According to (Widyastuti & Susiana, 2019), the ADDIE model is a model for 

developing teaching materials that consist of a systematic sequence of steps to solve learning 

problems that focus on learning resources according to student needs and characteristics. 

The ADDIE research model consists of five stages, namely: Analysis, Design, Development, 

Implementation, and Evaluation (Kawete et al., 2022); (Tu et al., 2021). These five phases 

are interrelated and interact with each other (Zhang, 2020). 

The proposed stages in product development and research have a more systematic 

and comprehensive approach compared to the other model, with more detailed and structured 

framework (Irviana, 2020; Iftitah, 2023). This is in line with  Adeoye et al. (2024) which 

states that the ADDIE model provides systematic guidance for educators in designing and 

building quality learning. According to Luo et al. (2024) this model is designed with a 

systematic approach that fully takes into account the needs of students, so as to minimize the 

potential for bias.  

One of the main advantages of the ADDIE model is the flexibility of the revision 

stages that can be carried out at each stage of development, allowing for continuous 

improvement and adaptation that is responsive to learning needs (Martatiyana et al., 2023). 

Thus, the ADDIE model allows developers to continuously improve the quality of products 

or learning materials based on the feedback and evaluations obtained. This ability to make 

revisions at each stage makes the ADDIE model a dynamic and effective approach in 

learning development.  

The ADDIE model is currently widely applied technologically in various countries 

and has become the subject of extensive research in the Western region (Spatioti et al., 2022). 

Some researchers believe that the ADDIE model is flexible enough to be applied in a variety 

of learning environments and is suitable for integrating technology into teaching (Maddison 

& Kumaran, 2016); (Almelhi, 2021). In line with this, (Kurnia et al., 2019) also stated that 

the ADDIE model is still very relevant to use because it is flexible in various situations and 
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allows for revision and evaluation at each stage. The five steps for developing ADDIE in 

this research are explained in the following figure. 

 

Figure 1. ADDIE Model 

The subjects of this research were class XII IIK students at a school in the city of 

Cirebon. Subject selection is based on the student's condition by research needs. This 

research is also supported by the school environment, both from external and internal aspects 

and supported by the availability of adequate facilities and infrastructure. This research was 

also carried out by the learning plan that had been designed by the teacher.  

The instruments used in this research are validation instruments, practicality, student 

responses, and tests. The validation instrument is a material expert and media expert 

validation sheet. This validation instrument is used to test the validity or validity of the 

development of a mathematics e-module assisted by STEAM-integrated Augmented Reality 

to improve students' creative and critical thinking abilities. The practicality instrument is 

used to test the practicality of the e-module being developed. Next, a student response 

questionnaire is used to determine student responses after using the developed e-module. 

These three instruments use a Likert scale with five alternative answers. 

The test instrument used questions on critical and creative thinking skills on the 

subject of enumeration rules. The test instrument consists of class XII material questions in 

the form of descriptions that refer to indicators of creative and creative thinking abilities. 

Indicators of creative thinking abilities are fluency, flexibility, originality, and elaboration 

(Toheri et al., 2020); (Yaniawati et al., 2020); (ramirobass, 2023). Meanwhile, indicators of 
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critical thinking skills were adopted from (Facione, 2023), namely interpretation, analysis, 

evaluation, and inference. 

The results of this test will be analyzed using N-Gain to measure the effectiveness of 

the STEAM integrated Augmented Reality assisted mathematics e-module developed to 

improve students' creative and critical thinking abilities. The N-Gain value will show an 

increase in student learning outcomes on the subject of enumeration rules before and after 

using the e-module. Next, the N-Gain value will be classified to determine the extent of the 

module's effectiveness in improving students' creative and critical thinking abilities. The 

following is a table of N-Gain level criteria (Komalasari et al., 2024). 

Table 1. N-Gain level criteria 

Average Criteria 

g > 0,7 High  

0,3 ≤ g ≤ 0,7 Moderate 

0 < g < 0,3 Low 

g  ≤ 0 Fail 

 

Results and Discussion  

At this stage, an analysis of the curriculum, materials, student characteristics, and 

problems in learning is carried out. Based on the results of observations and interviews, 

several important things were found that became the basis for developing this e-module. 

First, the curriculum used is still based on the 2013 Curriculum, where the main learning 

source is textbooks borrowed from the library. The use of technology in teaching 

mathematics in class is still limited, even though all students have smartphones. Therefore, 

opportunities to integrate technology into learning become very relevant to help improve the 

quality of learning. In this case, Augmented Reality (AR) technology was chosen as the main 

component in the e-module because of its interactive nature and the ability to provide a more 

interesting and in-depth learning experience. Research by (Zulyati et al., 2022) shows that 

the use of technology in learning can improve student learning outcomes. This finding is in 

line with the opinion of (Adri & Suwarjono, 2023) which states that learning will be easier 

and more practical if you use technology-based teaching materials. For qualitative research, 

the results section contains detailed sections in the form of sub-topics that are directly related 

to the research focus and categories. 

The results of the analysis also reveal that students' creative and critical thinking 

abilities still need to be improved. Considering that the material to be studied is Enumeration 

Rules, it is important to introduce a STEAM-based approach as an effort to improve students' 
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creative and critical thinking abilities. Based on these findings, the e-module design is 

designed not only as teaching material but also as a medium that encourages the development 

of high-level thinking skills through the use of technology. 

The second stage in the ADDIE model is design. At this stage, an e-module was 

developed on the topic of Enumeration Rules, designed with the help of STEAM-integrated 

Augmented Reality. The design of this e-module involves determining an attractive and 

interactive visual display, systematic logical presentation of material, as well as interactive 

elements that support the mathematics learning process. So that the e-module developed can 

be easily accessed by students anytime and anywhere (Hamidi et al., 2024). In the 

development process, this e-module was created using various applications, namely 

Microsoft Word, Unity, and Canva. Microsoft Word was used to create the main content of 

the e-module. Unity is used to integrate Augmented Reality. Where unity is a game engine 

with the ability to distribute to various platforms (Sarosa et al., 2019).  Apart from that, 

Canva is also used to strengthen the visual aspects of the module. Canva is a computer-based 

visual application designed to help beginners create, design, or edit various projects via a 

web platform (Saputra et al., 2022). 

After the design stage is complete, it continues to the development stage. At this stage, 

the product to be developed is created. What is done is creating an e-module, creating image 

objects that will be used in the Augmented Reality application, and preparing learning videos. 

The learning material chosen is the Enumeration Rules material which is contained in the 

STEAM integrated AR-assisted e-module. This e-module will be validated by experts 

including material experts and media experts. According to (Rohmawati et al., 2019), 

material experts assess aspects of content and linguistic suitability. According to Hutabri 

(2022), media experts carry out validation to assess the design quality and effectiveness of 

multimedia learning media. This is in line with (Hapsari & Zulherman, 2021) who state that 

media validation is a process of assessing product design by experienced experts. Below are 

presented the results of material and media validation from the validator. 
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Table 2. Material expert validation results 

No Aspect Average (%) Category 

1.  Suitability of material to the curriculum 100 Very Valid 

2.  Clarity of concept delivery 94 Very Valid 
3.  Conceptual accuracy 94 Very Valid 
4.  STEAM integration 90 Very Valid 
5.  Development of thinking skills 94 Very Valid 
6.  Application in the real world 94 Very Valid 

Average of All Aspects (%) 94 

Category Very Valid 

 

Based on Table 2, it can be seen that the overall average validation of material experts 

is 94% which is included in the very valid category. E-modules that are proven to be valid 

can be considered a very feasible and effective learning media (Subarkah et al., 2021). The 

material experts consist of 2 mathematics teachers and 1 mathematics lecturer. When 

carrying out validation, the validator provides criticism and suggestions which are used to 

improve and perfect the e-module before it is tested on students. Criticism and suggestions 

from material expert validators include: (1) one of the material points needs to be clarified 

more, (2) practice questions need to be integrated with a more interactive platform, and (3) 

the type of font used in the e-module needs to be changed. The researcher then revised the 

e-module according to the criticism and suggestions provided by the material expert 

validator. 

Next, media expert validation was carried out by 2 people, namely 1 IT teacher and 

1 IT staff. The following are the results of media expert validation. 

Table 3. Media expert validation results 

No Aspect Average (%) Category 

1 Visual design 100 Very Valid 

2 Navigation 100 Very Valid 
3 Quality of Augmented Reality (AR) 100 Very Valid 
4 Compatibility 96 Very Valid 
5 Application stability 90 Very Valid 

6 Effectiveness of using AR 96 Very Valid 

Average of All Aspects (%) 96 

Category Very Valid 

 

Based on Table 3, the overall average validation of media experts is 96%, which is 

included in the very valid category. This shows that the media used in the e-module is 

included in the very valid category, meaning that the media is suitable for use. According to 

Izzah et al. (2023), the suitability of a product can be determined through a validation 
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assessment process by several experts. This is in line with Purwoko et al. (2023) who stated 

that a product that is declared valid means that the product being developed is suitable for 

use in the field. 

Apart from the validation test, a practicality test was also carried out to determine the 

practicality of the STEAM-integrated AR-assisted e-module. The practicality tests carried 

out are individual trials and limited trials or small group trials. Individual trials were carried 

out on 3 mathematics teachers at different schools. The following are the results of individual 

practicality tests. 

Table 4. Results of teacher practicality test and limited test 

No Aspct Individual Trials Limited Trials 

1 Ease of Use 4,7 4,6 

2 Effectiveness in Learning 4,6 4,7 

3 Display Quality 4,8 4,4 

4 Student Engagement and Interactivity 4,8 4,5 

5 Conformity to Curriculum and Goals 4,7 4,7 

Total Score 23,6 22,9 

Total Maximum Score 25 25 

Percentage 94,4% 91,6% 

 

Based on Table 4, the average calculation result at the individual trial stage is 94.4%. 

This shows that the e-module developed is included in the very practical category. This result 

is in line with research by (Putri & Junaedi, 2022)which found that the e-module developed 

was in the very practical category with a percentage of 87.33%. Therefore, e-modules are 

stated to be very practical for use in mathematics learning (Aprilia et al., 2024). However, 

there are several revisions related to errors in writing. After that, the e-module was revised 

again before being tested on students.  

The revised e-module was tested in a small group. Limited trials were carried out on 

11 students selected based on various levels of knowledge using a questionnaire. The limited 

trial results shown in the table above show a percentage of 91.6%. This proves that the 

development of AR-assisted mathematics e-modules integrated with STEAM is included in 

the very practical category. Thus, this e-module can be accepted and used well by users in 

the learning process (Rani & Maarif, 2021). This shows that the characteristics and content 

of the e-module have met learning needs and made it easier for users to understand the 

material presented. The following displays the e-module which has been revised based on 

input and suggestions from validators. 
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Figure 2. Augmented reality application display  Figure 3. Initial e-module view 

 

          
 
Figure 4. Learning materials    Figure 5. Learning Tasks 

 

The next stage is the implementation of the e-module which has been revised based 

on criticism and suggestions. This mathematics e-module was applied to class XII IIK 

students at MAN 2 Cirebon City with a total of 32 students. At this implementation stage, 

learning was carried out in 8 meetings or the equivalent of 16 hours of lessons. The average 

student score in carrying out the assignments given during the learning process is 87.89. This 

shows that students have been able to exceed the KKM score, which is 70.  

At the implementation stage, an evaluation stage is also carried out which is intended 

so that students can immediately provide an assessment of the e-module. At this stage, 

students are given tests in the form of a pretest and posttest. The pretest is carried out before 

implementing the e-module, consisting of 4 essay questions. After the pretest is completed, 

learning using mathematics e-modules assisted by Augmented Reality which is integrated 

with STEAM is carried out. After the pretest is carried out, learning begins using AR-

assisted mathematics e-modules integrated with STEAM. Then, at the end of the lesson, a 

posttest is carried out using questions that have been validated. 

After students have finished working on the post-test questions, the pretest and post-

test results are compared to see the increase in students' creative and critical thinking abilities 
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after using the STEAM integrated Augmented Reality-assisted mathematics e-module. The 

average pretest result of students before carrying out learning with the STEAM integrated 

AR-assisted mathematics e-module was 21.97 with the minimum score obtained being 9 and 

the maximum score being 40. Meanwhile, the average obtained after carrying out learning 

with the mathematics e-module assisted by STEAM integrated Augmented Reality, namely 

78.15, with a minimum score of 27 and a maximum score of 100. According to (Nuryana & 

Wintarti, 2022) the average posttest score is higher than the pretest showing the effectiveness 

of the media used in improving student learning outcomes. Based on the pretest and post-

test scores, the N-Gain Test can be used to determine the effectiveness in improving the 

creative and critical thinking abilities of students whose learning uses the following STEAM 

integrated Augmented Reality assisted mathematics e-module calculation results using N-

Gain. 

 

Figure 6. N-Gain test results 

 

Based on the table above, it can be seen that the N-Gain test of student learning 

outcomes obtained an average of 0.7240 which is included in the high criteria. This shows 

that the use of mathematics e-modules assisted by Augmented Reality integrated with 

STEAM is effective in improving students' creative and critical thinking abilities. Apart from 

the pretest and posttest, students were also given a questionnaire regarding student responses 

to the use of e-modules. The results of student responses were obtained as follows. 

Table 5. Results of student response questionnaire 

No Aspect Total Score Percentage 

(%) 

1 Understanding the Material 282 88,13 

2 Ease of Use 291 90,94 

3 Interest and Motivation to Learn 272 85 

4 Critical and Creative Thinking 

Ability 

280 87,5 

5 Understanding of STEAM  274 85,63 

6 Motivation to learn 283 88,44 

7 Active Student Participation 267 83,44 

8 Clarity of Material 284 88,75 

Total Score 2.233 

Maximum Score 2.560 

Percentage 87,23 % 
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  Based on the table above, it shows that the average percentage of student responses 

is 87.23%. This means that students gave a very positive response to the e-module used. This 

average shows a high level of student acceptance of the characteristics and content presented 

in the e-module. So, this e-module can be used as teaching material in learning mathematics. 

Based on the stages above, it shows that the e-module developed is included in the 

very valid and very practical category. Apart from that, the e-module developed is effective 

in improving students' creative and critical thinking abilities. This is in line with the research 

results of Adha et al. (2023) who found that e-modules integrated with the STEAM approach 

can improve critical and creative thinking skills, thereby creating meaningful learning. This 

is in line with Alif et al. (2020) who stated that learning that uses augmented reality in STEM 

learning can improve high-level thinking abilities (A. M. Arifin et al., 2020; Jesionkowska 

et al., 2020). 

The advantage of this electronic module lies in the use of new technology, namely 

augmented reality. Augmented reality can attract students' interest in learning mathematics. 

Apart from that, this e-module integrates the STEAM (Science, Technology, Engineering, 

Art, and Mathematics) approach, so that the material presented is more contextual and in-

depth. The e-module design is also made very attractive so that students do not get bored 

easily while studying the material. This module is written in language that is easy to 

understand and is compatible with almost all Android smartphones, making it easy for users 

to access. However, the weakness of this module is its limitations in device compatibility, 

because it cannot yet be used on iOS devices. 

Conclusion and Suggestion  

Based on the research results, it can be concluded that the development of a 

mathematics e-module assisted by Augmented Reality (AR) which is integrated with 

STEAM can improve the creative and critical thinking abilities of class XII students at MAN 

2 Cirebon City. By using the Research and Development (R&D) method with the ADDIE 

model, this e-module has proven to be very valid and practical and has received positive 

responses from students. The high N-Gain value of 0.7240 indicates its effectiveness in 

achieving learning objectives. 

As a suggestion, it is hoped that the development of this AR-assisted e-module can 

be applied in other schools to test its effectiveness in a wider context. Apart from that, further 

development needs to be carried out regarding increasing interactive features in e-modules 
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to enrich students' learning experiences. Educators are also advised to carry out training 

related to the use of AR technology in order to optimize the use of e-modules in the learning 

process. 
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