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 Abstract. Students often face difficulties in visualizing 
molecular shapes based on the valence shell electron pair 
repulsion (VSEPR) theory, which is an abstract concept in 
chemistry. To address this issue, instructional materials 
need to be developed to help students visualize molecular 
shapes more concretely. This study uses the research and 
development (R&D) method with the 4D (define, design, 
develop, and disseminate) development model. The 
developed instructional materials include cards and an 
augmented reality (AR) application that allow students to 
visualize and predict molecular shapes in a tangible way. 
Validation was conducted by experts in media, content, 
and language, resulting in feasibility ratings of 98.1% for 
media aspects, 92.8% for content and language aspects, 
with an overall average rating of 95.45%. After making 
improvements to the media, an initial response test was 
conducted with students, yielding an average score of 
90.5% with an excellent rating, and a main scale 
response test showed a percentage of 96.9%, also 
categorized as excellent. Based on the feasibility and 

response tests, the molecular shape cards (MoSCa) 

media is ready to be implemented in the learning process. 
The student responses to the initial scale test were 
90.5%, and to the main scale test were 96.9%, both rated 

as excellent. The results indicate that the MoSCa media, 
based on augmented reality, is engaging and effectively 
supports students' understanding of molecular shape 
concepts. 
Keywords: Molecular shape, VSEPR theory, flashcard, 
augmented reality 
 

 
 

Introduction 

Education is a deliberate and structured effort , to create a learning process that 

allows students to actively develop their potential, so that it is beneficial for society, nation 

and state. In addition, education is very important because it can improve the quality of 

human resources in living life and meeting life's needs (Enawaty, 2020). Educators must 

strive for development innovations so that the learning process carried out becomes more 

effective supported by digital technology (Zurweni & Malik, 2022).  

Chemistry is often considered as one of the most difficult subjects for most students. 

This is due to the complex and abstract nature of many fundamental concepts, which is 

often one of the reasons that trigger students' difficulties in learning chemistry (Kristin et 

al., 2019). In chemistry, Johnstone (1993)  states that chemical knowledge is represented 

at three levels: macroscopic (observable facts), submicroscopic (particles and their 
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interactions), and symbolic (formula and equations). The relationship among the three is 

illustrated as a triangle, underlining that learners are often required to simultaneously 

engage with all three components at once, rather than focusing on just one. This concept 

is also relevant in other sciences and shows the importance of representation in 

understanding chemical concepts, as evidenced by the many studies related to learning 

through submicroscopic representations (Kozma & Russell, 2005; Gilbert & Treagust, 

2009; Zhang & Linn, 2013; Taber, 2013; Berg et al., 2019). The complexity and abstract 

nature of chemical concepts are often the cause of student learning difficulties. Therefore, 

there is a need for effective learning media that is able to visualise submicroscopic and 

symbolic representations to help students understand the material better (Sailendra et al., 

2025; Olim et al., 2024; Kenneally, 2024). The lack of effective learning media exacerbates 

learners' difficulties in understanding abstract chemical concepts, so educators need media 

that are able to visualise submicroscopic and symbolic representations to support better 

understanding of the material (Ardian et al., 2021). 

Molecular shape refers to the three-dimensional arrangement of atoms in a molecule. 

One way to predict the shape of these molecules is by using the VSEPR theory developed 

by Gillespie & Nylhom (Gillespie & Popelier, 2001).VSEPR theory stands for valence shell 

electron pair repulsion. According to this theory, the molecular shape of covalent 

compounds is determined by the electron domains surrounding the central atom. Electron 

domains are pairs of electrons, both bonding electron pairs and free electron pairs. 

According to VSEPR theory, molecular geometry has 5 basic shapes, namely linear, 

equilateral triangle, tetrahedral, octahedral, and trigonal bipyramid (Ardian et al., 2021). 

Teaching molecular shapes is currently generally introduced using models in the form of 

molecular images, three-dimensional props (such as molymod). Molymod is a teaching aid 

that illustrates the shape of molecules by connecting plastic spheres, which represent 

atoms, using rods that represent bonds (Wahid et al., 2017). It consists of atoms of 

different colors and can be connected with sticks or pegs to make certain shapes (Erlina et 

al., 2021). 
Basic chemistry 1 course is one of the compulsory courses that must be taken by 

students of the Chemistry Education Study Program, FKIP Tanjungpura University. In 

accordance with the demands of the curriculum, the learning outcomes for basic chemistry 

1 courses are that students are able to analyze the geometric shape of compounds based 

on VSEPR theory. Based on Hurrahman et al., (2022), only 45.5% of students passed the 

minimum completion criteria (i.e. scoring ≥ 60 out of 100), indicating that the majority 

scored below 60. Erlina et al., (2024) further emphasize that students encountered 

significant conceptual difficulties with molecular geometry, reinforcing the widespread 

challenges in this topic. Previous research therefore consistently shows that most students 

fail to achieve the minimum completion threshold—scoring below 60 out of a possible 100 

points (i.e. less than 60%). which indicates an understanding problem or difficulty in 

learning the topic among FKIP Untan students. 

Based on the results of interviews with lecturers teaching basic chemistry 1, it is 

known that there are several factors that cause low student learning outcomes on 

molecular shape material according to VSEPR theory. In general, the difficulties 

experienced by students are as follows: (1) difficulty in interpreting the relationship 

between the VSEPR notation obtained and the most likely molecular shape, (2) difficulty 

in visualizing the three-dimensional shape of molecules based on VSEPR theory, and (3) 

difficulty in understanding the effect of free electron pairs (PEB) on the structure and angle 

of molecules. The results of interviews with several students show that most of them tend 

to use the memorization method when studying at home to learn this material. As a result, 

many students do not understand the factors that affect molecular geometry. Interview 

results obtained from several students showed that: (1) students encounter difficulty 

writing the Lewis structure of a molecule, (2) students have difficulty in visualizing the 3D 

shape of the molecule based on VSEPR theory. This is in line with research (Habiddin et 

al., 2023) with a lack of knowledge about Lewis structures and VSEPR theory can lead to 
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misunderstandings regarding molecular geometry, while an unscientific understanding of 

molecular geometry can result in difficulties and wrong ideas of symmetry (Aprianti, 2023). 

A study by Thayban et al., (2021) found that students tend to describe the shape of 

molecules based only on Lewis structures, without considering the position of molecules as 

three-dimensional objects. 

The use of card games is an engaging method that is increasingly being applied in 

education because it can enhance student engagement (da Silva et al., 2025). In chemistry 

education, this approach has proven to significantly improve students’ conceptual 

understanding. This study supports previous findings indicating that card-based activities 

help students grasp the material more effectively (Erlina et al., 2018). Accordingly, an 

interactive activity was designed that integrates card games, simple molecular models, 

and worksheets as innovative and engaging supplementary learning resources to facilitate 

students' understanding and application of VSEPR theory (Erlina et al., 2017). Previous 

research has shown that such media contribute to improved learning outcomes, increased 

motivation, and the development of critical thinking skills (Habiba, 2017). Card games are 

considered effective and beneficial in learning because they make the process more 

interactive and enjoyable, boost student motivation, and help simplify complex concepts. 

Moreover, card games strengthen cognitive skills such as memory, problem-solving, and 

decision-making, making learning more dynamic and encouraging active student 

participation. 

Augmented reality (AR) technology enables interactive 3D visualisations that simplify 

complex science concepts, including in chemistry learning, making them easier for learners 

to understand. AR combines virtual objects with the real world in a natural way and 

supports active, contextualised learning and increases learning motivation thereby 

providing an effective tool for innovative science education (Koumpouros, 2024; Zhang et 

al., 2023; Zhang, M. M., et al., 2025). Despite its potential and proven effectiveness in 

helping to understand abstract chemistry concepts, its application in Indonesia is still 

limited (Aliyanti et al., 2025). AR is a field of technology that consists of the continuous 

superposition of real-world computer generated virtual images, thus expanding access to 

information, and creating new opportunities for interaction (Mazzuco et al., 2022).  
According to Ardian et al., (2021). AR is the incorporation of virtual objects (text, images, 

and animations) into the real world. In simple terms, AR is defined as the combination of 

virtual objects and real objects naturally through a computerized process, as if it looks real 

as if it is in front of the user (Kamelia, 2015; Levy et al., 2024). In addition, the results of 

previous research show that the application of AR in chemistry learning is very likely to 

solve learning problems caused by the difficulty of transferring understanding of abstract 

chemical concepts (Hurrahman et al., 2022) . This is in line with research conducted by 

(Oktavia, 2022; Rahmawati & Kamaludin, 2024) stating that AR media can provide visual 

experiences to students in order to encourage learning motivation, clarify, and simplify 

abstract concepts to be simpler, concrete, and easy to understand. This media can be 

developed according to the needs of students, so that the benefits can be felt immediately, 

especially with the increasingly intensive use of smartphones among students (Nazar et 

al., 2020).The potential of this technology can attract, inspire and motivate learners to 

explore and control from different perspectives that were not previously considered in 

education. With the widespread use of smartphones, AR becomes an adaptive and relevant 

medium for modern learning needs. 

This study aims to measure the feasibility and student response to the use of 

augmented reality-based molecular shape cards (MoSCa) in learning molecular shapes 

based on VSEPR theory. It is expected that the development of MoSCa can help students 

in understanding the concept of molecular shape in accordance with VSEPR theory. 
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Methods 

This study uses the research and development research method which refers to the 

4D development model (Four D models) by Thiagarajan et al. (1974) consisting of four 

stages, namely, define, design, develop and disseminate. The use of the 4D development 

model was chosen because the stages of development are simple, systematic and detailed. 

However, this research method is limited to the define, design and develop stages. This 

research method was chosen because it aims to develop and validate the product to be 

used (Mazzuco et al., 2022). The population in this study were students of the Chemistry 

Education Study Program, FKIP Tanjungpura University class of 2023 who had taken basic 

chemistry 1. The results of this study were not disseminated to an agency or institution 

other than the research site, therefore the stages used in this development research only 

used three stages consisting of define, design, and develop which can be seen in Table 1. 

Table 1. Stages of media development 

 

No. Stages Steps to take 

1. 

 

 

 

 

2. 

 

 

 

3. 

Define 

 

 

 

 

Design 

 

 

 

Develop 

 

 

- Front-End Analysis 

- Student Analysis 

- Concept Analysis 

- Task Analysis 

- Specifying Instructional Objectives 

- Constructing Criterion-Referenced Test 

- Media Selection 

- Format Selection 

- Initial Design 

- Instrument Validation 

- Validation of Practical Guide 

- Revision of pratical guide based on expert input 

- Initial trial to students accompanied by revision 

- Main trial to students 

 

The subject in this study was the augmented reality-based molecular shape cards 

(MoSCa) media on molecular shape material, which was tested on students of class 2023 

of the Tanjungpura University chemical education study program who had taken basic 

chemistry 1. In this study the developed product was validated by two material experts, 

two media and language experts using the Gregory method (Gregory, 2015). Student 

response was assessed using a questionnaire. Researchers used a questionnaire consisting 

of various questions to determine student responses to the media that had been designed. 

Analysis of student response questionnaire data on AR-based MoSCa media developed 

using a Likert scale adapted from (Sugiyono, 2015), which consists of scores 4 (strongly 

agree), 3 (agree), 2 (disagree) and 1 (strongly disagree). The validation test results were 

calculated using the Gregory matrix in Table 2 and analyzed using equation (1).  
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Table 2. Gregory Matrix 

 Validator 1 

  

 
Not relevant 

(Score 1-2) 

relevant 

(Score 3-4) 

Validator 2 

Not relevant 

(Score1-2) 
(A) (B) 

Relevant 

(Score 3-4) 
(C) (D) 

(Source: Gregory, 2015) 

Then the coefficient of feasibility of the instrument content is calculated using the following 

Gregory formula: 

Content validity coefficient =  
D

(A + B + C + D)
 𝑥 100%                                (1) 

Description: 

A : total items with irrelevant ratings by both validators 

B : total items with irrelevant ratings by validator 1 

C : total items with irrelevant ratings by validator 2  

D : total items with relevant assessments by both validators 

Furthermore, the calculation results are interpreted according to the eligibility criteria 

obtained based on Table 3. 

 

Table 3. Criteria for gregory matrix tabulation results 

No. Score interval (%) Criteria 

1. 

2. 

3. 

4. 

5. 

90 – 100 

60 – 89 

40 – 59 

20 – 39 

0 – 19 

Very high 

High 

Medium 

Low 

Very low 

(Source: Gregory, 2015) 

The learner response test was conducted after the feasibility test by experts. The sampling 

techniques applied in this study include one-to-one trial with 8 students, and small group 

trial with 20 students. This approach ensures that the data includes various perspectives, 

both individuals and groups, in order to improve the quality of the research results. The 

instrument used was also a feasibility questionnaire using a Likert scale. The response test 

was conducted twice, namely the initial trial of 8 students and 20 students as the main 

trial. The response test results were calculated using the equation: 

P =
ΣX

ΣXi
 𝑥 100%                                (2) 

Description: 

P = Percentage of score acquisition 

ΣX = Total score (total score) of each item  

Σxi = Total ideal score (highest score) 

Calculate the percentage of total responses with the formula: 
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Ptotal =
ΣP

n
                                  (3) 

Description: 

Ptotal = average percentage of feasibility 

ΣP = average number of percentage scores per aspect  

N = number of aspects assessed 

 

Determining the criteria for student response to AR-based MoSCa and learning media on 

molecular shape material as follows. The percentage criteria for evaluating student 

responses are presented in Table 4. 

 

Table 4. Criteria for media validity assesment 

 

Score interval (%) Criteria 

0-20 Very poor 

21-40 Not good enough 

41-60 Good enough 

61-80 Good 

81-100 Very good 

(Source: Riduwan, 2016) 

Results and Discussion 

 

This study focuses on measuring the feasibility and evaluating the responses of 

lecturers and students to the use of AR-based MoSCa in teaching molecular shapes based 

on VSEPR theory. MoSCa was developed with the aim of improving the understanding of 

molecular shape concepts more effectively. This study employs the 4D development model 

proposed by Thiagarajan (1974) which consists of the define, design, and develop stages. 

The results and discussion are organised based on these three stages. 

 

Define Stage 

The first stage is the define stage, which is conducting a preliminary study to find out 

and reveal the problems faced in the Department of Chemistry Education FKIP Untan, 

especially in determining the shape of molecules based on VSEPR theory. This stage 

consists of 5 main steps, namely: (1) Front-end analysis, the problems faced in learning 

basic chemistry 1 in the Department of Chemical Education FKIP Untan include students 

having difficulty writing the lewis structure of a molecule and having difficulty in visualizing 

the 3D shape of a molecule based on VSEPR theory, this is based on the results of 

interviews with 10 chemistry education students class 2023 FKIP Untan who have taken 

basic chemistry 1. (2) Learner analysis, the results of this analysis are students who have 

taken basic chemistry 1 and are on average 19-21 years old. At that age stage, children 

bbare able to develop formal thinking, and can utilize logic and abstraction from the 

information obtained by Wafiq et al. (2022). In studying molecular shape material based 

on VSEPR theory, students can develop their logic and abstraction by analyzing molecular 

structures based on the number of electron pairs around the central atom, creating 

molecular models either physically or digitally, and discussing in groups to deepen their 

understanding of molecular shape material based on VSEPR theory. (3) Concept analysis, 

determining the concepts to be taught. The concept of determining the shape of molecules 

based on the VSEPR theory obtained is about making electron configurations used to 

determine the valence electrons of an element, then describing the Lewis structure, 

determining bonding pair and lone pair electrons on the central atom and finally estimating 
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the bond angle formed through the principle of electron pair repulsion. (4) Task analysis, 

the results of the task analysis in the form of tasks to determine the number of bonding 

pair and lone pair electrons of a molecule, determine the name of the molecular form based 

on VSEPR theory, describe the lewis structure, can determine valence electrons using 

configuration, and can visualize the three-dimensional shape of the molecular form based 

on VSEPR theory. (5) Specifying instructional objectives sets practical objectives, at this 

stage the task of analysis is: formulate the purpose of using  media on molecular shape 

material. 

 

Design Stage 

The second stage is the design stage. This stage continued with the initial 

development of the learning media design. MoSCa media developed consists of cards and 

applications, some of the main components on the cards include (1) information, (2) terms, 

(3) learning objectives, (4) game instructions, (5) game procedures, (6) electron pair 

cards, (7) molecular shape cards, (8) example cards, (9) valence electron cards, and 

worksheets. As for the main components of the application, namely (1) Unity default splash 

screen, (2) splash screen, (3) main menu, (4) instructions for use, (5) material, (6) scan, 

(7) settings and (8) developer profile. In addition, an expert validation questionnaire and 

student response questionnaire were also designed as data collection instruments. The 

media validation questionnaire consists of 10 statement items on media presentation 

aspects, 2 statement items on audio aspects, and 6 statement items on typography 

aspects. While the material and language validation questionnaire consists of 2 statement 

items on curriculum aspects, 7 statement items on content feasibility aspects, 2 items on 

presentation feasibility aspects and 3 statement items on language feasibility aspects. The 

learner response questionnaire consists of 15 statement items covering aspects of media, 

material, and benefits. The storyboard design that has been made is used as a reference 

in carrying out the process of developing prototype molecular shape topic cards based on 

VSEPR theory and AR applications. As for some software used to develop these two 

products, such as inkscape 1.3.2, microsoft windows 10, Unity 3D v.2018.4.17f1, vuforia 

software development kit (SDK) and Blender 3D 3.3.0., chemsketch and 3D Viewer. The 

tools used in the development process, such as a laptop, droidcam, android smartphone. 

So that a prototype is produced in the form of MoSCa media in the form of molecular 

shapes based on VSEPR theory in the form of cards with 13 sets of cards, 1 set of which 

contains 4 cards (number of bonding pair and lone pair electrons cards (red), molecular 

shape cards (yellow), example cards (green) and valence electron cards (blue)) with a 

total of 52 cards with a size of 9.5 cm x 6.5 cm and 13 QR code cards that interpret each 

molecular shape based on VSEPR theory. To make it easier for students to understand the 

use of media, several supporting cards were added, such as: (1) card information, (2) 

learning objectives card, (3) game instructions card, (4) game procedure card and (6) 

material card. The way to play this media is adapted from a 41 playing card game played 

by at least 4 people divided into 2 teams. In addition, this media is also equipped with an 

Android application called molecular shape application in .apk format with a file size of 71.5 

MB shown in Figure 1. 
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Figure 1. MoSCa media display and molecular shape application 

 

Develop Stage 

The next part of the process was the develop stage. A total of 3 experts were involved 

in providing an assessment of the product consisting of experts on media, material and 

language aspects. Validation in research aims to minimize errors in several ways including 

the concept of content, language, appearance, and determine the feasibility of the product 

that has been designed (Wafiq et al., 2022). To determine the results of the feasibility 

assessment by experts, tabulation of expert assessments was carried out to calculate the 

validity of the practice guidelines using the Gregory test. The validation process was also 

continued with several revisions until finally the practice guide was suitable for use. The 

results of the validation assessment of each expert are presented in Figure 2. 

 

 
 

Figure 2. Percentage of average feasibility assessment on material, media and 

language aspects 

 

The material, media and language validation of the product that has been developed 

in Figure 4 shows the average percentage of eligibility for each validation stage of 98.1 

and 92.8%, so that the overall average is 95.45%. In the range of 81 - 100% indicates 

that the validation stage is categorized as very high (valid), so it can be used without 

improvement  (Riduwan, 2016). Thus, based on the validation results above, it can be 

concluded that the resulting prototype has met the theoretical feasibility criteria in the 

aspects of material, media, and language. The feasibility level of this instrument or product 

can be determined based on the assessment of experts in their fields (Ramadhan et al., 

2019).  
Media validation consists of aspects of media presentation, audio and typography. 

The material presentation aspect contains ten assessment items, the audio aspect contains 
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two assessment items and the presentation feasibility aspect contains five assessment 

items which can be seen in Table 5. 

 

Table 5. Media validation questionnaire assessment items (N=2) 

 

Aspect No. Statement item 
Average validator 

assessment (%) 

 Media   

 presentation 

1. Accuracy of color selection 100 

 2. The appearance of the image layout on the front and 

back covers is harmonious and has unity 

87.5 

  3. The layout of logos, illustrations and icons is 

appropriate 

100 

 4. The appearance of the image layout on the contents 

of the MoSCa media gives the impression of 

harmony and unity 

100 

 5. The layout of text, illustrations, image captions is 

clear 

87.5 

 6. The layout of the images in the application is 

appropriate 

87.5 

 7. Graphic components in the application look 

harmonious and attractive 

87.5 

 8. The application can operate smoothly 100 

 9. Application navigation buttons can run smoothly 100 

 10. 3D visualization of the molecular shape of 

compounds is well presented 

100 

 Audio 11. Has clear sound quality  

 12. Appropriate use of music 100 

 Typography 13. The typography of MoSCa Media is simple 100 

 14. Accuracy of letter selection 100 

 15. Clarity of readability of the letters used 100 

 16. Displays a good center of view (center point) 100 

 17. Appropriate use of font size 100 

 18. The typography on the app is easy to read 100 

 

Based on Table 5, the results of the validation of the media presentation aspect, on 

the 2nd assessment item, the validator suggested that the edges of the card be blunted 

and the position of the image on the cover be adjusted so that it would not be cut off when 

the card games was printed. item 5 suggested making the distance between the text so 

that the text does not look too tight. Next, item 6 was suggested to improve the size of 

the logo on the application display so that it looks proportional. Then in item 7 it is 

recommended to provide information on each graphic component used so that readers can 

follow the flow of text more easily. The suggestions for improvement from the validator 

are intended so that the presentation of the media can attract attention and increase the 

interest of readers or users, and make it easier to understand what is presented. The use 

of media in learning is very important, because the media can make the material presented 

clearer and easier to understand, and motivate students to be more enthusiastic in 

learning. Learning that uses media will take place more effectively, so that learning 



 

  
 

Pratama et al.: Augmented Reality Molecular Shape Cards: A Novel..... |1041 

 

objectives can be achieved (Pradilasari et al., 2020). With a more attractive media display, 

it is expected to provide a learning experience that motivates students to actively 

participate in the learning process (Hurrahman et al., 2022). The results of improvements 

according to media expert suggestions can be seen in Table 6.  

 

Table 6. Revised results of media presentation aspects 

 

Before revision After revision 

1. Changing the edges of the card games cover and adjusting the position of the image 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Correct and add sentence structure to complete the information on the card 
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3. Correct the size of the logo on the application display to be proportional 

 
 

4. Adjust the use of graphic components to follow the flow of the text 

  
 

The last stage in validation is material and language validation. The purpose of this 

validation is to ensure that the content presented is accurate, in line with the learning 

objectives, and uses clear and understandable language. This process is important to 

determine the feasibility of the learning media, so that it can be effective in conveying 

information and supporting student understanding in an appropriate and efficient way. The 

assessment items of each aspect can be seen in Table 7. 
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Table 7. Revision result presentation of material and language (N=2) 

 

Aspect No. Statement item 

Average 

validator 

assessment 

(%) 

 Curriculum 1. The material presented is in accordance with the course 

learning outcomes (CLO)  

87.5 

 2. Depth of material 87.5 

 Content  

 feasibility 
3. The material presented in the MoSCa media is in 

accordance with the VSEPR theory molecular shape 

material. 

100 

 4. The material in MoSCa media is presented accurately 100 

 5. The example image of lewis structure in MoSCa media 

is presented accurately 

100 

 6. Visualization of 3D animation of molecular shapes in 

the application is presented accurately 

100 

 7. Suitability and correctness of the answer key with the 

task 

100 

 Presentation 

 feasibility 
8. The material presented is systematic 87.5 

 9. The material presented adds insight to the user's 

knowledge 

87.5 

 Language   

 feasibility 
10. Accuracy of sentence structure 100 

 11. Sentence effectiveness 100 

 12. Standardization of terms 100 

 13. Ease of learners understanding the message conveyed 

in MoSCa media 

100 

 14. Ease of learners understanding the message conveyed 

in the application 

100 

 15. Accuracy of grammar 100 

 16. Accuracy of spelling used 87.5 

 17. Suitability to the intellectual development of learners 87.5 

 18. Appropriateness to the learners' emotional 

development level 

87.5 

 19. The use of terms, symbols, and icons in the application 

is consistent 

100 

 

Based on Table 7, about the results of the validation of the presentation of material 

and language aspects, in the curriculum aspect, the validator provides suggestions to 

adjust the material presented on the MoSCa media so that students can more easily 

understand the material about molecular shapes. Furthermore, in the presentation 

feasibility aspect, the validator suggested adding material about the principle of electron 

pair repulsion to the card games. This suggestion aims to make the material presented 

systematically, enrich users' insights, and make learning more structured, easy to follow, 
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and deepen users' understanding of the topics discussed. Then, on items 16, 17, and 18 

related to language aspects, the validator suggested improvements in the use of words to 

be in accordance with Indonesian grammar rules and easily understood by students, so 

that learning materials are presented correctly, relevant, and in accordance with the needs 

and abilities of students, support effective understanding, and provide a positive learning 

experience. The results of improvements according to the content expert's suggestions are 

presented in Table 8. 

 

Table 8. Revision result presentation of material and language. 

 

Before revision After revision 

1. Adjusting the material presented in the MoSCa media and adding material about the 
principle of electron pair repulsion. 

  

2. Customize the use of words to fit the rules of Indonesian grammar 

  

 

Based on Table 8, material and language adjustments to the MoSCa media need to 

be made by adding material about the principle of electron pair repulsion and ensuring the 

use of language in accordance with Indonesian grammar rules. After that, a student 

response test to the MoSCa media was conducted, involving 2023 students cohort from 

the Chemistry Education Study Program at FKIP Tanjungpura University who had 

completed the chemical kinetics course. The instrument used was a response questionnaire 

with a 4-point Likert scale, which had been previously validated. This instrument was 

distributed to 8 chemistry education students in the one-to-one trial stage, to obtain in-

depth feedback. The second stage, the small group trial, involved 20 students to test the 

validity and effectiveness more broadly. This approach aims to make the data obtained 
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reflect various points of view, both individuals and small groups, in order to improve the 

quality of research results. The response questionnaire covered three aspects: media, 

materials, and benefits. The initial trial process was followed by revisions until the MoSCa 

media was ready for the main trial. The initial response results are shown in Figure 3 

 

 
Figure 3. Percentage of the results of the initial learner response test aspects of 

media, material and benefits 

 

The purpose of this response test is to find out the students' responses to aspects of 

media, material and benefits in using MoSCa media and applications. Based on the results 

of the student response test that has been carried out, the percentage obtained in the 

media, material and language aspects is 91.9%, 89.1% and 90.6%. The overall percentage 

obtained was 90.5%. The number 81-100% is a very high response interpretation criterion 

(Riduwan, 2016). The input submitted by students in the initial trial was to improve some 

writing formats and some sentences to match the rules of Indonesian grammar and add 

images to the application instructions so that they can clarify the information referred to 

in the section on how to operate it. After the revision, it was continued with a small group 

trial on 20 students of the chemistry education study program at FKIP Untan. The results 

of student responses to MoSCa media can be seen in Figure 4. 

 

 

Figure 4. Percentage of results of the main response test of learners in the aspects 

of media material and benefits 

 

Based on the results of student response data in the main trial of MoSCa media in 

the aspects of media, material, and benefits, the response was very good with a percentage 

of 95.8%, 96.7% and 98.1% respectively with an overall percentage of 96.9%. This 

indicates that the MoSCa media that has been designed has an attractive appearance and 

is easy to use. Then, the use of fonts and 3D visualization of molecular shapes is very clear 

and easy to understand. The material presented in MoSCa media is in line with the 

curriculum taught by educators in the classroom, so it is very relevant and supports the 
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learning process. The language used in the media and applications is also easy for learners 

to understand, and the illustrations, graphics and images included can help understand the 

material better. The learning topics are clearly presented, which can make learners more 

interested in learning about molecular shapes. Overall, MoSCa media is considered an 

effective tool in learning molecular shapes, increasing interest in learning, and helping 

learners understand the material better. Concept understanding, which allows students to 

solve problems related to the concepts they learn systematically, must be instilled by 

educators in the learning process (Lestari, 2021). The results of the learner response test 

showed a positive response from Chemistry Education students of FKIP Untan so that the 

developed product can help and facilitate students in understanding the concept of 

molecular shape material based on VSEPR theory. This finding is in line with some previous 

research results, card games is effective in increasing user engagement and motivation, 

including in education. By using game elements such as challenges, rewards, and 

competition, card games makes learning more interactive and interesting. In the context 

of using card games for learning, it can foster learners' intrinsic motivation and improve 

information retention. It makes the learning process more enjoyable and encourages 

learners' active participation (Erlina et al., 2024; Levy et al., 2024). According to 

Hurrahman et al. (2022) AR has the potential to be a solution in learning chemistry, 

especially to overcome difficulties in understanding abstract concepts. The AR system helps 

students visualise the submicroscopic level of chemical reactions (such as molecular 

structures and bond changes) interactively through AR cards, thereby bridging the gap 

between macroscopic and submicroscopic concepts (Tarng et al., 2022). AR can help 

teachers explain complex material such as molecular structures by visualising molecules 

in three dimensions via an android smartphone, thereby significantly facilitating students' 

understanding during the process of learning abstract chemical concepts that are difficult 

to explain using two-dimensional images. 

 
Conclusion 

 

The research and development results indicate that the MoSCa media, based on AR 

and VSEPR theory in molecular shape learning, obtained a feasibility score of 98.1% in the 

media aspect and 92.8% in the material and language aspect, with an overall average of 

95.45%. The results of the study show that the MoSCa media, which is based on 

augmented reality, is attractive and effective in supporting students' understanding of 

molecular shape concepts. After improvements were made, the initial student response 

test achieved 90.5% with a very good criterion, while the main scale response test 

achieved 96.9% in the very good category. This shows that MoSCa is effective in improving 

students' understanding, engagement, and motivation to learn, and is ready to be applied 

in chemistry learning. 
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