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Abstract Learning media plays an important role in supporting the learning process 

of chemistry, especially in the topic of molecular geometry, to enable the delivery of 

material more concretely and to facilitate understanding of concepts by students. To 

address this, there is a necessity to develop a mobile learning application based on 

augmented reality specifically for molecular geometry material. The process of making 

this application refers to the Borg & Gall (2003) development model. This model 

consists of 10 phases, summarized into three main parts: design, development, and 

evaluation. This research specifically focuses on the initial stage, namely the design 

stage. The research method used is research and development (R&D). This 

implementation plan consists of two stages: data collection through needs analysis by 

distributing questionnaires to students and needs analysis from a professional 

perspective through interviews and literature research. The result of this research is an 

application design with content and functionality suitable for developing augmented 

reality-based mobile learning materials on molecular geometry in chemistry education. 
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INTRODUCTION  

Chemistry with general characteristics as an abstract subject requires 

adequate spatial and visualization skills for students to understand (Carlisle et 

al., 2015; Rahmawati et al., 2021),  especially the molecular geometry material 

that discusses three dimensions. The difficulty faced by students when learning 

molecular geometry material is that students do not understand the meaning 

of the Lewis symbol, the effect of free electron pairs on molecular geometry, 

and various types of molecular geometry when given a case in placing the name 

and geometry of a molecule. (Nugraha et al., 2019). Many researchers have 

researched molecular geometry. The emergence of misconceptions in molecular 

geometry material is primarily due to students' difficulties visualizing three 

dimensions (Nugraha et al., 2019; Rohmah & Hidayah, 2022), so media or 

strategies are needed to minimize it.  

Visualization at the submicroscopic level is an ability that is difficult to 

master, especially when learners are not equipped with sufficient knowledge 

of chemical content or lack spatial abilities. (Al-Balushi et al., 2017; Harle & 

Towns, 2011). Spatial ability is the ability to sketch/represent and translate 2D 

and 3D molecular models and their interactions. (Carlisle et al., 2015). Teachers 

need to provide practice or assistance to improve students' spatial abilities. It is 

intended that students no longer experience misconceptions or get low learning 

outcomes in molecular geometry material. Teachers can use spatial language, 

video games, and augmented reality media assistance in many ways, as 

discussed in previous research results. (Anam et al., 2022; Anwar et al., 2020; 

Sudirman & Alghadari, 2020). 

Learning media is a solution often used to help students understand 

materials that are abstract, difficult, and require a high level of reasoning. 

(Nazar et al., 2020; Solikhin et al., 2019; Widarti et al., 2021). The characteristics 

of learning media in the form of visual and interactive are why this learning 

media is suitable for providing a detailed explanation of molecular geometry 

material. Learning media is a device that conveys learning content and 

facilitates the achievement of student learning goals. (Aksa, 2017; Ramadhani 

et al., 2016; Ramdani et al., 2020).. The more effective the learning media, the 
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more influential the learning process so that the outcome of students in the form 

of learning outcomes is getting better. 

In the current development, augmented reality (AR) is a field that is being 

actively researched, developed, and used as a support for learning media. (Aw 

et al., 2020; Cipresso et al., 2018; Macariu et al., 2020; Stefan & Moldoveanu, 

2015; Krüger et al., 2019). These researchers state several characteristics of AR 

that can be potential in learning, such as contextual (AR users can experience 

the real and virtual world simultaneously), interactivity (the possibility to 

interact with AR through manipulation of natural objects and virtual 

properties), and spatiality (linking virtual objects to specific points in a more 

realistic three-dimensional space). From these characteristics, many researchers 

have developed this AR-based learning media. One of them is making AR-

based mobile learning media because it is considered very likely to be used by 

students in their learning environment, both in and outside the classroom.  

The ethnopedagogical approach is used as an approach that connects 

science with culture. This approach can help learners develop attitudes toward 

cultural values and the science obtained in the classroom. (Jannah, 2022; 

Rahmawati et al., 2020). Ethnopedagogy in science learning is related to 

classifying society, culture-related physical phenomena and cultural systems, 

and incorporating community values and knowledge (Khusainov et al., 2015). 

In addition, the ethnopedagogical approach is a system that explains nature for 

predictive purposes and practical applications (Wang, 2013). Only a few studies 

have linked the ethnopedagogical approach to developing learning media, 

especially in molecular geometry material. One of the advantages of 

ethnopedagogy is that it can help students to improve learning and preserve 

their identity (Rahmawati et al., 2020) and can be a consideration in applying it 

to the creation of AR-based mobile learning media.  

The research question is how to design mobile learning with augmented 

reality technology on molecular geometry material with an ethnopedagogical 

approach. According to users and experts, this research aims to design mobile 

learning media as an open learning resource. As a novelty, mobile learning can 

support students' understanding of molecular geometry material through an 
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ethnopedagogical approach so that it is expected to improve students' spatial 

abilities while being able to analyze their cultural products in everyday life. 

This research implies that students can have better spatial abilities, improve 

learning outcomes in molecular geometry material, and analyze cultural 

products in everyday life. 

 

METHOD 

The research method used in this study is development research or 

Research and Development (R&D). Development research is a research method 

used to produce specific products and test the effectiveness of these products. 

This research starts by analyzing the needs that need to be done to be able to 

produce specific products (Sugiyono, 2017). The product produced in this study 

is a learning resource in the form of augmented reality-based mobile learning that 

is expected to improve learners' understanding of the material in chemistry 

learning. Data was collected by distributing needs analysis questionnaires to 

students and teachers, interviews with experts in May-June 2023, and literature 

studies. The needs analysis data obtained is used for the next stage, 

development. The data analysis technique used in this research is quantitative 

descriptive analysis. The results of data analysis are used to identify things that 

must exist in learning molecular geometry material as a reference in designing 

mobile learning media. It is intended to find theoretical concepts to find the 

proper steps in developing these products (Sukmadinata, 2006). 

 

RESULT & DISCUSSION  

This research was focused on the design of making chemical learning 

media applications on one of the chemical bond materials, namely molecular 

geometry. The steps in making this mobile learning application are adapted from 

the Borg & Gall development model (2003), which consists of ten stages. The 

ten stages are summarized into three parts, namely design, development, and 

evaluation. This study lasted for two years. In 2023, the design and 

development part were conducted. In the following year, the evaluation part 

will be carried out. The following explains the research process that will be 

carried out in the first year, focusing on the design part. The design part consists 
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of two stages, namely (1) data collection in the form of needs analysis and (2) 

planning. The following is an explanation of the application design activities. 

A. Preliminary Analysis Stage 

The preliminary analysis consists of research and data collection (research 

and information). The research and data collection stage was carried out by 

distributing a needs analysis questionnaire to teachers and students of the 

Chemistry Education Study Program, FKIP Open University. The 

questionnaire was filled in by 50 respondents in May-June 2023 through a 

Google form link. The questionnaire contains questions about the experience and 

opinions of respondents regarding the learning of molecular geometry that has 

been done. At this stage, experts were also interviewed to identify the features 

and content needed in the learning process of molecular geometry. Interviews 

were conducted with two chemistry teachers and two Chemistry Education 

Study Program students at FKIP (Faculty of Teacher Training and Education), 

Open University. The results of the questionnaire and interviews were used for 

the development stage. The following is the explanation. 

 

Preliminary Analysis of Teachers and Students. 

Based on the answers from the questionnaires that have been distributed, 

teachers and students have understood the molecular geometry material well, 

which is 96.7%. Therefore, it can be investigated the difficulties arising during 

learning the material from the perspective of teachers and students. The results 

show that 50% of respondents feel that the concept of molecular geometry 

material is classified as abstract. As many as 33.3% stated that they find it 

challenging to teach molecular geometry material because there is no learning 

media that is effective and adequate in understanding the material. It is due to 

the learning method that is usually used needs to be more varied. Based on the 

response, 76.7% of respondents stated that students understand molecular 

geometry material only through practice questions, 70% through discussion, 

53.3% in lectures, and 46.7% through presentations. In addition, 60% of 

respondents stated that they had yet to use technology-based learning media 

in learning molecular geometry material.  
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Only a little exploration has been done using molecular geometry learning 

media. From the questionnaire, 83.3% of respondents still utilize blackboards 

and markers in explaining molecular geometry material, and 70% use simple 

PPT/ICT. On the other hand, 5% of respondents understood the importance of 

spatial knowledge in understanding molecular geometry material by using 

molymod media in the learning process. Therefore, as many as 76.7% of 

respondents agreed that making 3D modeling media from chemical bonds / 

molecular geometry is necessary to overcome the problem of students' 

difficulties in understanding molecular geometry material. As many as 60% of 

respondents from teachers and students also agreed to use learning videos as a 

solution to explaining molecular geometry material. 

Regarding mobile learning knowledge, 63.3% of respondents already knew 

about mobile learning. However, from all responses, respondents stated that they 

rarely used mobile learning in the learning process or even not at all. In this 

modern era, learning using technological media significantly impacts learning 

(Sakat et al., 2012). Therefore, advanced technology can be utilized to develop 

more creative and innovative learning media. Mobile learning media is one of 

the options that can be used in the learning process. All respondents agree and 

are interested in mobile learning being used as a learning media for molecular 

geometry material with additional features of learning videos and practice 

questions. In addition, respondents also think that students' understanding can 

be improved by practicing 3D shapes to make them more attractive. Innovative 

mobile learning media makes learning more accessible, engaging, and practical 

(Huang et al., 2016). 

Mobile learning is equipped with Augmented Reality technology to practice 

3D shapes. 60% of respondents do not know Augmented Reality technology, and 

83.3% of respondents have never used Augmented Reality technology in the 

learning process. From the advantages of Augmented Reality, 96.7% of 

respondents agreed that mobile learning based on Augmented Reality can 

facilitate understanding of the material and is suitable for studying molecular 

geometry. It is in line with the results of research by Iordache et al. (2012), which 

states that students understand more and learn chemistry quickly using 

augmented reality. Mustaqim (2016) also said that using Augmented Reality is 

very useful for interactive and authentic learning media directed by students. 
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Based on respondents' answers related to the ethnopedagogical approach, 

60% of respondents need help understanding the approach, and 73.3% have 

never held a learning process with an ethnopedagogical approach. 

Implementing the current curriculum directs teachers to develop learning 

approaches to be more effective and preserve their culture. In the 

ethnopedagogy, research focused on Palembang Culture, with the results of 

66.7% of respondents recognized Palembang cultural products such as cuko 

pempek, pindang, and Palembang batik. Learners' cultural background 

significantly affects the educational process if incorporated into the classroom 

learning process (Sumarni, 2016). It is because learners have spent their time in 

an environment influenced by community culture rather than formal education 

theory. More than 90% of respondents agreed if the material in molecular 

geometry mobile learning is integrated with Palembang culture so that learners 

can be interested in understanding learning contextually. 

 

Expert Preliminary Analysis 

Based on interviews conducted with experts, learning molecular geometry 

material is an essential basic concept and must be based on the previous 

material, namely Lewis structure. 

"The success of students in chemical bonding material must be based on the 

initial understanding of students based on the previous material, namely the 

Lewis structure, if students need help in applying Lewis structure in describing 

valence electrons in an element. Then, students will need help in making chemical 

bonds. So far, students only practice chemical bonds using plasticine and 

toothpicks / molimods but are limited because it is difficult to describe free electron 

pairs, so visualized chemical bond models are limited (Expert Interview, June 

21, 2023)." 

According to expert testimony, the things needed in learning molecular 

geometry are spatial abilities and concept understanding. In addition, learning 

molecular geometry is generally still focused on memorization skills and less 

training spatial abilities. Chemical material that is theoretical with 

memorization makes students less interested in learning it (Nuraeni, 2015). 
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Teachers must have creativity and innovation to create engaging and exciting 

student learning (Setyaningsih et al., 2015). 

“Molecular geometry material is challenging for students to understand because 

the material requires spatial intelligence. In addition, they must have strong 

comprehension and analytical power because the material is introductory material 

that is very theoretical and conceptual, which has so far been taught by 

memorizing methods." 

Then there are some evaluations of the molecular geometry learning 

process that has been carried out. As stated by the expert: 

"Needing an easy way to visualize complex and varied forms of chemical bonds 

due to the lack of easy and efficient tools." 

From the evaluation submitted, experts argue that using suitable media 

can make learning molecular geometry enjoyable. 

"Learning by using media easily accessible to students with chemical bonding 

material with different atomic model colors can rotate according to the bond angle 

influenced by lone pair repulsion. Close to or even the same as the chemical bond 

with various colors and can be learned anywhere." 

From the interview, experts agree that the learning process on molecular 

geometry material uses mobile learning based on Augmented Reality because it 

can be used as alternative learning. In addition, mobile learning can add 

flexibility to teaching and learning activities. However, this mobile learning 

model still needs to be maximally utilized by parties or educational institutions, 

even though it can be used as an effective self-learning tool for students because 

they can freely access the available materials. (Alyahi et al., 2015). 

"Agree, by using technology, students can learn more varied chemical bonds, a 

visual display that is fresher, more interesting, and the model is easily remembered 

by students so that students can be more enthusiastic in learning chemical 

bonds." 

Experts also agreed if ethnopedagogical approach is used in creating 

mobile learning content. Learners' cultural background significantly affects the 

educational process if incorporated into the classroom learning process 

(Sumarni et al., 2016). It is because learners have spent their time in an 

environment that is created/influenced by the culture of the community rather 

than formal education theory. 
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"It will be good and unique. Moreover, chemical bonding material cannot be seen 

with the naked eye. In addition, it can also add insight to students related to 

molecules in life so that learning becomes meaningful." 

It is in line with the opinion of Saputra and Gunawan (2021), which states 

that developing engaging learning media will help students understand 

learning materials and absorb the information provided. Using learning media 

is essential so that the learning process becomes more effective. In addition to 

the use of active and exciting learning media, media that is easily accessible 

online is also needed in order to make it easier for students to understand the 

material provided. (Samoling et al., 2022). It cannot be separated from the 

characteristics of online learning, namely (1) interactive; (2) independent; (3) 

accessibility; and (4) enrichment. (Hamid et al., 2020). 

In mobile learning, atomic modeling, practice questions, and materials are 

the features needed to learn molecular geometry. 

"The selection of atomic models that are varied and different in color, the existence 

of lone pair repulsion, there are practice questions/quizzes, there is introductory 

material, short but concise material, and most importantly, 3D visualization of 

molecular shapes (Expert Interview, June 21, 2023)." 

B. Planning Stage 

Many chemical concepts are easier to understand if presented visually or 

in 3D. To be able to learn chemical bonding well, learners must be required to 

master spatial skills and have adequate spatial vision. Learners must 

understand bonding concepts, such as orbitals, electronegativity, electron 

repulsion, and polarity, that allow learners to predict and explain a substance's 

physical and chemical properties. Not all concepts can be explained simply by 

theory or by imagining the types of bonds formed.  

Molecular geometry in chemical bonding material is included in the 

submicroscopic representation level. The concept of submicroscopic is natural 

but too small to be observed, so it requires the ability of imagination to 

understand it (Gilbert & Treagust, (2009). Hilton & Nichols (2011) found that 

understanding of chemical concepts will also increase if learners increase their 

representational competence. If learners find it easy to understand molecular 
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geometry by using multiple representations, they can visualize concepts at the 

molecular level. Moreover, applying the ethnopedagogical approach can be 

contextualized learning so that students easily understand it. The product to be 

developed in this research and development will be mobile learning that can be 

accessed by all people as a medium of learning material molecular geometry 

based on augmented reality using an ethnopedagogy approach. The materials 

discussed in this developed product are bond formation, types of molecular 

shapes, polarity, and introduction to hybridization. The characteristics of 

molecular geometry material are abstract and a combination of conceptual 

understanding and application. Therefore, a learning process carried out by 

direct observation is needed to make learning more meaningful. 

 

CONCLUSION  

 Based on the problems and the analysis of student and expert needs, it is 

known that mobile learning media is needed as an alternative learning resource 

for students that can be accessed via smartphones in learning molecular 

geometry material. The mobile learning media design is expected to improve 

students' spatial abilities because it is based on augmented reality. The advantage 

of this augmented reality method is an attractive visual display because it can 

display 3D objects that exist in the natural environment. This research produces 

a mobile learning application design that can be accessed using a smartphone with 

an Android operating system. The content in this media consists of AR 

simulations, materials, learning videos, quizzes, discussions, and info per the 

results of the analysis of student and expert needs. The results of the design 

stage are used for the next stage, which is application development. 
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