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Abstract 

The aim of this research is to create integrated augmented reality learning media in 

the form of an application that focuses on the acid base material in the F phase or 

senior high school phase. Along with the development of the world of education, 

various kinds of new learning media have emerged. One of the interesting 

technologies that can currently be developed on Android is Augmented Reality 

(AR). Augmented Reality is considered one of the most advanced technologies in 

virtual reality research and is effective as a learning medium, especially chemistry. 

Augemented Reality is a technology that combines the real world with a computer-

generated virtual world so that the boundaries between the two worlds are very 

minimal. Because of its advantages, AR can be used to create learning applications 

that can support the teaching and learning process. One lesson that can utilize this 

technology is chemistry learning about acids and bases. This application was 

created with Blender 3D software to create 3D acid base objects, Easy AR and 

Unity 3D to build applications. This media design was adopted by the Plomp 

development media. Where the design of this media is in accordance with the needs 

of schools which expect learning media to contain animation and be guided by 

questions that can guide students in discovering concepts. It is hoped that this 

learning application can be used at school and outside school as a support in 

learning chemistry, especially acids and bases. 
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INTRODUCTION 

According to the Ministry of Education and Culture of the Republic of Indonesia, chemistry 

is grouped into science and technology which has developed competencies that require 

students to have factual, conceptual, procedural and metacognitive knowledge in learning 

natural sciences (Putri & Muhtadi, 2018) . Chemistry is the study of matter which includes 

the properties of matter, changes in matter, and the energy associated with these changes. 

Material in chemistry is studied by observing the properties and characteristics of each 

substance (Silberberg, 2013). This causes most chemical concepts to be abstract because they 

involve understanding that cannot be observed directly with the human senses (Wirya et al., 

2009). According to Bowen & Bunce, students' ability to represent chemical problems and 

translate them into macroscopic, submicroscopic and symbolic representations is very 

necessary to understand chemistry learning concepts. Learning materials with three levels of 

representation and a high level of conceptual difficulty are acids and bases. This is because 

understanding the concept of acids and bases requires integration with other concepts both 

those that have been taught and those that will be taught in the future (Azizah et al, 2022 ). 
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Based on research by Atika & Latisma (2022), the level of student learning difficulty with a 

percentage of 77.2% in indicator 1, namely analysis of solution properties based on acid-base 

theory according to Arrhenius, Bronsted-Lowry and Lewis, is included in the high learning 

difficulty category. Based on data analysis and discussions carried out by Azizah et al (2022), 

learning difficulties occur in all acid-base concepts. One way to help students is to utilize 

technology-based learning media which is currently developing . According to Azhar 

(2015:19) States that use of learning media in the learning process teach can awaken desires 

and interests new , give rise to motivational and stimulating activity Study even give effect 

psychological for student (Burhanudin et al, 2017) . Learning media has an influence on 

students' cognitive learning outcomes (Tanjung, 2015) 

Choosing the right learning media will attract students' interest in learning and be able to 

make students active in learning (Rosma et al., 2019 ) . The development of learning media 

based on information and communication technology is currently increasingly developing 

and has become a necessity that must be mastered by teachers and students (Zahwa & Syafi'i, 

2022). So technology has a very important role in the field of education, such as the 

emergence of digital media which is used as a learning medium and the learning process can 

be carried out via the internet (Indarta et al, 2021 ). Information and communication 

technology in the world of education can be utilized by educators to create effective, creative 

and educational learning media. 21st century learning requires educators to be able to develop 

various technology-based learning media. One of the results of technological developments 

that is widely used in the 21st century is smartphones with the Android operating system 

(Abdul Majir, 2019).  

Based on teacher interviews distributed across three school namely at State Senior High 

School (SMAN) 3 Padang, SMAN 7 Padang and Senior High School (SMA) Pembangunan 

UNP. Teacher at three school the use two type of learning media that is printed module and 

Ms. Office Power Point base media. Instructional Media with using an Android- based 

application yet There is used . Whereas Smartphone with system Android operation is one of 

them results development lots of technology used in the 21st century (Khairini & Yogica, 

2021). According to data reported from goodstats.id, the Ministry of Communication and 

Information (Kemenkominfo) stated that the use of smartphones has reached 167 million 

people with a percentage of 89% of the total population of Indonesia. The phenomenon of 

many smartphone users provides a great opportunity for the development of technology that 

is useful in the field of education. Mobile technology, such as gadgets, offers opportunities to 

facilitate student-centered learning (Chen & Tsai, 2021). One technology that can be utilized 

in the education sector which can improve the learning experience is Augmented Reality 

(Mustaqim, 2016). 

Based on research conducted by Nachairit & Srisawasdi (2016). Entitled "Using Augmented 

Reality Cars For Chemistry Learning Of Acid-Base Titration: Correlation Between 

Motivation And Perception" Research results This show influence motivation to chemistry to 

perception students to learn in environment based augmented reality learning inquiry that 

motivation student to chemistry own impact Partial to perception they towards mobile 

augmented reality. There is two dimensions namely significant Flow and Enjoyment related 

with Intrinsic Motivation, Career Motivation and Self Determination. It means , feeling 

pleasure and perception student to channel experience Study depends on feelings Study 

science for himself himself , and as tool to achieve objective . With Thus , we can use AR for 

participants who have effect positive and negative ( Nachairit & Srisawasdi , 2016). 

Augmented Reality has the potential to be used as a learning medium, because it can make 

the learning process more interesting and clear. Currently, almost all teachers and students 
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have gadgets, so there are no significant obstacles in using Augmented Reality as a learning 

medium (Ismayani, 2020). The use of Augmented Reality technology in education has 

several advantages over traditional teaching methods. Augmented Reality provides a more 

immersive and interactive learning experience (Turkan et al., 2017). This allows students to 

observe visualizations of abstract concepts that are present in real environments. Augmented 

Reality technology can increase student engagement and motivation so that it can make 

learning more fun and effective (Sarkar et al., 2020). 

Augmented Reality technology provides a more personalized learning experience, allowing 

students to learn at their own pace and with more focus (Köse & Güner-Yildiz, 2021). 

Augmented Reality can display more interesting visuals with three-dimensional objects that 

seem to exist in a real environment. Augmented Reality technology can display animated 

objects in three dimensions along with audio from the material (Pramono, 2018). It is hoped 

that the combination of the virtual world and the real world can create a more effective and 

efficient learning process. Learning media that uses Augmented Reality technology can 

improve students' understanding because three-dimensional objects, text, images, video and 

audio can be displayed simultaneously directly (Abdoli-Sejzi, 2015). 

According to Salawati & Indrawati (2015), students will more easily understand a lesson if it 

contains animated images that can stimulate student creativity. Currently, many educational 

institutions and organizations have adopted Augmented Reality technology to improve the 

teaching and learning process. Augmented Reality is used in various subjects, including 

science to create a more interesting and interactive learning experience (Yildirim, 2020). 

Based on the opportunity to combine technology with Augmented Reality, research was 

conducted with the aim of designing a prototype of an interactive learning application using 

Augmented Reality to increase student understanding and enrich the learning experience. As 

in research by Supriono & Rozi (2018) which states that augmented reality in chemistry 

subjects are suitable for use in schools and increase students' interest in learning. 

 

METHOD 

This researcher using educational design research (EDR). EDR is systematic with the aim of 

designing, developing and implementing educational interventions. This research follows the 

plomp model, originally proposed by Tjeerd Plomp, which consists of three distinct stages: 

initial investigation, prototype development or formation, and assessment stage (Plomp, 

2013) . However study This only until two stages, namely the initial research and the research 

stage type prototypic formation . 

 

 

                                                                                                                                                              

Stage 

 

 

 

 

 

 

Figure 1 . Preliminary research stages 

Preliminary Research Needs and Context 

Analysis 

Literature Review 

Development of a 

Conceptual Framework 
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Material 

Characteristics 

Instructional Media 

Problems in the Learning Process 

 

A needs analysis was carried out by interviewing three chemistry teachers in different schools 

to find out a picture of the problems experienced by teachers and students regarding acid-base 

material and the implementation of the chemistry learning process. In chemistry learning, 

learning media is needed to support chemistry learning. However, in reality there are still few 

learning media available, especially regarding acid-base material. Context analysis is an 

analysis of the curriculum and syllabus. This analysis is carried out to identify, detail and 

systematically compile the scope of learning outcomes, learning materials and media that will 

be developed. In the first step, an analysis is carried out of the learning outcomes that 

students must have in accordance with the demands of the independent curriculum. This 

analysis was carried out on F phase (senior high school phase) for acid base material. 

Literature Review In this step, sources and sources related to research activities are sought. 

Books, journals, or online sources can be sources and references. In this step, the media is 

identified, detailed and explained along with the main concepts being studied, so that these 

concepts take the form of a concept analysis as an easy map. 

 

 

 
 

              

  required 

Figure 2 . Framework Conceptual 

Needs and context analysis, as well as a comprehensive literature survey, provided the basis 

for developing a conceptual framework. In this research, the researcher collected the context 

of thinking by connecting the problems obtained from needs analysis and context analysis 

with a literature survey as a reference. Based on these results, it will later become the basis 

for designing learning media for chemistry learning material in F phase. 
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          Figure 3 . Stages of Product Formation 

Initial product design is based on preliminary research. At this stage the application begins to 

be designed starting from the software engine used, the appearance of the application, and the 

Product Development Stages 

Preliminary Design Self- Evaluation 

Prototipe I Prototipe II 

Learning 

approaches 

Learning Application 

influenced 
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systematics of the application program. This design is made in the form of a flowchart which 

is the result of a prototype. 

The self-evaluation stage on prototype I was carried out by checking the components of 

prototype I with a checklist containing the required product components. After carrying out a 

checklist on the learning media design, if there are still parts that are missing then revisions 

are carried out to produce prototype II. 

 

RESULTS AND DISCUSSION 

Application design using the Plomp development model in this research aims to produce a 

prototype II to find out whether the application design can function fully according to design 

based on the results of preliminary research analysis. 

 

Needs and Context Analysis 

The goal of this analysis is to deeply understand user needs and the context in which the 

augmented reality application will be used. By understanding user needs and context of use, 

developers can design and develop augmented reality applications that are more relevant, 

functional, and engaging for users. Data was obtained through distributing questionnaires to 

students and 3 chemistry teachers from SMAN 3 Padang, SMAN 7 Padang, and SMA 

Pembangunan UNP as well as 99 students from these 3 schools. One of The results of the 

questionnaire for the three schools can be seen in Appendix 1. 

According to the Ministry of Education and Culture of the Republic of Indonesia, chemistry 

is grouped into science and technology which has developed competencies that require 

students to have factual, conceptual, procedural and metacognitive knowledge in learning 

natural sciences (Putri & Muhtadi, 2018). According to Bowen & Bunce, students' ability to 

represent chemical problems and translate them into macroscopic, submicroscopic and 

symbolic representations is very necessary to understand chemistry learning concepts. 

Learning materials with three levels of representation and a high level of conceptual 

difficulty are acids and bases. This is because understanding the concept of acids and bases 

requires integration with other concepts both those that have been taught and those that will 

be taught in the future (Azizah et al, 2022). This is in line with data obtained from 99 stage F 

students for the 2022/2023 academic year, that 79.6% of them experienced difficulties in 

understanding the concepts contained in the acid-base material. 

 

            

       Obtained from 

 

 

 

 

 

 

 

     Figure 4 . Needs and Context Analysis 

One of the causes of students' low understanding of concepts is that teachers rarely use media 

that can present images containing abstract concepts well in learning activities. The use of 

Needs and Context Analysis 
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modules 
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• In the form of 

filling out a 
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visual media is more interesting for students in learning because visuals have a greater 

influence on the ease of understanding the material (Safitri & Sa'dudin, 2019). Based on a 

questionnaire distributed to 3 teachers, 100% of teachers used PPT, module and LKPD media 

in the acid-base learning process, where the media contained more text and images that were 

less clear. According to Siirtola et al (2014), media that can support presentations is at least 

accompanied by clear image visualization and concise description of the text. The use of 

media with explanatory text that is not concise and visualization of images that are not clear 

causes students to tend to prefer to memorize each material in the media presented and write 

it back in their notebooks before taking daily tests (Appendix 2). 

Choosing the right learning media will attract students' interest in learning and make students 

more active in learning. Three teachers stated that the media used in acid-base learning 

activities did not attract students' attention, so students were less active during the acid-base 

learning process. This shows that the choice of media used in the acid-base learning process 

is not appropriate to support student-centered learning activities. Mobile technology offers 

opportunities to support student-centered teaching and learning activities (Chen & Tsai, 

2021). Based on the questionnaire distributed, 100% of students use personal devices at 

school to support the learning process at school. Even though gadgets have been used in acid-

base learning activities, in fact most students use these gadgets for online games and 

interactions on social media. 

 

Figure 5. Percentage students who have smartphones 

The high use of gadgets among students can be used as technology-based media that can 

guide students in discovering concepts to support learning both at school and outside school. 

One technology that utilizes student-oriented learning devices is learning media in the form 

of applications that are integrated with Augmented Reality. 

 

Literature Review 

The literature review aims to find and understand sources related to the development 

activities carried out. The literature review was carried out by looking for references related 

to learning media design activities in the form of interactive applications using Augmented 

Reality technology on acid-base material. Study Relevant past _ with study This including : 

Research conducted by FS Irwansyah , YM Yusuf, Farida, MA Ramdhani (2018). Entitled 

"Augmented Reality (AR) Technology on The Android Operating System in Chemistry 

Learning" Via study based design , has succeed developed A product in the form of learning 

media AR- based on the Android system . Learning media test results AR based on the 

concept geometry molecule in a way whole has fulfil condition Enough worth using _ as 
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source Study with percentage 70.83-92.50%. This result show that learning media AR- based 

on the Android system has the potential to be applied to learning chemistry especially 

regarding material geometry molecule (Irwansyah et al, 2018) . 

Learning with Augmented Reality media can increase students' interest in learning and 

students' understanding of concepts. This is supported by research by Nachairit & Srisawasdi 

(2016) whose research results show that the use of Augmented Reality provides positive 

results for students to increase student enthusiasm. Augmented Reality media in chemistry 

learning can improve students' 4C abilities (Critical Thinking, Creative Thinking, 

Collaboration and Communication). 

 

conceptual framework 

The theoretical framework was prepared based on the results of needs and context analysis as 

well as literature review. The conceptual framework is given in Figure 6. 

 
 

 
 
 
 
 
 
 

Required 
 
 
 
 

        Developed with 
 
 

 

Results 

 
 
 
 

Figure 6 . Conceptual framework 

Initial design 

The initial stage of product development in this research is application design. This 

augmented reality integrated application is designed using a combination of several software. 

Unity 3D software is used as an application creation studio. Blender software is used to 

design the required three-dimensional objects and their animations. EasyAR is used as a 

provider of Augmented reality creation features connected to Unity 3D. Adobe Illustrator is 

used to create designs from markers or target images that will be scanned on AR cameras and 

other visual design needs for application displays. The target image is designed like a 

flashcard by providing some important information about the three-dimensional object that 

will appear. The flow diagram of implementation activities is presented in Figure 7. 

 

Learning Process Problems 

• The learning media used by teachers contains more text and the images presented are less clear 

• Less than optimal use of devices by students for learning activities 

• Characteristics of acid-base materials 

Learning media is needed in the form of applications using Augmented Reality technology for 

interactive acid-base material that can increase students' interest in learning 

Developed using the Plomp model 

Prototype II is a learning application that functions according to design based on the results of needs and 

context analysis 
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Figure 7. Application flow diagram 

Flowcharts help plan, develop, test, identify problems, and document application workflows 

efficiently. Apart from the flowchart, in the initial planning an application storyboard is also 

designed. Application storyboards aim to visualize concepts, organize storylines, identify 

design needs, facilitate team collaboration, and serve as reference documents in application 

development. The application storyboard is given in Table 1. 

Table 1. Application Storyboard 

Page 

 

Appearance Information 

Cover 

 

cp tp & atp , turn, exit, 

software , instructions and 

developer. 
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Go out 

 
 

If the user clicks the yes 

button then the application 

will exit, and if the user 

clicks the no button it will 

return to the cover. 

CP, TP, & 

ATP 

 
 

This scene contains cp, tp 

and atp. Exit button to 

return to cover. 

 

 

 

 

Instruction 

 
 

Contains instructions for 

using the application, exit 

button to return to cover . 

 

 

 

device soft 

 
 

Contains information 

about what software was 

used to develop the 

application, and an exit 

button to return to the 

cover. 

developer 

 
 

Contains application 

developer profile 

information and an exit 

button to return to cover . 
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Play 

 

Contains a selection of 

materials that can be 

selected by the user, exit 

button to return to the 

cover. 

Introduction 

 
 

acidic basic material 

(videos & quizzes). Exit 

button to return to the 

material selection scene. 

 

 

 

Ingredients 1 

 
 

Contains acid-base 

material regarding 

Arrhenius theory (images, 

animations, and videos as 

well as quizzes), AR to 

view 3D objects and an 

exit button to return to the 

scene to select material. 

Ingredient 2 

 
 

Contains acid-base 

material regarding 

Bronsted-Lowry theory 

(images, animations and 

videos as well as quizzes), 

AR to view 3D objects 

and an exit button to 

return to the scene to 

select material. 

Ingredient 3 

 
 

Contains acid-base 

material regarding Lewis's 

theory (images, 

animations, and videos as 

well as quizzes), AR to 

view 3D objects and exit 

button to return to scene, 

select material. 
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Material 4 

 

Contains acid-base 

material regarding acid-

base internal ion balance 

solutions (images, 

animations, and videos as 

well as quizzes), and an 

exit button to return to the 

scene to select material. 

Material 5 

 
 

Contains acid-base 

material regarding degrees 

of PH similarity (images, 

animations, and videos as 

well as quizzes), and an 

exit button to return to the 

scene to select material 

Evaluation 

 

For evaluation questions, 

users click the Google 

Forms link. Exit button to 

return to the selected 

material. 

 

 

Self evaluation 

Self-Evaluation is carried out after realizing the design needed to create an integrated 

Augmented Reality application on acid-base materials. Self-evaluation is carried out after 

realizing the design needed to create an integrated Augmented Reality application on acid-

base materials. Self-evaluation is carried out using a check-list method to see the 

completeness of prototype I. Prototype I which passes the self-evaluation stage will become 

prototype II of the product being developed. Application functions are designed based on the 

results of analysis in initial research according to user needs, where in general the application 

contains material, AR pages and quizzes.  

Previous research by Supriono & Rozi (2018) stated that applications with Augmented 

Reality were successfully built, could run well from the aspect of functional suitability and 

stated that students' interest in learning could increase due to the existence of learning 

applications assisted by Augmented Reality media. However, learning applications are not 

yet equipped with an interactive learning process where the application does not guide 

students in discovering concepts. Therefore, in this research a learning application was 

designed which is equipped with material that guides students to discover concepts using 

prompting and quiz methods as well as direct observation of 3D objects without the need for 

markers. This application was developed using the Plomp development model. In developing 

Plomp, self-evaluation was carried out using a checklist instrument. The results of the self-

evaluation are presented in Table 2. 
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Table 2. Self Evaluation Results 

No Page Information Displaying Conclusion 

1. Cover The cover page displays 

successfully with an exit 

button at the top left to 

exit the application, and 

another button for the 

next menu . 

 

 

 

Succeed 

2 Cp, Tp & 

atp 

The curriculum page 

successfully displays CP, 

TP, and ATP as well as an 

exit button to exit the 

application 

 

 

 

Succeed 

3. software On the successfully 

displayed software page , 

the exit button returns to 

cover. 

 

 

 

Succeed 

4. Instruction On the success instruction 

page displayed, the exit 

button returns to the 

cover. 

 

 

 

Succeed 

5. developer On a successfully 

displayed developer page 

, the exit button returns to 

cover. 

 

 

 

Succeed 

6. beginning On the Play page there is 

a selection of materials 

that the user can select, 

and exit to return to the 

cover 

 

 

 

Succeed 
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7. Introductio

n 

On the introductory page 

there is an explanation of 

the basic acid material 

(images, videos and 

quizzes). Exit button to 

return to the options menu 

 

 

 

Succeed 

 

8. Ingredients 

1 

After the introductory 

page is complete the user 

can continue to material 

page 1, on this page there 

are resources material 

base about theory 

arrhenius , camera button 

to view 3D objects and 

exit to return to the 

material selection page. 
 

 

 

Succeed 

9. Ingredient 

2 

basic material regarding 

Bronsted Lowry's theory , 

a camera button to view 

3D objects and exit to 

return to the material 

selection page. 

 

 

 

Succeed 

10. Ingredient 

3 

After the material on page 

2 is complete, the user can 

continue to material on 

page 3, on this page there 

is material on acids and 

bases about theory Lewis 

, camera button to view 

3D objects and exit to 

return to the material 

selection page. 

 

 

 

Succeed 

 

11. Material 4 After material on page 3 

is complete, users can 

continue to material page 

4, on this page there is 

acid-base material 

regarding acid-base 

internal ion balance 

solutions , and exit to 

return to the material 

selection page.  

 

 

Succeed 
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12. Material 5 After the material on page 

4 is complete, the user can 

continue to the material 

on page 5 , on this page 

there is material about 

acids and bases . degree 

of pH equivalence , and 

exit to return to the 

selected ingredient page.  

 

 

Succeed 

1 3 . Evaluation After the material on page 

4 is complete, the user can 

continue to the evaluation 

page, on this page the user 

can test his understanding 

of the material presented 

by clicking Google from. 

Exit button to return to 

the material selection 

menu . 

 

 

 

Succeed 

 

 

   

   

Figure 8. 3D AR produced 

The designed application is equipped with existing research designs by providing a main 

menu which is equipped with several sub menus, namely curriculum, instructions, 

application, and main to continue on the material selection page. On the material selection 

page there are several sub-materials. The material displayed is oriented towards student 

processes where students discover concepts independently by carrying out each programmed 

process complete with quizzes and observations through 3D objects in Augmented Reality 

without the need for markers. 
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CONCLUSION 

Based on initial research data and the product formation stage, it can be concluded that the 

learning application design using the Plomp development model produced a Prototype II that 

conformed to the design based on the results of the analysis in the initial research as 

successful as expected. This application is a solution as a learning medium that can help users 

better understand acid-base material through discovering concepts using augmented reality 

and testing each sub-material. It is hoped that this application prototype can be continued to 

produce an interesting learning application using Augmented Reality on acid-base material 

that can be used in schools and outside of school to support chemistry learning. 

 

RECOMMENDATION 

Recommendations based on the research results, it is hoped that this application prototype 

can be continued so as to produce an interesting learning application using Augmented 

Reality on acid-base material which can be used in school and outside school as a support for 

chemistry learning, especially acid-base. basic material. 
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Appendix 1. Sample of the Teacher Questionnaire Results 
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Appendix 2. Recapitulation Teacher Questionnaire 

 

 

 

 


