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 Augmented Reality integrated media has the ability to 

display concept visualizations. Augmented Reality 

integrated media on the material of atomic theory 

development has been developed by previous researchers. 

This study aims to determine the level of practicality of 

Augmented Reality integrated media on the material of 

atomic theory development in learning and its effectiveness 

on learning outcomes. The type of research used is pre-

experimental with a research design, namely One-group 

Pretest-Posttest Design. The sample class is X E.1 SMA 

Negeri 1 Sabak Auh. The instrument used in the 

practicality test is a questionnaire while the effectiveness 

test uses a cognitive knowledge test instrument in the form 

of multiple choices. The results of the study obtained a 

practicality value of 0.92 while the effectiveness test 

showed an average N-gain value of 0.72 in the high 

category. Hypothesis testing using the Wilcoxon match 

pairs test assisted by SPSS at a significance level of 0.05 

obtained an Asymp. Sig. (2-tailed) value of <0.000 with the 

hypothesis decision accepted. So it can be stated that the 

integrated Augmented Reality learning media on the 

material on the development of atomic theory has proven 

effective in significantly improving student learning 

outcomes. 
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1. Introduction 

 

Chemistry is a science that studies the composition, structure of chemical 

substances and their relationship to the properties of the substance, the change of 

one material into another and the energy involved in the change of matter (Syukri, 

1999). Chemistry is still considered difficult by some students because many 

materials contain abstract and memorization concepts (Rahmi et al., 2021) and 

cannot be observed directly (Wirya et al., 2009). 

The development of atomic theory is one of the chemical materials that has 

several abstract concepts. The development of atomic theory is a fundamental part 
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of chemistry. The development of atomic theory has several discussions such as 

the particles that make up atoms, atomic number and mass number and the 

development of atomic models. Most students have difficulty distinguishing 

between various types of atomic theories because all of them are almost the same 

and how to determine the particles that make up atoms in an element (Afrianis & 

Ningsih, 2022). Several concepts in the material on the development of atomic 

theory are difficult for students to understand, one of the contributing factors is 

the lack of visualization of abstract concepts such as the structure of the atom 

itself (Wirya et al., 2009). 

Based on the results of initial observations conducted on 32 Phase E students and 

1 chemistry teacher of SMAN 1 Sabak Auh, it showed that students were not fully 

active in the learning process so that the learning outcomes obtained by students 

were also not optimal. This is evidenced by the learning outcomes of students in 

Phase E, Odd Semester of the 2022/2023 academic year for the material on the 

development of atomic theory, the average summative value was 68.60 below the 

Learning Objectives Achievement Criteria (KKTP). It is known that as many as 

81.3% of students' understanding of the material on the development of atomic 

theory is still categorized as moderate. Teachers have used textbooks, LKPD and 

Power Point in learning. However, the media used have not been able to visualize 

the abstract concepts contained in the material on the development of atomic 

theory. Students tend to memorize the concepts in textbooks/textbooks and 

notebooks, even some students choose not to study them again because students 

find it difficult to understand the explanation of the material delivered by the 

teacher. This is in line with research by Afrianis & Ningsih (2022) that students 

find it difficult to understand the explanations given by teachers and rarely repeat 

learning at home, students only rely on textbooks available at school. 

The results of a study by Fanmita (2023) on 5 teachers and 106 students in three 

different high schools in Padang City, showed that teachers had used media in the 

learning process of atomic theory development material. However, the learning 

media used could not display abstract concepts. The teacher provided explanatory 

text and images that were not clear enough so that they did not attract students' 

attention and caused students to be less active during the learning process. As 

many as 92 students still had difficulty understanding the concept of atomic 

theory development. So that less than 75% of students still got scores below the 

KKM. 

One way to overcome this is to use learning media that supports visualizing 

abstract concepts. Learning media is basically an intermediary used by educators 

in delivering material so that the material reaches and is understood by students 

(Audie, 2019). The use of learning media can increase learning motivation 

(Febrita & Ulfah, 2019) and learning interest (Tafonao, 2018) so that it can affect 

the activeness and cognitive learning outcomes of students. In addition, the use of 

learning media can help teachers explain material to students so that the learning 

process becomes more interactive and makes learning time more efficient. 

Learning media that can visualize concepts are needed to help students understand 

the material (Novita & Harahap, 2020). 
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In recent years, Augmented Reality has been considered as one of the 

technologies that can significantly improve the learning process (Fauziyyah, 

2019). Integrated Augmented Reality learning media can help visualize abstract 

concepts so as to increase students' interest in learning (Mustaqim, 2016), make 

the material presented easier to understand by users (Mustaqim & Kurniawan, 

2017), and can improve student learning outcomes (Acesta & Nurmaylany, 2018). 

One of the Augmented Reality development technologies that is easily accessible 

to many users is via mobile phones (Mahendra, 2016). Because of its advantages, 

integrated Augmented Reality media can be utilized to support the teaching and 

learning process in order to improve student learning outcomes. 

Several studies conducted on the application of Augmented Reality learning 

media have obtained good results. Research conducted by Apriani et al. (2021) 

showed that modules based on multiple representations with the help of 

Augmented Reality technology have been proven to help students understand the 

concept of chemical bonds. In addition, the modules used are also able to support 

chemistry teachers in explaining the topic of chemical bonds and make it easier 

for students to visualize the abstract concept of chemical bonding material. The 

next study conducted by Ibisono et al. (2020) also obtained results that learning 

media in the form of pocket books based on Augmented Reality on the material of 

planetary motion has been proven to be effective in improving student learning 

achievement. Other research conducted by Husnaini et al. (2023) showed that the 

Augmented Reality-based teaching materials developed were suitable for use 

because they were able to improve learning outcomes and student attention. 

Currently, integrated Augmented Reality learning media has been developed by 

Fanmita & Guspatni (2023) which has been tested for validity but has not been 

tested for practicality and effectiveness. Therefore, this study aims to see the level 

of practicality and effectiveness of integrated Augmented Reality learning media 

on the material on the development of atomic theory on the learning outcomes of 

Phase E SMA/MA students. 

 

2. Methodology 

This research is a further development research with the Plomp model which has 

3 stages of development, namely: (1) preliminary research stage, (2) prototyping 

stage and (3) assessment stage. Previous research has conducted the preliminary 

research stage to the prototyping stage (formation of prototypes 1, 2 and 3). 

This study is only limited to the small group stage, where the actions taken are 

practicality tests and effectiveness tests on integrated Augmented Reality learning 

media on the material of atomic theory development. The type of research used is 

pre-experimental with a one-group pretest-posttest design. The design of this 

study can be seen in Table 1. 

Table 1. One Group Pretest-Posttest Design 

Class Pretest Treatment Posttest 
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Eksperiment O1 X O2 

The research population is all research targets (Sugiyono, 2023). The population 

in this study were all students of Phase E of SMAN 1 Sabak Auh in the 2023/2024 

academic year. This study consisted of one sample, namely class X E.1 of SMAN 

1 Sabak Auh, consisting of 35 students selected using purposive sampling 

technique. 

The variables in this study consist of independent variables and dependent 

variables. The independent variable in this study is the integrated Augmented 

Reality learning media on the material of atomic theory development. The 

dependent variable is the learning outcomes of students on the material of atomic 

theory development. 

The instrument in the practicality test is in the form of a practicality questionnaire 

while the effectiveness test uses a test instrument in the form of multiple choices 

consisting of 20 questions with 5 answer choices, but the questions analyzed in 

this study were only 9 questions, because only these questions were included in 

the learning objectives of the development of atomic theory. Before the learning is 

carried out, the sample will be given an initial test in the form of a pretest to see 

the initial abilities of students regarding the material to be taught. Furthermore, 

treatment or treatment is given using integrated Augmented Reality learning 

media on the material on the development of atomic theory that has been 

developed. At the final stage of learning, a posttest or final test will be carried out 

to measure the extent to which students understand the concept of the material 

that has been studied in order to see the effectiveness and draw conclusions. 

Data analysis techniques to obtain research results include a practicality test using 

a practicality questionnaire with a semantic differential scale which is then 

analyzed using the Aiken's index formula. While for the effectiveness data 

analysis using N-gain to determine how effective the media used is. The normality 

test is carried out to determine whether the sample distribution is normal, the test 

used is the Shapiro Wilk test with the SPSS application. The hypothesis test aims 

to determine whether the research hypothesis can be accepted or rejected. The 

hypothesis test used is the Wilcoxon match pairs test using the SPSS application. 

 

 

3. Results and Discussion 

Result 

This study was conducted to determine the level of practicality of Augmented 

Reality media in learning and its effectiveness on learning outcomes. The results 

of the research that has been conducted can be seen in Table 2. 

 

Table 2. Practicality Test Results 

Rated Aspect Value V Category 

Ease of Use 0,92 Practical 
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Learning time efficiency 0,91 Practical 

Benefits and attractions 0,92 Practical 

Average 0,92 Practical 

In Table 2, it can be seen that the integrated Augmented Reality learning media on 

the material on the development of atomic theory has an average V value of 0.92 

with a practical category after being interpreted in the Number of category 

Aikens'V. 

After the media is declared practical, the next stage is to conduct an effectiveness 

test on the integrated Augmented Reality learning media on the material of the 

development of atomic theory. Effectiveness is carried out on a small group scale 

which is measured through the results of processing the pretest and posttest data 

of students. The following are the average results of the pretest and posttest of 

students which can be seen in Figure 1. 

 

Figure 1. Average Pretest Results and Posttest 

From the picture, it can be seen that the comparison of learning outcomes can be 

seen from the average pretest score, which is 21,3 and the posttest score is 78,4. In 

addition, the average pretest and posttest scores of students for each sub-material 

were also calculated. The scores obtained can be seen in Table 3 below. 

Table 3. Average Pretest and Posttest of Students for Each Sub-Material 

Atomic Theory Pretest Posttest 

Dalton's atomic theory 54,3 77,1 

Teori atom Thomson 18,6 74,3 

Rutherford's atomic theory 20 67,1 

Bohr's atomic theory 8,6 77,1 

Quantum Mechanics Atomic Theory 14,3 85,7 

Table 3 shows the difference in the average pretest and posttest scores on Dalton's 

atomic theory of 22,8. In the Thomson atomic theory sub-material, the difference 

in the average pretest and posttest was 55,7, while in Rutherford's atomic theory it 

was 47,1. For Bohr's atomic theory, the difference in the average pretest and 

posttest scores was 68,5, while for quantum mechanics atomic theory, the 

difference in the average pretest and posttest scores was 71,4. From the values 
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obtained, it is concluded that there is an increase in cognitive learning outcomes in 

students after using integrated Augmented Reality media. 

The N-Gain test was conducted to determine the effectiveness of learning media 

as seen from the increase in student learning outcomes after being given 

treatment. The increase in learning outcomes was obtained from a comparison of 

student pretest and posttest scores. For data analysis, the N-Gain value can be 

seen in Table 4. 

Table 4. N-Gain Test Results 

N 
Pretest 

Average 
Posttest Average Average N-Gain Category 

35 21,3 78,4 0,72 Tall 

The average pretest score was 21,3 and the average posttest score was 78,4. The 

increase in the average score analyzed indicated that there was an increase in 

learning outcomes and understanding of the material in students. While the 

average N-Gain obtained was 0.72 with a high category. This indicates that 

providing treatment during learning is effective in improving student learning 

outcomes. 

The normality test is conducted to determine whether the distribution of pretest 

and posttest data obtained from the sample is normally distributed or not. The 

normality test used is the Shapiro Wilk test assisted by the SPSS application. Data 

is normally distributed if Sig. > 0.05 with a real level of α = 0.05. The following 

are the results of the normality test using SPSS which can be seen in Table 5. 

Table 5. Results of Normality Test Using SPSS 

 α Statistic Df Sig. Decision 

Pretest 
0,05 

0,881 
35 

0,001 Not normally distributed 

Posttest 0,899 0,004 

Table 5 shows the significant values in the pretest and posttest obtained at 0,001 

and 0,004, which means it is smaller than the Sig. level of 0,05. So the data 

obtained is not normally distributed. 

Hypothesis testing is conducted to prove whether the research hypothesis is 

accepted or rejected. Since the pretest-posttest data are not normally distributed, 

the hypothesis test used is the Wilcoxon match pairs test using the SPSS 

application. The test results can be seen in Table 6. 

Table 6. Hypothesis Testing Using SPSS 

 α Z Asymp. Sig. (2-tailed) Decision 

Pretest 
0,05 -5,190 0,000 Hypothesis accepted 

Posttest 

Table 6 shows the Asymp. Sig. (2-tailed) value of <0,000 with the hypothesis 

decision accepted. This proves that there is a significant difference between the 

pretest and posttest values. So it can be stated that the integrated Augmented 
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Reality learning media on the material on the development of atomic theory has 

proven effective in significantly improving student learning outcomes. 

Discussion 

The integrated Augmented Reality learning media on the material of atomic 

theory development is considered practical in three aspects of assessment, namely 

the aspect of ease of use, efficiency of learning time and the appeal and benefits of 

the media. The following is an example of the main page display on the media can 

be seen in Figure 2 below. 

 

Figure 2. Main Page Display on Media 

Judging from the ease of use of the media, the practicality of Augmented Reality 

integrated learning media on the material on the development of atomic theory 

can be obtained for several reasons. First, the media contains instructions for 

using the media. With the instructions for using the media, users can easily use 

and operate the application. Second, the media also contains images, 3D 

animations, writing and language that are clear and easy to understand, so that in 

its application it does not require special skills. This shows that Augmented 

Reality integrated learning media on the material on the development of atomic 

theory is easy to use so that it is expected to improve learning outcomes. In 

accordance with Pratiwi's statement (2022) that media that has clear instructions, 

language, and flow can help students in learning and improve learning outcomes. 

However, in its use, researchers found obstacles for students in positioning 3D 

objects, where the objects displayed were not directly in a position that could be 

observed so that students had to rearrange the position of the object so that it 

could be observed clearly. As expressed by Mustaqim & Kurniawan (2017), 

Augmented Reality technology also has disadvantages such as: 1) sensitive to 

changes in viewing angle or easy to change position at certain angles, 2) not yet 

developed much, and 3) requires a lot of memory space on smartphones. The 

practicality test on the aspect of time efficiency shows that the media. An example 

of a 3D object display in Augmented Reality media can be seen in Figure 3. 
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Figure 3. Example of Augmented Reality Page Display on Media 

Integrated Augmented Reality learning media on the material on the development 

of atomic theory is categorized as practical. Augmented Reality media is easy to 

use on Android smartphones and can be used repeatedly because it does not 

require an internet network connection. During the learning process, all students 

use Android smartphones, so that it can support students in the independent 

learning process to repeat the material studied and the time used is also effective 

and efficient. Although the application is practical in terms of time efficiency, 

researchers still find that some Augmented Reality learning media on students' 

smartphones are sometimes a bit slow to respond. This problem was also found by 

Mardian, Defit, & Sumijan (2023) who stated that if the application sometimes 

runs a bit slowly or even errors when used, such obstacles could be caused by the 

specifications of the smartphone used and the camera of each user so that it can 

affect the detection time and quality of the objects displayed. In addition, the 

quality of the camera, lighting and specifications of the cellphone can affect how 

quickly 3D objects are displayed when the camera reads the marker (Amrina et 

al., 2023). 

Furthermore, the aspect of benefits and attractiveness of the media also shows a 

practical category. Integrated Augmented Reality learning media can motivate 

students in learning the material. In the media there are modeling, materials, 

videos and quizzes. With the use of integrated Augmented Reality media, learning 

in class is considered to be more enjoyable so that it can increase students' interest 

in learning. The use of Augmented Reality has an effect on increasing conceptual 

understanding, motivation, interest in learning, and learning outcomes (Baihaki et 

al., 2023). Based on the assessment that has been explained, it can be concluded 

that overall the integrated Augmented Reality learning media on the material on 

the development of atomic theory is good and suitable for use as a learning 

medium. Teachers can utilize Augmented Reality technology as a learning 

medium in conveying information to students (Subagiyo et al., 2023). 

Although considered practical, during its implementation, researchers still found 

that some students were unaware of Augmented Reality technology, so good 

guidance was needed for its application. However, this is not a difficult problem 

considering the current condition of students who are already technologically 

literate, making this technology easy to understand (Rahayu et al., 2022). 
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After the media is declared practical, the next stage is to conduct an effectiveness 

test on the integrated Augmented Reality learning media on the material on the 

development of atomic theory. The results of the data analysis show that the 

integrated Augmented Reality media on the material on the development of 

atomic theory is effective in improving student learning outcomes. The findings 

obtained are in accordance with Acesta & Nurmaylany (2018) who stated that 

Augmented Reality learning media can improve learning outcomes in students. 

The increase in student learning outcomes indicates that student mastery of 

concepts after using the media is able to provide better results. In line with 

Kuswinardi et al., (2023) that in learning integrated with AR, students have better 

abilities in understanding concepts. 

The achievement of student learning outcomes can be analyzed through grouping 

answers based on sub-materials in the TP development of atomic theory. The 

learning objectives achieved in this study were only one TP, namely related to the 

development of atomic theory because it adjusted the learning objectives 

contained in the Augmented Reality media. At the time of the study, the test 

questions given consisted of 20 multiple-choice questions, but the answers to the 

questions analyzed were only 9 questions because only those questions were 

included in the TP development of atomic theory. 

In the Dalton atomic theory sub-material, it is known that overall students are able 

to answer the questions given. This is evident from the percentage of correct 

answer analysis obtained by students when doing the posttest. In addition, the 

researcher also asked students directly about the answers chosen. When asked, 

students said that the correct answer was chosen because they knew the answer to 

the question. Several students stated the reason was because they always repeated 

the independent quizzes contained in the media. Nofindra (2019) argues that 

repetition in learning is important and is also one way to recall the learning that 

has been obtained. 

Similar to Dalton's atomic theory, it is known that overall students are also able to 

answer questions about Thomson's atomic experiment. This could be supported by 

the Augmented Reality media used. During the learning process, students looked 

enthusiastic in observing the experiments displayed on the media. Bau et al. 

(2022), in their research, argued that the use of Augmented Reality media can 

make students enthusiastic during learning, and can make the learning atmosphere 

feel fun. 

In the sub-material of Rutherford's atomic theory, it is known that almost all 

students are able to answer questions about the Rutherford atomic model. 

However, in questions about the weaknesses of Rutherford's atom, only some 

students answered the questions correctly. When asked directly, students admitted 

that they forgot about the question. Therefore, repetition is needed by reading a 

lot, discussing and consolidating the material and practicing questions for students 

(Fadillah & Iswendi, 2019). 
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For the Bohr atom sub-material, some students were able to answer the questions 

correctly. However, there were also some students who answered incorrectly. The 

reason given was that students forgot about the question. In addition, students 

were also found to have doubts in choosing answers, which was seen by the many 

changes in answers found on the students' question sheets. Therefore, students are 

required to study and practice more and increase literacy on the material so that 

understanding the concept is much better (Ambarwati et al., 2023). 

In the question about the quantum mechanics atomic theory, it is known that most 

students have answered correctly. However, when the researcher conducted a 

Q&A about the chosen answers, several students admitted to choosing answers 

carelessly. This means that the correct answer chosen by students could be 

because of their knowledge or by guessing. Students' ability to understand 

concepts certainly affects students in solving questions so that it affects learning 

outcomes (Widiyowati, 2014). 

In the implementation of the learning process, researchers send Augmented 

Reality learning media to students via a google drive link sent to whatsapp. 

However, researchers found that not all android smartphones can directly install 

the integrated Augmented Reality application via the google drive link. Only a 

few students' smartphones can install the application via the google drive link. 

Therefore, students who have installed the application will send the application to 

other students with several supporting applications, namely the SHAREit 

application, which is an application that can share files including other 

applications. This integrated Augmented Reality media is 94 MB in size so it does 

not require too much storage space on the smartphone used. 

Based on the discussion that the researcher has outlined, it can be concluded that 

integrated Augmented Reality learning media on the material on the development 

of atomic theory can be utilized to support learning and is effective in improving 

students' cognitive learning outcomes. 

 

4.     Conclusion 

Based on the research that has been conducted, it can be concluded that the use of 

integrated Augmented Reality learning media on the material of atomic theory 

development is considered practical in learning and significantly effective in 

supporting the improvement of cognitive learning outcomes of Phase E SMA/MA 

students. This is evidenced by the results of the distribution of practicality 

questionnaires and student learning outcomes as seen from the pretest and posttest 

scores during learning. The use of Augmented Reality-based media is the right 

step in actively involving students during the learning process. In addition to the 

application of Augmented Reality-based learning media supporting the use of 

technology in education, the use of Augmented Reality technology-based media 

in the learning process has been proven to be able to improve conceptual 

understanding, learning interest, learning motivation and student learning 

outcomes. Augmented Reality-based learning media is able to create a pleasant 
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atmosphere so that it involves students to be active during learning. The 

application of Augmented Reality media has proven to be effective and efficient 

for use in the learning process. As evidenced by the results of research and student 

perceptions regarding this media. 
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