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Abstract: The purpose of this study is to increase understanding of physics conceps through the application of physics laboratory based Augmented 
Reality. The participants of this research were 37 junior high school students in one of the schools in Garut. The research method used is mixed method 
with embedded experimental one group pre-test posttest design. The data obtained was quantitative and qualitative. Quantitative data were obtained 
from understanding of physics concepts of students measured using multiple choice tests. Whereas qualitative data were acquired from interviews of 
teachers and students about physics lab based Augmented Reality. Result of the research shows that increase of understanding of physics concept is in 
the medium category (g = 0.52).In addition, students and teachers provide a positive response to physics laboratory based Augmented Reality. It is 
shown by the student enthusiasm for doing practical work. The implication of this research is an alternative physics laboratory model base technology for 
physics learning in junior high school.  
 
Index Terms: Augmented Reality, Physics Lab, Understanding physics concepts. 

——————————      —————————— 

 

1 INTRODUCTION               
21’st century learning concepts and 2013 curriculum demands 
must be integrated into physics learning in the classroom a nd 
through laboratory activities. The two of activities cannot be 
separated from each other considering that physics is 
essentially formed from the aspect of produk, procces, and 
attitude as a whole inseparable. In physics learning, these tree 
aspects must be the main of learning to be achieved 
simultaneously. One alternative to practice competencies 
expected in 2013 curriculum is through practicum activities. 
Practicum can provide understanding for students about 
scientific knowledge and convince their understanding of the 
method used in learning this knowledge [1]. Based on the 
result interviews with teacher Science-Physics subjects at 
Tarogong Kaler 1 Middle School, it was revealed that the 
average value below the Minimum Mastery Criteria, wich was 
65 of a scale of 100. Even though the learning process carried 
out has been facilitated with Real Lab. This is because the 
limitations of practicum tools and practicum activities are less 
able to show microscopic phenomena than macroscopic 
phenomena that can be observed in practicum activity. 
Sutrisno [2]  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

suggests the use of Virtual Labolatories as an alternative to 
practicum activities, especially for abstract concepts that are 
difficult to do with real labs. Virtual practicum is the use of 
computer models such as simulation and some technologies 
to replace real lab activities in the labolatory [3]. Virtual 
practicum and real practicum have advantadges and 
disadventadges. It’s not appropriate to compare virtual 
practium and real practicum but looking for strategies to 
combine them [3], [4], [5], [6]. One way of combine both of 
practicums in one time is to use Augmented Reality 
technology. Augmented Reality is attempt to combine the real 
world and the virtual world created by computer so that the 
boundary between them becomes very thin. In simple terms 
Augmented Reality can be defined as a real environment that 
is added to virtual objects. Several studies have tried to 
develop augmented reality applications into learning such as 
physics learning [7], English learning [8] or history learning [9]. 
Several studies have shown that the application of augmented 
reality in learning can produce positive learning such as 
increasing understanding of all aspects when applying virtual 
augmented reality laboratories with the principles of kinetic 
gas theory [10]. The application of augmented reality 
technology can improve laboratory skills and students' 
attitudes towards physics laboratories [11], can increase 
learning motivation in computer learning [12], can facilitate the 
learning of abstract concepts [13] and can increase conceptual 
understanding students [14]. Some studies also try to compare 
augmented reality with other technologies. Augmented reality 
is more effective than learning web-based applications. Mostly 
increasing the effectiveness of learning and the flow of student 
experience [15], augmented reality also improves student 
learning outcomes compared to 2D simulation media [16] and 
using comparisons with interactive simulation technology (IS), 
AR technology can overcome affective aspects learning (SSI) 
[17], in addition to comparing with technology, several studies 
also try to compare augmented reality with traditional learning. 
Learning to compare with augmented reality traditional 
learning is more effective in improving student learning 
outcomes and student motivation on optical subjects [18] and 
further improving student learning outcomes on vector 
concepts [19] and more. mobile augmented reality increases 
student learning motivation compared to traditional learning 
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(Furio, et al 2014). Based on the explanation above, the writer 
deems it necessary to conduct a research on ―Application of 
Augmented Reality in Physics Practicum to Improve Students’ 
Understanding of Concepts‖.  

 
2 METHOD 
The research was applies Augmented Reality to the material 
heat transfer using mixed methods with embedded design in 
the group pre test post test design [21]. The desain sceme is 
shown in Figure 1.1. Embedded design is a mixed method 
design where a set of data provides support for other data that 
are the role of the main study. The embedded design 
experiment model is defined through the insertion of qualitative 
data in the design of the experiment. 

  

 
 

FIGURE 1. EMBEDDED DESIGN 
2.1 Population 
The population of this research was the 8th-grade students of 
SMP 1 Tarogong Kaler Garut. This study applied cluster 
sampling by selecting one classes with 37 students taught 
using augmented reality media in physics practicum.  

 
2.2 Data Collection and Analysis 
The research instruments used in data collection in this study 
include: 1)interview, used to solicit the opinions of teachers 
and students of the physics practicum (before the 
intervention). 2) Multiple choice tests, used to assess students' 
understanding of concepts. 3) Questionnaire sheet with Likert 
scale technique, is used to explore students' perceptions of 
the use of augmented reality learning media in physics 
practicumData from the results of the pretest and post test 
were analyzed with the steps in Scoring and Gain Calculation 
scores. The scoring for multiple choice questions is 
determined based on the Rights Only method, where the 
correct answer is given a score of one and the wrong answer 
or items that are not answered are given a zero score. The 
score of each student is determined by counting the number of 
correct answers. Scoring is calculated using the formula: 
S = ∑ R 
with: 
S = Student score, R = Correct student answer 

 
After obtaining the initial test score and the final test score, the 
difference between the initial test score and the final test score 
is calculated to get the gain values. Besides that, the normal 
gain can also be calculated. The formula used to calculate the 
gain and normal gain values developed by Hake [22] as 
follows: 

 
<g> = T2-T1/Ts-T1                 
dimana: 
<g> = gain normal 
 T1  = initial test value 

 T2  = final test value 
 Is  = ideal maximum value 

 
3 RESULT AND DISCUSSION 
The result of this study are divided into two types, namely 
qualitative and quantitative. Both of qualitative and quantitative 
result are including in three phases, namely before the 
intervention, during the intervention, and after the intervention. 
 
3.1 Before the Intervention  
 
a. Teachers and Students’ Perceptions of Conventional 
Physics Practicums 
The results of unstructured interviews revealed that real 
physics practicums were less effective because of the 
limitations of practicum tools and did not show microscopic 
symptoms namely abstract physical concepts . The 
effectiveness of the practicum that has been done can be seen 
from the average value of students under the KKM, which is 
65 from a scale of 100. In addition, interviews with students 
also reveal that students have difficulty understanding the 
concept of physics even though is has been done through a 
real practicum. 
 
b. Augmented Reality based  on student worksheet 
products 
Augmentd reality-based  on student worhseet products consist 
of problem (in the form of AR), real practicum, and 
reinforcement (in the form of AR). The problem was observed 
by students using the meCalor application that was already 
installed on the android phone. Real practicum is done to 
answer the problem. After practicum, students are given 
reinforcement by doing practicum again in the form of AR to 
see microscopic events with the MeCalor application. 

 
3.2 During the Intervention  
 
a. Increased understanding of students Physics concepts 
Too see the effect of practicum based augmented reality on 
students understanding concepts, thisresearch and gaus 
conducted  with pre-test and post-test the aim of the seing 
students initial abilities, students final abilities and 
improvement. Initial abilities is obtained from pre-test given 
before delivering material and practicum. The final abilities is 
obtained throught post-test given after practicum. 
Improvement of students concept understanding is obtained 
by calculating normalized gain statistics of students conceptual 
understanding before (pre-test), after (post-test), and N-gain 
can be seen in table 1. Table 1 shows that there is a difference 
between the results of pre-test to post-test, the gain score and 
the N-gain value shows how much influence the use of 
Augmented Reality during physics practice to improve 
students understanding of concepts in the heat transfer 
material. The average increase in score (gain) understanding 
of students concepts is 24.52 there is an increase from 53.28 
to 77.80. Based on calculating, average score <g> 
understanding concepts of students is 0.52 which is 
categorized as moderate. This is in line with previous study   
that augmented reality media can enhance students 
understanding concept on the subjects of electricity (Ismail., 
2019). 

 
Table 1 statistical data scores understanding student concepts 
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Statistical 

value 
Gain 
Score 

N-Gain 
Pre-test 

Post-
test 

Average  53.28 77.80 24.52 0.52 
Variation 151.92 197.79   
Minimum 35.71 50   
Maximum 78.57 100   
Standard 
Deviation 

12.325 14.064   

 
b. Students activity during practicum activity based 
Augmented Reality 
The implementation of the heat transfer practicum based on 
augmented relity is already installed on the smartphone 
provided so that students do not need to download the 
application in the play store. Based on field observations, 
when the heat transfer practicum is based on augmented 
reality, students are observed to be very enthusias. This can 
be seen from all members in each group can make 
observations and use the MeCalor application. 

 
3.1 After the Intervention  
 
a. Students Perceptions of Physics Practicum Based on 
Augmented Reality 
Students perceptions of physics practice based on AR 
questionnaire contained 4 aspects, namely : 
1. Most students state that physics practices based on AR 

made students more easily understand heat transfer 
material. 

2. Most students state that  physics lab base on augmented 
reality are easy and practical to use so that if there are 
problems, students can be handle errors quickly and 
easily. 

3. Most students state that how to use physics practices 
based on augmented reality was easily to learn 

4. Most students stated that the physics practices based on 
augmented reality was satisfied  with the practicum done 
and recommended to their friends to do the practice 
based on augmented reality because it was very fun. 

 

4 CONCLUSION 
Based on the results of the study it can be concluded that after 
being applied augmented reality in physics practicum there is 
an increase in understanding of students physics concepts 
(g=0.52) in the medium category. This is because the students 
perception of physics practicum using augmented reality 
technology is very positive and students are very enthusias 
about the implementation of new technology in the classroom. 
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