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ABSTRACT 

Worksheets have a complex arrangement that can support the learning process. Augmented reality technology can 

also be integrated in worksheets for physics concepts. The population in this study was Class X SMAN 1 Kalasan 

and obtained XI MIPA 1 as the experimental class and XI MIPA 3 as the control class. Quasi-experimental with 

post-test control group design was used to measure the critical thinking skills of the group. Ability to think critically 

with instrument assessment essay questions with inference indicators, analysis, evaluation and assessment. The 

hypothesis of analysis used independent t-test with the help of SPSS and it was found that there were differences 

in critical thinking skills in the two sample groups. This shows that the use of worksheets with augmented reality 

integration can be used to train and improve physics critical thinking skills in physics harmonic material. 
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1. INTRODUCTION 

The development of science and technology in the 

21st century provides new challenges in the world of 

education, especially in physics. This challenge 

requires students to master the concepts of physics to 

be able to apply them in everyday life. Given that 

physics is the center of technological development, 

communication to transportation [1]. This has an 

impact on the migration of physics learning from 

inquiry to argument-based inquiry which is closely 

related to critical thinking [2]. Physics learning can 

train thinking to solve problems and explain various 

phenomena that exist around human life [3]. Of 

course, students will also get used to explaining the 

phenomena experienced in their environment by using 

physics concepts and critical thinking. This is what 

makes critical thinking ability the main reference in 

the learning process around the world. 

Critical thinking skills are important to be 

developed in this era. This is in line with the 21st 

century worldwide goal of critical thinking [4]. This is 

because critical thinking skills are important for the 

personal life and professional life of students [5]. 

Critical thinking skills are categorized as cognitive 

processes that are based on reflective assessment, 

goals, and logical thinking to find solutions to 

problems [6]. This is connected to the 2013 curriculum 

applicable in Indonesia to develop critical thinking in 

the current era the industrial revolution [7]. The 

importance of developing critical thinking skills 

because it can determine the success of students in life. 

Good in solving problems to decision making [8]. Of 

course this is also important to be applied as a basis for 

learning physics and in accordance with the 

curriculum. Developing and training critical thinking 

skills in learning physics becomes It is important to 

remember students' learning needs which are 

increasingly complex and important, and students who 

have critical thinking will get used to analyzing 

problems and solving them. 

However, it is the fact that critical thinking skills 

are still low [9]. The low ability to think critically is 

caused by the inability of students to understand 

physics content and apply it in everyday life [10]. One 

of the factors is that the media used is not able to attract 

attention in the learning process [11] which has an 

impact on the low interest in learning physics. Based 

on these problems, it is necessary to make efforts to 

develop and improve students' critical thinking in the 
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physics learning process. One of the efforts that can be 

made by creating active learning through student 

worksheets. This can be done by combining 

worksheets with learning media. Given that the 

worksheet is a teaching material that includes material 

and discussion material to train thinking skills and 

learning independence [12]. Complex arrangements in 

worksheets help students develop their abilities. 

Worksheets can be combined with various media 

such as augmented reality (AR) technology. This 

allows providing potential in presenting physics 

content with real experience. Basically, the ability of 

AR technology to display digital content through 2D, 

3D computer graphics, audio to video to the real world 

at the same time [13] [14]. Based on the manufacturing 

method, AR is divided into two, namely recognition 

based on marker images and faces and certain objects 

such as trees and locations [15]. The marker or marker 

object will be detected by the phone camera and 

processed so that it can display 2D, 3D, and video 

objects simultaneously [16]. This is in line with the 

times that the use of phones supports learning physics 

in schools [17] [18].  This technology provides great 

opportunities for innovations in the world of education 

to learn in new ways and tailored to modern learning 

interests. 

Given that physics consists of abstract concepts, 

the learning process requires supporting media to 

explain, describe and illustrate these concepts. 

Learning media can also support knowledge transfer 

and thought processes. The learning system through 

AR technology makes it possible to provide learning 

experiences related to physical phenomena that are 

displayed in real life. The use of AR technology in 

physics learning is in line with the interests and 

learning styles of 21st-century students [19]. Visual 

technologies such as AR enable constructivist learning 

[20]. Researchers believe that AR provides an 

opportunity to create a more attractive learning 

environment [21]. It is important to do research to 

determine the critical thinking skills of physics 

through student worksheets assisted by augmented 

reality technology. 

2. RESEARCH METHOD  

Type of this research is quasi-experimental 

because there are still external variables that influence 

it. Table 1. Shows the research design using the 

posttest control group design. 

 

 

Table 1. Design post-test control group design. 

Class Type Treatment Posttest 

Experiment X O1 

Control - O1 

The population of this research were students of 

class X SMAN 1 Kalasan in the academic year 

2019/2020 with a sampling technique, namely simple 

random sampling. The samples obtained were X 

MIPA 1 and X MIPA 3 as the experimental and control 

class, each of which amounted to 30 people. The 

treatment was given through student worksheets 

assisted by augmented reality in the experimental class 

and control class through conventional learning. Data 

from the critical thinking ability scores will be 

classified based on the categories [22] in Table 2. 

Table 2. Critical thinking skill categories. 

Classifications Categories 

81.25<x≤100 Very High 

71.50<x≤81.25 High 

62.50<x≤71.50 Moderate 

0<x≤43.73 Low 

 
The test instrument used to measure critical 

thinking skills, namely the essay test meets the 

inference indicators, explains, evaluates, and analysis. 

Hypothesis testing used the independent t-test to 

determine differences in the critical thinking skills of 

physics in the experimental class and the control class 

3. RESULT AND DISCUSSION 

Figure 1. Display of Augmented Reality on a 

worksheet. 
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This research was conducted during the COVID-

19 pandemic using online learning through google 

classroom. Treatment in the experimental class used 

augmented reality worksheets and control classes 

through conventional learning. The use of augmented 

reality through the marker image method available in 

the worksheet. Animated videos related to restorer 

style will be detected on the worksheet by the 

applications installed on the smartphone as shown in 

Figure 1. 

The cognitive domain measured in this study is the 

ability to think critically using essay instruments. 

After being given the treatment, students were given a 

critical thinking ability test as many as 4 validated 

essay items. Critical thinking ability indicators include 

inference, evaluate, analysis and explain. The results 

of the critical thinking ability test analysis are 

presented in Table 3. 

Table 3. show the difference in the average score 

of student's critical thinking skills in the sample group. 

The results obtained in the experimental class and 

control class were 65.73 and 74.86. This shows that 

the experimental class average score is better, which is 

categorized as high and the control class is categorized 

as moderate. Normality and homogeneity tests were 

performed to determine the distribution of data in the 

two sample groups with the provisions (sig.> 0.05). 

The analysis carried out showed that the data of the 

two sample groups were homogeneous and normally 

distributed so that further tests could be carried out 

regarding the hypothesis. The results of the normality 

and homogeneity tests are shown in Table 4. 

Table 5 displays the results of the hypothesis test 

using the independent t test statistic using SPSS. The 

provisions (sig<0.05) are used to provide conclusions. 

The data obtained shows that the sig. (2-tailed) of 

0.010 which indicates that there are differences in 

critical thinking skills in the sample group. These 

results are also supported by the average score of 

critical thinking skills in the sample group in Table 3. 

The experimental class through augmented reality 

assisted worksheets has a better average score than the 

control class. 

Augmented reality assisted worksheets play an 

important role in the learning process. Complex 

worksheet arrangements are able to train critical 

thinking skills and support active learning [23] [24]. 

Animated objects or videos that are combined in 

worksheets help students find physics concepts and 

support an independent learning environment [25]. 

This can stimulate the active role of students in 

analysis the concept of physics as a whole through the 

phenomena presented in the worksheet. Regarding the 

use of augmented reality-assisted worksheets, there 

are several reasons, namely that there are differences 

in the technological literacy abilities of each student. 

 

 

 

Table 3. Critical thinking skill scores. 

Class Type Student Critical Thinking Skill Scores 

Lowest Highest Average Categories 

Experiment 30 50 94 74.86 High 

Control 30 42 90 65.73 Moderate 

 

Table 4. Results of normality and homogeneity tests on critical thinking skills data. 

Class  Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig Statistic df Sig 

Critical Thinking  MIPA 1 0.110 30 0.200 0.949 30 0.139 

MIPA 3 0.086 30 0.200 0.968 30 0.484 

 

Table 5. Hypothesis test results through the independent t-test. 

 𝒅𝒇 Main 

difference 

Std. Error 

Difference 

Score 

t-test 

Sig. (2-Tailed) 

Posttest Experiment – 

Control Class  

58 9.13 3.42 2.66 0.010 
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Figure 1. Critical thinking skill score on indicators. 

 

Further analysis was also carried out on the 

average score of each indicator of critical thinking 

skills. Figure 1. Displays the level of critical thinking 

skills of students in terms of four indicators, namely 

inference, analysis, evaluate and explain. The results 

of the analysis on the average score of the inference 

indicator for the two classes have almost the same 

score. This indicator is contained in the material on the 

relationship of several variables in Hooke's Law. 

Students in both classes are able to provide arguments 

to conclude the relationship of the force variable (𝑭) 

with the increase in the length of the spring (∆𝒙) based 

on the graphic data presented in the questions. This 

concept is easily found in the daily life of students as 

the force exerted when pulling elastic objects. 

 
Figure 2. Examples of answers of experimental 

class students on inference indicator questions. 

 

Figure 3. Examples of answers of experimental 

class students on explaining indicator questions. 

 

 
Figure 4. Examples of answers of control class 

students on explaining indicator questions. 

The control class average score on the indicator 

explains that it has the lowest score compared to other 

indicators. The difficulty experienced by the control 

class is the inability to explain the relationship 

between variables based on the data or information 

presented regarding the concept of the period. In the 

experimental class, most students were able to explain 

the relationship of several variables related to the 

concept of the period and were able to draw 

conclusions from the information obtained as shown 

in Picture 4. Worksheets can stimulate students to 

think and process their knowledge which is supported 

by visual displays in augmented reality [25]. This 

makes learning through augmented reality-assisted 

worksheets even better [26].This will make it easier 

for students to connect between variables of data or 

information and train their critical thinking skills. 

Augmented reality assisted worksheets help 

students easily analysis simple harmonic vibration 

concepts. The integration of augmented reality on 

worksheets helps understand and shape thinking 

processes in students [27]. It also helps train and 

optimize critical thinking skills in physics [28] and 

facilitates learning [25] [29]. This proves that the use 

of augmented reality-assisted worksheets has a 

positive impact on learning physics. 

4. CONCLUSION  

There are differences in the critical thinking skills 

of physics in the two sample groups. The data show 

that critical thinking skills in the experimental class 

was higher than the control class. This shows 

worksheet assisted by augmented reality has an 

influence on students' critical thinking skills. 
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