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Abstract—The researchers implemented the quasi-experimental method of 

research. This research was conducted at SMAN 1 Ngemplak, Indonesia. The 

research was conducted from March to April 2020. In this study, the samples 

consisted of 70 students divided into two classes, namely Class A and Class B. 

The students in Class A received treatment by using the Augmented Reality Mod-

ule (ARM). Meanwhile, Class B students were taught conventionally using a con-

ventional module from the government and GeoGebra application. The instru-

ments used in this study were written tests, the first test was in the form of mul-

tiple choices and consisted of 25 questions to measure students’ spatial skills, and 

the second test was in the form of essays, consisted of five questions in order to 

measure students’ problem-solving skills. The reliability of the tests had been 

tested before collecting the data. The data were analyzed using descriptive statis-

tics and inferential statistics (normality test, homogeneity test, paired t-test, and 

independent t-test). Based on the analyses' results, it can be concluded that Aug-

ment-ed Reality Module has a significant effect on students' problem-solving and 

spatial skills since there is an improvement in students' mean scores in the pre-

test and post-test results. Besides, it can be concluded that Augmented Reality 

learning is more effective than conventional learning since the students are usu-

ally taught using conventional modules from the government and GeoGebra ap-

plication. 
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1 Introduction  

Mathematics plays a fundamental role in a child's development and communication 

skills in future life. Necessary numeracy skills play a role in developing children's learn-

ing outcomes in order to be competent adults. A broader acknowledgment can be de-

veloped with other works of literature. However, building a robust Mathematical foun-

dation in early childhood is critical for children's future educational success and their 

economy, health, and career [1]. Children who enter school with strong Mathematics 

skills tend to have a higher chance of success, starting from kindergarten to the next 

levels.  
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One of the strategies in improving students’ Mathematics skills is by utilizing tech-

nology in the learning process [2][3]. Technology utilization in the classroom can be 

applied using smartphones, tablets, and laptops [4] [5]. Previous research revealed that 

it could improve students' Mathematics skills rather than laptops by utilizing 

smartphones and tablets [6]. Guntur stated that one of the smartphone features that can 

improve students’ Mathematics skills is Augmented Reality [7]. 

Augmented Reality (AR) is a technology designed to combine virtual objects into 

real objects. Thus, the virtual objects blend into the real things in the display [8]. AR 

has great potential to be developed since it does not involve any sophisticated tool or 

expensive hardware. AR can be accessed on a tablet or smartphone, and it can be used 

in each level of education [9][10]. 

According to Wu, AR's positive effects in improving students' Mathematics skills 

had been identified in previous research, such as developing students' skills and 

knowledge, enhancing students' experiences, and enhancing collaboration skills [11]. 

Using AR in Mathematics learning can improve students' understanding of abstract 

concepts [12][13]. Besides, Lee stated that Augmented Reality plays a role in enhancing 

students' understanding, presenting the teacher's material, making the while teaching 

efficient, and creating a new and interactive atmosphere in the Mathematics learning 

process [14]. 

Moreover, several cognitive skills should be possessed by students in learning Math-

ematics. According to NCTM, one of them is a problem-solving skill [15]. Problem- 

based learning should be implemented in Mathematics learning at school since it is the 

fundamental core in learning Mathematics [16]. 

Besides problem-solving skills, the students should possess spatial skills and be ac-

commodated in the learning process. This is in line with Kaufman's previous research, 

revealing that AR plays a role in improving students' spatial skills [17]. Also, AR plays 

a role in stimulating students' interest in learning and improving students' understanding 

of Geometry [18]. 

According to previous researches, the studies on exploring Augmented Reality in the 

Mathematics teaching and learning process, especially in improving students' problem-

solving skills and spatial skills, are still limited. Therefore, this research was conducted 

to identify the Augmented Reality Module's effectiveness in improving students' spatial 

skills and problem-solving skills. This study's results are expected to be a reference in 

determining alternatives and innovations in learning mathematics to improve students' 

spatial skills and problem-solving skills.  

2 Literature Review 

This section discusses several important and related topics in previous literature, 

such as Problem-Solving Skills, Spatial Skills, and Augmented Reality. 
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2.1 Problem-solving skills 

The essential core of learning mathematics is to solve a problem (problem-solving) 

[19, p. 400]. Problem-solving skills should be taught in school to improve students' 

understanding of other subjects [20]. NCTM categorizes problem-solving skills as the 

main focus in Mathematics learning in school [21]. According to [22, p. 112], when 

problem-solving is categorized as the focus in teaching and learning skills, it can be 

applied using several strategies. These strategies include teaching for solving a prob-

lem; delivering the materials related to problem-solving basic concepts, such as 

knowledge, understanding, and skills that can be applied in solving problems; focusing 

on students' process in solving a problem, and applying problem-solving skill as the 

strategy that can help students in solving any problems [23][24].  

As stated by [15], problem-solving skills are categorized as the essential core com-

petencies in the mathematics learning process. Problem-solving skills can also be con-

sidered as a process in seeking the combination of several rules that can be applied to 

solve any situation [25]. Hence, in order to comprehend Mathematics, problem-solving 

skills should be taught. [19] The curriculum, tasks, or activities related to problem-

solving should be developed in the teaching and learning process, and the learning out-

come will have resulted from the problem-solving process. Problem-solving skills are 

the main components in the Mathematics curriculum and Mathematics necessary skills 

[26]. Hence, based on previous literature, it can be concluded that problem-solving is 

the main objective in learning Mathematics, and it should be taught in school to improve 

students' mathematics skills.  

2.2 Spatial skills 

Linn & Petersen [27] stated that spatial skills refer to someone’s skills in simplifying, 

modifying, producing, and memorizing non-linguistics symbols. Meanwhile, Van de 

Walle [19] stated that spatial skill could be defined as an intuition about shapes and the 

relationships among figures. Besides, Mulligan said that spatial skills refer to some-

one’s skill to recognize and manipulate (in thought) the spatial characteristics of an 

object and the spatial correlation between objects [28]. Spatial skills are the skills of 

solving spatial problems by using the perception of two and three-dimensional shapes 

and the understanding of the perceived information and relations [29]. Sarama & Clem-

ents stated that there are five components in spatial skills, such as Spatial Perception, 

Spatial Visualization, Mental Rotation, Spatial Relation, and Spatial Orientation [30] 

3 Method 

The researchers implemented the quasi-experimental method of research using a 

nonequivalent pretest-posttest design. This study's independent variable was the Aug-

mented Reality Module, and the dependent variables were students' spatial skills and 

problem-solving skills. 
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3.1 Samples of the study  

This research was conducted in SMAN 1 Ngemplak, Indonesia. This research was 

conducted from March to April 2020. 2 (two) classes were selected by applying random 

sampling. After that, two classes were selected for receiving the treatments. Students in 

Class A received treatment by using the Augmented Reality Module. 

Meanwhile, Class B students were taught conventionally using a conventional mod-

ule from the government and using Geogebra as the learning medium. The teacher used 

the 3D GeoGebra application since it could be compared with the Augmented Reality 

Module. The samples consisted of 70 students, while each class consisted of 35 stu-

dents.  

3.2 The steps of the research 

The steps conducted in this research were: compiling the research instruments (Les-

son Plan, Augmented Reality Module, Pretest, and Posttest for each variable, and scor-

ing rubrics for each variable); conducting validity test for the instruments by involving 

two expert judgments, conducting reliability test for the instruments, conducting pre-

liminary studies and asking for stakeholders’ permission in the school, conducting pre-

test, conducting research, conducting post-test, analyzing data, and drawing conclu-

sions.  

3.3 Research instrument 

Several tests were conducted to collect data on students’ problem-solving and spatial 

skills before receiving the treatment. The test on measuring students’ problem-solving 

skills consisted of 5 questions in the form of essays, and the test on measuring students' 

spatial skills consisted of 25 questions in the form of multiple choices. The reliability 

of the test has been tested by using Cronbach Alpha. The result of the reliability test is 

shown in Table 1. 

Table 1.  Reliability test 

Spacial Skill Test Problem Solving Skill Test 

Cronbach’s Alpha N of Items Cronbach’s Alpha N of Items 

0.921 25 0.628 5 

 
Based on Table 1, Cronbach's Alpha value was higher than 0.6. Hence, the test is 

categorized as reliable [31]. The test's validity had also been tested by expert judgments, 

such as two Mathematics lecturers. The result of the validity test indicated that the in-

strument was categorized as strongly valid. The three experts also validated the module 

used in the experimental class, and the AR module was feasible to be used. Meanwhile, 

students in the control class were taught using the government's conventional module, 

and the validity test was not needed. Since the technology used in the control class is 

the 3D GeoGebra application, it has been suitable to be compared with the other class 

to identify each medium's effectiveness. 
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3.4 The technique of analyzing data 

The data were analyzed using descriptive statistics and inferential statistics. The data 

descriptions are arranged by describing the real data, such as calculating the mean score, 

the highest score, the lowest score, and standard deviation of the data obtained before 

and after receiving the treatment. 

This study's inferential statistical analysis was a t-test, which consisted of 3 tests that 

aimed to test 3 different hypotheses. The first is a paired t-test to determine the Aug-

mented Reality module's effectiveness in improving students' spatial skills and prob-

lem-solving skills, evaluated from pre-test and post-test results. Then, for the second 

time, a paired t-test was used to find the effectiveness of conventional learning methods 

in improving students' spatial skills and problem-solving skills, evaluated from the pre-

test and post-test results in the control class. Third, an independent t-test was used to 

identify any difference in students' mean scores based on the post-test results to measure 

students' spatial skills and problem-solving skills in each class. 

The decision-making and conclusion-drawing were at the significance level 

of (
0.05

2
= 0.025),  while the decision rule is if the significance value is more significant 

than 0.025, it meets the normality assumption. Meanwhile, if there is any difference in 

the mean score, it should be identified whether it is negative or positive to identify 

which class shows a better result. Univariate normality analysis was conducted by using 

the Shapiro-Wilk test. The decision-making and conclusion-drawing were at the signif-

icance level of 0.05, while the decision rule is if the significance value is more signifi-

cant than 0,05, then it is met the normality assumption. In order to identify the homo-

geneity of the variants, Levene-Test was used. The decision-making and conclusion-

drawing on the hypothesis test were at the significance level of 0,5. The decision rule 

is if the significance value is more significant than 0.05., then it is met the matrix vari-

ance of covariance assumption and the homogeneity of the variance.  

4 Result and Discussion 

In learning Vector using Augmented Reality Module, the activities were conducted 

based on the lesson plan. The data were collected by conducting pre-test and post-test 

to identify students' problem-solving skills and spatial skills. The results of the tests 

were analyzed and presented as descriptions before conducting an inferential statistics 

test. 

4.1 Result  

The research results are processed and presented in descriptions to give an initial 

view for the researchers. The descriptions of the data of students’ problem-solving skills 

in the three classes are shown in table 2. 
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Table 2.  Problem Solving Skill Data Description 

  N Min Max Mean Std. Dev 

PRE_ PSS _ARM 35 40 85 63.9714 12.084 

POST_PSS_ARM 35 66 100 85.9714 9.0861 

PRE_ PSS _MC 35 50 85 66.0857 10.268 

POST_ PSS _MC 35 68 90 79.0571 6.3660 

Valid N (listwise) 35     

 

In the description, PRE_PSS_ARM is students’ score of problem-solving skills pre-

test in the class taught using Augmented Reality Module. POST_PSS_ARM is stu-

dents’ score of problem-solving skills post-test in the class taught using the Augmented 

Reality module. PRE_PSS_MC is students’ score of problem-solving skills pre-test in 

the control class, and PRE_PSS_MC is students’ score of problem-solving skills in the 

control class.  

Based on Table 2, it can be identified that students’ mean score on problem-solving 

skills in ARM and Control class before receiving treatment was below the average value 

(75), since students’ mean score of pre-test in ARM class was 63.97, and in the Control 

class was 66.08. However, after receiving treatment, students’ mean score of post-test 

in ARM class is 85.97, or greater than 75. Meanwhile, students’ mean score of post-

test in Control class is 79.05. As a result, it indicates an improvement based on the pre-

test and post-test results on students’ problem-solving skills variable. 

The descriptions of students' spatial skills in the Mathematics learning process in 

three classes are shown in Table 3. 

Table 3.  Description of spatial skill data 

  N Minimum Maximum Mean Std. Dev 

PRE_SS_ARM 35 54 84 71.82 8.7194 

POST_SS_ARM 35 66 100 84.62 10.020 

PRE_SS_MC 35 50 88 67.31 11.190 

POST_SS_MC 35 55 100 75.6 13.737 

Valid N 35     

 

Based on Table 3, the results of the Spatial skills test indicate that students' mean 

score in ARM class and Control class before receiving the treatment was below the 

average score (75), while students' mean score in ARM class was 71.82, and students' 

mean score in Control class was 67.31. Meanwhile, after receiving treatment, their 

mean score is increased above 75, while students' mean score in ARM class was 84.62, 

and students' mean score in the Control class was 75.6. As a result, the result of descrip-

tive statistics indicated an improvement in each variable. However, to ensure the con-

clusion of the hypothesis, the inferential statistical test was conducted. The first step 

was conducting a normality test and continued testing the data's homogeneity using an 

independent t-test. 

Furthermore, the normality tests were conducted for four classes using the Shapiro-

Wilk test. The normality tests were conducted for two classes and each variable, both 

in pre-test and post-test. The results of the normality tests are shown in table 4. 
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Table 4.  Normality test with Shapiro-Wilk test 

 Statistic df significance. 

POST_SS_ARM .943 35 .068 

POST_SS_MC .939 35 .053 

PRE_SS_ARM .939 35 .052 

PRE_PSS_ARM .963 35 .275 

POST_PSS_ARM .939 35 .052 

PRE_SS_MC .947 35 .089 

PRE_PSS_MC  .945 35 .078 

POST_PSS_MC .948 35 .099 

 

Table 4 indicated that the whole data's significance value (in all classes) is greater 

than 0.05. Hence, it is met with the normality assumption. Furthermore, the homogene-

ity test for problem-solving skills post-test in ARM class and control class and homo-

geneity test for spatial skills post-test in ARM class and control class were conducted 

using independent t-test. The results of the homogeneity test in each class are shown in 

Table 5. 

Table 5.  Test of homogeneity of variances 

  Levene Statistic Df1 Df2 Sig. 

PSS 0.074 1 68 0.786 

SS 3.199 1 68 0.078 

 

In the description, SS is Spatial Skills, and PSS is Problem-solving Skills. Table 5 

indicates that from the result of the Levene-test, the significance value is more signifi-

cant than 0.05. Hence, it is met the homogeneity assumption of the variance, both in 

ARM class and Control class. 

The results of ARM's effectiveness in improving students’ problem-solving skills 

and spatial skills are shown in Table 6.  

Table 6.  Paired samples t-test in ARM class 

 Mean Std. Dev t df sig 

PRE_SS_ARM - POST_SS_ARM -12.8 14.83597 -5.104 34 .000 

PRE_PSS_MC - POST_PSS_ARM -22.000 15.60354 -8.341 34 .000 

 

Based on table 6, the sig (2 tailed) p-values of PRE_SS_ARM - POST_SS_ARM is 

lower than 0.025. Hence, H0 is accepted. In other words, the hypothesis "there is any 

significant difference between students' mean score in spatial skills pre-test and post-

test in the class that is taught using ARM" is accepted. Furthermore, based on the neg-

ative mean difference value, 𝜇2 > 𝜇1, while 𝜇2 is the post-test, and 𝜇1 is the pre-test. 

Hence, it can be concluded that there is an improvement in students' spatial skills taught 

using the Augmented Reality Module. 

Besides, based on table 6, the sig (2 tailed) p-values of PRE_PSS_ARM - 

POST_PSS_ARM is lower than 0.05. Hence, H0 is accepted. It can be concluded that 

the hypothesis "there is any significant difference between students' mean score in 
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problem-solving skills pre-test and post-test in the class that is taught using ARM" is 

accepted. Furthermore, based on the negative mean difference value, 𝜇2 > 𝜇1, while 

𝜇2 is the post-test, and 𝜇1 is the pre-test. Hence, it can be concluded that there is an 

improvement in students' problem-solving skills taught using the Augmented Reality 

Module. 

Table 7.  Paired samples t-test in the control class 

 Mean Std. Dev t Df sig 

PRE_SS_MC - POST_SS_MC -8.2857 18.47028 -2.654 34 0.012 

PRE_PSS_MC - POST_PSS_MC -12.971 12.68275 -6.051 34 0.000 

 

Based on table 7, the sig (2 tailed) p-values of PRE_PSS_MC - POST_PSS_MC are 

lower than 0.025. Hence, H0 is accepted. It can be concluded that the hypothesis "there 

is any significant difference between students’ mean score in spatial skills pre-test and 

post-test in the control class" is accepted. Furthermore, based on the negative mean 

difference value, 𝜇2 >  𝜇1, while 𝜇2 is the post-test and 𝜇1 is the pre-test. Hence, it can 

be concluded that there is an improvement in students’ spatial skills in the control class. 

In addition, based on table 7, the sig (2 tailed) p-values of PRE_PSS_MC - 

POST_PSS_MC are lower than 0.025. Hence, H0 is accepted. It can be concluded that 

the hypothesis "there is any significant difference between students’ mean score in 

problem-solving skills pre-test and post-test in the control class" is accepted. Further-

more, based on the negative mean difference value, 𝜇2 > 𝜇1, while 𝜇2 is the post-test, 

and 𝜇1 is the pre-test. Hence, it can be concluded that there is an improvement in stu-

dents’ problem-solving skills in the control class. 

Since it has been known that there is a difference in students' mean scores based on 

pre-test and post-test results, an independent t-test was conducted in order to identify 

which class has better learning outcomes, assessed from the post-test results on prob-

lem-solving skills and spatial skills. The results of the independent t-test are shown in 

Table 8. 

Table 8.  Independent T-test between ARM post-test and MC post-test 

 Mean Std. Deviation t df sig 

Spatial Skill 9.0285 2.87419 3.141 68 .002 

Problem-solving skills 6.9142 1.87528 3.687 68 .000 

 

Based on Table 8, the sig (2 tailed) p-value on spatial skills is lower than 0.025. 

Hence, H0 is accepted. In other words, it can be concluded that the hypothesis “there is 

any significant difference between students’ mean score in spatial skills post-test result 

in ARM class and MC class” is accepted. Furthermore, based on the positive mean 

difference value, µ1 is better than µ2, while 𝜇2 is the control class post-test, and 𝜇1 is 

the ARM class post-test. 

Based on table 8, the sig (2 tailed) p-value on problem-solving skills is lower than 

0.025. Hence, H0 is accepted. In other words, it can be concluded that the hypothesis 

“there is any significant difference between students’ mean score in problem-solving 

skills post-test result in ARM class and MC class” is accepted. Furthermore, based on 
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the positive mean difference value, µ1 is better than µ2, while 𝜇2 is the post-test for the 

control class, and 𝜇1 is the post-test for the ARM class. 

4.2 Discussion 

Based on Table 6 and Table 7, it can be concluded that there is no improvement in 

both classes, and both on the spatial skills and problem-solving skills. The hypothesis 

test result reveals that conventional approaches effectively improve students' problem-

solving skills and spatial skills. 

In identifying students' problem-solving skills in conventional classes, it can be con-

cluded that the improvement is due to the use of a module published by the government 

since the competencies related to problem-solving skills contained in Indonesia's cur-

riculum. Meanwhile, Augmented Reality Module has been designed for improving stu-

dents' problem-solving skills. The differences between both modules are in the indica-

tors of problem-solving skills, such as understanding the problem, making plans, and 

conducting evaluation in each previous stage [32]. Besides, in the learning process, the 

AR module plays a role in stimulating and attracting students' interest in solving prob-

lems since the AR module's appearance is more exciting and challenging (Wasko, 

2013). Figure 1 indicates the comparison between the Augmented Reality Module 

(MAR) test and the module used by students of the control class (MC). 

 

Fig. 1. The Comparison of the Test 

Meanwhile, in identifying students’ spatial skills improvement in the control class, 

the teacher’s strategy in using Geogebra application in the learning process is due to 

the teacher's strategy. Geogebra application is the latest version, and it presents three 

dimensions objects that can stimulate students' spatial skills [34]. The difference be-

tween these two technologies is: even though the first application (Geogebra) is in the 
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three-dimensional form (3D), but the students cannot see the whole objects from vari-

ous sides, and the student can only play with the object on the computer by using a 

mouse.  Meanwhile, the students can access the Augmented Reality Module directly by 

using their smartphones, and it seems real. These two applications are free of charge 

since these applications' development is limited to specific spaces, but the researchers' 

module is the Augmented Reality Module customized based on the user's requests. A 

picture is a feature that can only be found in AR, and it distinguishes AR and Geogebra 

3D applications. 

 

Fig. 2. The differences between 3D AR and Geogebra. 

However, even though there is an improvement in students' problem-solving skills 

and spatial skills in the control class, based on table 8, the improvement of students who 

are taught using ARM is immense. This is due to the differences between the Aug-

mented Reality Module and the teacher's conventional module. It is in line with the 

results of previous studies that ARM can improve students' problem-solving skills 

[35][36][37][38][39], and ARM is effective in attracting students' interest in answering 

the test, which consists of several questions related to problem-solving -skills [40] 

Based on Table 8, the Augmented Reality Module's effectiveness in improving stu-

dents' spatial skills is higher than the control class since Vector material is difficult to 

be explained by using a whiteboard, or it can only be displayed simultaneously using 

the Augmented Reality Module. Students can see the vector shape in various 3D views, 

and it has a direct effect on students' spatial skills based on several aspects, such as 

Spatial Perception, Spatial AR Visualization, Mental Rotation, Spatial Relation, Spatial 

Orientation, that are provided and developed in Augmented Reality learning [41-49]. 

There is a correlation between problem-solving and spatial skills since spatial skills 

play a role in developing problem-solving skills [50]. In line with Guntur's previous 

research, spatial skills can stimulate students' problem-solving skills since they are cor-

related with each other [51]. The relationship between Augmented Reality, problem-

solving skills, spatial skills, and Augmented Reality improves both of the skills shown 

in Figure 3. 
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Fig. 3. The relationship between AR, spatial skills, and problem-solving skills 

5 Conclusion 

Based on the results of the analyses, it can be concluded that the use of the 

Augmented Reality Module is effective in improving problem-solving skills and spatial 

skills, as proved by the improvement in students' mean score in pre-test and post-test. 

Besides, besides comparing the post-test scores in each class, it can also be concluded 

that using the Augmented Reality Module in the learning process is more effective than 

conventional learning since the students are usually taught using a conventional module 

from the government and Geogebra application. 

This study's results can be a reference for teachers and other researchers to use 

Augmented Reality Module to improve students' spatial skills and problem-solving 

skills in learning Mathematics. This study's limitations are that the module's material is 

limited to Vector material for the tenth-grade students, and the program can only be 

accessed on Android. For further research, developing other Augmented Reality 

modules for other materials and using a larger population is suggested.  
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