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Abstract— The invention of Augmented Reality (AR) has provided a platform for individuals to see virtual and real objects 
simultaneously in a real-life setting. As compared to other technologies being implemented in education setting, it may contribute a 
new method to educate. This study investigated the possible effect of AR technology on students’ spatial visualization ability. AR-
Science Magic Book Learning System (AR-SMB) is a learning tool based on the AR technology which was developed in this study to 
facilitate students in learning science concept, hence enhancing their spatial visualization ability. The type of data collection 
methodology used is the quantitative approach in which pre-test and post-test design were implemented and the participant 
comprised of 34 fifth-grade students. According to the results, it was found that the scores of the Mental Rotation Test (MRT) post-
test were significantly greater than the pre-test, thus AR technology can be considered to be beneficial in enhancing students’ spatial 
visualization ability. There is a huge difference in terms of the scores of MRT between the pre-test and post-test which concludes that 
the treatment given can significantly improve and contribute towards their spatial visualization ability. The findings of this research 
enable the educators to incorporate AR learning into their teaching process in order for students to understand the rotation and 
transformation of objects that are related to each other. As a result, this study has shown a significant implication for the 
understanding of AR’s effect in enhancing spatial visualization ability among primary school students. 
 
Keywords— augmented reality; computer-based education; spatial visualization ability; science education. 
 
 

I. INTRODUCTION 

Spatial visualization ability is the underlying foundation 
in many scientific areas. Based on many studies associated 
with spatial visualization ability, it is determined that the 
achievement of Science, Technology, Engineering, and 
Mathematics (STEM) is greatly influenced by spatial 
visualization ability [1]. Nonetheless, among many cognitive 
abilities, less focus has been given on this ability in the field 
of education [2]. Hence, numerous science educators have 
often overlooked this matter [3], [4]. As a result, this ability 
is often failed to be produced among students leading to poor 
results and retention problems [5]. Numerous studies have 

shown that there is a positive correlation between spatial 
visualization ability and learning performance in science [6]. 
Despite that, many students are still facing difficulties in 
understanding the basic concept of science, as many of the 
concepts require students to think three-dimensionally. 
Therefore, it is necessary to develop an effective tool to cater 
to students’ need to have strong imagination ability because 
students nowadays cannot develop these spatial abilities by 
just learning in a traditional instruction environment. 
Therefore, to help students to build their spatial visualization 
ability, the possible solution is to instill students with a 
better mental rotation and transformation-thinking tool so 
that students can view things from various perspectives and 
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their effective thinking in three dimensions can be 
generated.Spatial visualization ability is commonly defined 
as “an individual’s mental ability to generate, retain, retrieve, 
and transform well-structured visual images” [7]. To be 
more precise, spatial visualization ability is used when the 
recognition, manipulation, and transformation of 3D objects 
are involved. Spatial visualization ability is categorized into 
two big dimensions; they are spatial visualization and spatial 
orientation [8]. Spatial visualization refers to an individual’s 
ability to accomplish or imagine manipulating, rotating, or 
inserting objects in mind without depending on the rotation 
speed [9]. Meanwhile, spatial orientation is defined as the 
ability to maintain the orientation of an object [10].  

Spatial visualization ability is one of the intelligence 
components in human [11]. Hence, cognitive achievement 
among students can be affected by spatial visualization 
ability. It is undeniable that spatial visualization ability is 
very important in the education setting; many educational 
researchers have been putting their attention on this matter to 
enhance students’ spatial visualization ability. Based on a 
few past studies, by using computer technology, it is proven 
that spatial visualization ability can be strengthened through 
practice. However, in term of the use of these tools has been 
limited in terms of the manipulations. At a recent time, 
Augmented Reality (AR) is one of the recently invented 
technologies that have gained the public’s attention; it is 
believed to have a positive influence on spatial visualization 
ability.  

Augmented Reality (AR) is a kind of technology that can 
put the virtual objects together such as 3D objects generated 
by the computer into the real world. Principally, AR refers to 
an interactive system, which meets the following three 
criteria: (a) the integration of real world with virtual 
information; (b) interaction with virtual objects at a real time; 
and (c) users’ experience in three dimensions [12]. AR is an 
innovative technology that able to supplement a real-world 
environment with a computer to generated sensory inputs. 
These virtual component seem to coexist with the real one in 
the same spaces, enhances the user perception of reality and 
enriching the information. AR has been touted as one of the 
most attractive technologies for education, is a powerful and 
motivating tool, which involve a combination of sound, sight, 
and touch [13]. For the generation that raised in interactive 
technologies, bringing AR technology into a classroom is 
effective in maintaining a high level of motivation and 
engagement among student [14]. The application of AR has 
a great potential in teaching and learning process, which has 
been explored currently. However, by looking at the narrow 
scope of the studies, only a few of them are related to the 
application of AR to improve spatial visualization ability. 

Several works related to AR and spatial visualization 
ability. As discussed in [15], in order to find out whether AR 
technology can be used to increase spatial visualization 
ability, a 3D construction tool named Construct3D using a 
collaborative setup with a stereoscopic head-mounted 
display (HMD) was developed. Some 215 high school 
students were tested with this application. The test was taken 
in the form of pre-test, training, and post-test design. 
According to the results, there was no clear evidence to 
show that AR can enhance spatial visualization ability. From 
the inspiration of the Lego game, 3DAR-LEG game was 

created to boost spatial visualization ability. However, this 
game incorporated two methods, namely the tangible input 
method by utilizing a pattern marker and the traditional 
method such as using a keyboard or mouse [16]. The game 
has several levels for users to train different spatial 
visualization ability skills. A study was conducted with 63 
participants to determine whether the game could 
successfully enhance spatial abilities. As a result, the 
average score was 6.8 out of 7. Unfortunately, this game did 
not have the feature to discover at which level of spatial 
visualization ability the users are after the game was played. 

In a vocational school, 36 students from the third-year 
level were taught using the AR model and tangible model to 
build their spatial visualization ability [17]. As a result of the 
study, a tangible model was significantly more effective in 
improving their abilities to transform 3D objects into 2D 
projections. However, it was found that there was no 
standard spatial visualization ability test being used to find 
out the effectiveness of the two models in terms of spatial 
visualization ability improvement. On the other hand, a 
similar study was conducted on first-year engineering 
students. Based on the study, the content of the AR was 
comprised of a series of exercise in an organization of 
difficulty from low to high. It was found that learning 
through AR could positively improve spatial visualization 
ability [18].  

The use of Augmented Reality (AR) in an educational 
setting has been receiving substantial attention from 
educational researchers [19]. The learning experience is 
important in teaching and learning process for primary 
education due to student need to gain more attention to 
increase motivation and satisfaction in the classroom. Spatial 
concepts can be represented by the uniqueness of AR in 
putting virtual objects into the real world, and at the same 
time, it can create an enthusiasm feeling among learners [18]. 
Despite this, there have been only a small number of studies 
focused on the use of AR in learning process [20] and most 
of the studies only emphasized students from higher 
education setting [21]. Hence, this study aims to construct a 
learning tool based on AR technology for science learning 
and study the influence of AR towards the spatial 
visualization ability of elementary school students. 

II. MATERIAL AND METHOD 

A. Research Design 

A quantitative method with a pre-experimental design of 
one group pre-test and post-test design was used to reach the 
objective of this study. 

B. Sample 

Thirty-four of fifth-grade students (10 years old) from one 
of the primary schools in East Malaysia were selected as the 
sample of the study. The reason for these samples being 
selected is that they just started to learn science theory 
specifically on astronomy, which requires a strong spatial 
visualization ability. 

C. AR-Science Magic Book Learning System 

AR-Science Magic Book Learning System (AR-SMB) is 
a learning tool based on the AR technology, which was 
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created to facilitate students in learning and overtaking 
misconceptions about science concepts. Based on the 
module, the content was made by the syllabus of fifth-grade 
elementary science, which was specified on the astronomy 
topic. 

In the application of AR-SMB, recognition of pages in the 
book can be made by using a webcam and then turning them 
into 3D presentations. Only a few necessary types of 
equipment are required to run this system such as webcam, 
marker, and laptop or desktop. To represent the virtual 
objects in every page of AR-SMB, a few items are needed 
such as notes, diagrams, and pattern markers. Below the 
notes section, there will be instruction given to facilitate 
users on choosing which marker to use. After starting the 
system, the students can make exploration and manipulation 
towards the pattern markers to illustrate virtual objects in 
order for them to understand the content better. They can see 
the ‘real’ earth, moon and sun which are represented by 3D 
effects. When a webcam detects a marker on a book, the AR 
software will create a virtual object, which can be 
manipulated by rotating or tilting the marker pattern or book 
(Refer Fig. 1-4). 

 

 

 

 

 
 

Fig. 1. Students are collaborating during AR activity 
 

 

 

 

 

 
Fig. 2. Students’ interaction with the AR. 

 

 

 

 

 

 
 

Fig. 3. 3D models of first AR activity 
 

 

 

 

 

 

Fig. 4. 3D animation pops up from the AR books 

D. Instrument 

In this experiment, we adopted one instrument in order to 
achieve the goal of the study. A test named the Mental 
Rotation Test (MRT) was used to collect the data by 
measuring the participants’ spatial visualization ability [22]. 
This test is one of the common tools used by researchers to 
conduct spatial visualization ability assessment. There are 20 
items in MRT, and the total score of MRT is 20 points. In 
each item, there are two sides; the left side consists of a 
target figure and the right side consists of four sample 
stimuli. The participant needs to choose the correct figure 
that represents the rotation of the target figure. Some 
adaptations or modifications were made on the items to 
prevent students from being affected by the floor effect [23]. 
The alternative figures were reduced to three instead of 
maintaining at four. Based on many past studies, it was 
claimed that the reliability of the test was .88, meaning that 
the consistency and reliability of this test were at the 
satisfaction level. Meanwhile, the Cronbach's alpha of this 
study was .86. Fig. 5 shows examples of MRT items. 

 

Fig. 5. A sample of the items in the MRT test 

E. Procedure 

The setting of the study is in a laboratory of the selected 
primary school. The laboratory is equipped with a webcam, 
computer, and AR-SMB. There were a few steps in 
conducting the study, which is shown in Fig. 3. In Week 1, 
the spatial visualization ability of each student was accessed 
by asking him or her to sit for the MRT. In this phase, they 
need to gather and answer the MRT pre-test for 10 minutes. 
In Week 2, brief training was conducted on students to show 
them how to control AR to avoid improper use and 
confusion. In training, there were two pattern markers; an 
instruction sheet was provided to guide them to use the 
pattern markers and AR interface. In Week 3, the students 
were required to make exploration and work on the task 
using the AR-SMB provided.  

This activity was constructed to facilitate students with 
the learning process and enable them to make more 
interaction with the system where they had the opportunity 
to make discussion, think and draw a conclusion based on 
the given questions by referring to AR. The students were 
free to make manipulation on the pattern markers without 
any restriction so that they can understand the concepts. In 
the experiment, they were asked to learn how the Earth, the 
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moon, and the sun move. Five pattern markers represented 
five animations of virtual objects.  

In the following week, which is Week 4, they learned 
about the occurrence of day and night by using the pattern 
markers from the AR-SMB to represent the sun and the 
Earth models. Two pattern markers were used in this module 
to represent the concept of the phenomenon of day and night. 
In Week 5, they learned about the phases of the moon where 
there are eight major phases that the moon goes through. In 
this module, one pattern marker to represent the moon and 8 
slots of spaces provided to show each phase of the moon. 
After the treatment was completely given, the students sat 
for the MRT post-test to evaluate their spatial visualization 
ability. The post-test of MRT was similar to pre-test but in a 
different order. The purpose of this phase is to access the 
spatial visualization ability of the student after they are gone 
through three activities with AR. Fig. 6 shows the data 
collection procedures for the entire six weeks. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. The methodology of the study 

III.  RESULTS AND DISCUSSION 

There were 34 participants participated in this study. 
Before the treatment, they sat for pre MRT test to access 

their prior level of spatial visualization ability. After that, the 
treatment using AR, which consists of three modules, was 
given to the students. After the treatment, the students were 
given a post-test to access their spatial visualization ability 
after the AR treatment. Table I illustrates the descriptive 
statistics of the MRT pre-test and post-test obtained by the 
students and Fig. 4 shows a general review of the 
comparison between the students’ results for their pre-test 
and post-test scores of MRT test.  

TABLE I 
DIFFERENCE BETWEEN THE MEAN AND STANDARD DEVIATION  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Comparison of student’s MRT pretest and posttest. 

As shown in Table 1, there is a difference between the 
mean and standard deviation for both of the test. The mean 
and standard deviation for MRT pre-test was 8.26 and 2.821 
respectively. Meanwhile, for post-test, the mean and 
standard deviation was 15.50 and 2.109. It shows that there 
is a difference between the students’ pre-test scores and 
post-test scores.  

To achieve the purpose of this study, which is to examine 
the potential of AR towards the spatial visualization ability 
of the students, the researchers performed a paired-samples 
t-test utilizing SPSS at a 0.05 confidence level.  

 

TABLE II 
DESCRIPTIVE STATISTIC OF STUDENT MRT TEST 

 
 
 
 
 
 
 
 
 
From Table II, the results of a paired or correlated sample 

t-test indicated that the AR was found significantly influence 
the spatial visualization ability in the MRT test (t = -20.8, p-

value = .000). Based on the results, it is undeniable that there 
is a significant difference between the score of the pre-test 
and post-test. Their spatial visualization ability has been 

Student sat for pre-test (MRT) 

Training on how to use AR marker 

AR learning activity- First topic 

AR learning activity- Second topic 
 

AR learning activity- Third topic 
 

Student sat for post-test (MRT) 
 

 Pair differences 
 

t df Sig. 
(2-

tailed) Mean Std Deviation Std Error Mean 95% Confidence Interval 
of the Difference 

Lower Upper 
MRT Posttest- MRT pre-
test score 

-7.235 2.031 .348 -7.944 -6.527 -20.773 33 .000 

 

MRT N Mean Standard  
Deviation 

Pre-test (MRT) 34 8.26 2.821 

Post-test (MRT) 34 15.50 2.019 
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greatly improved after the treatment was given. Hence, it can 
be concluded that the use of AR-SMB has significantly 
enhanced its spatial visualization ability.  

This study was conducted to find out whether the 
application of AR can benefit the students in terms of spatial 
visualization ability. The current study has proven that the 
enhancement of this ability can be facilitated using AR. 
After the pre-test and post-test were applied, it is obvious 
that the scores of the post-test are significantly higher. To be 
more specific, the students are now able to think, imagine, 
and view from the various point of view after they received 
the treatment of AR-SMB in this study. The result is 
consistent with data acquired in [24]–[26], which have 
proven that the AR technology could contribute to enhancing 
spatial visualization ability. Spatial visualization ability can 
be definite as an ability used by individuals to visualize the 
configuration of an object if it is folded, rotated, relocated or 
transformed; all these orientations can be facilitated by AR 
technology. This is because AR provides a platform for 
students to manipulate a virtual object freely from various 
perspectives as they can use their bare hands to make 
manipulation [27]. This activity allows them to use their 
prerequisite knowledge regarding the real world setting to 
make interaction with the learning content. They can simply 
move around and tilt the AR marker to freely adjust 
perspectives and move nearer and farther to adjust the scale 
of the virtual objects.  

Also, each learning task conducted in this study required 
the students to observe and manipulate the virtual objects in 
order for them to understand and manage to answer the 
question. Every time they have a problem in understanding 
the task given, they can view the virtual object projected by 
the AR system. AR provided the ability to help students 
develop a deeper understanding of the concept of Earth and 
the universe that requires them to observe the events that 
occur from a variety of perspectives by using AR. Such a 
process is similar to the process performed by students in 
solving problems in the MRT tests, which required spatial 
visualization ability. 

Besides that, another clarification for these findings also 
due to AR comprises of representation that can be modeled 
in 3D, which in turn can affect spatial visualization abilities. 
Virtual objects are produced with AR, which can be seen 
three-dimensionally; thus, students do not need to burden 
themselves with heavy working memory load as the spatial 
information process is reduced. The content of science topics 
especially astronomy is usually quite abstract, and it needs 
high spatial visualization ability to understand. 

With the use of 3D imagery, students can visualize the 
abstract concept, which cannot be easily seen in a real-life 
setting. Hence, there is no need for students to apply spatial 
processing schema to transform 2D objects into 3D objects 
because AR can improve their spatial abilities. 

Research also proved that the learning material used for 
teaching and learning play an important role and affecting 
spatial visualization ability. The main problem with the 
current method to improve the learning environment that 
requires spatial visualization ability is the use of 2D 
materials. Therefore, it is important to incorporate the 3D 
technology-based education into the teaching and learning 
process. With enhancement in education, traditional ways of 

education are not efficient. The process of teaching and 
learning in primary school is used a conventional method 
such as using chalk to write, textbook and graphic to explain 
[28]. Textbook play a traditional role in the science 
classroom. Teachers used a textbook only to help the student 
read the topic being taught. However, textbook reading only 
is not enough to encourage students to learn well. Students 
need to imagine himself/herself a real-world environment of 
the chapter they studying. A study revealed that many 
children disagree with the methods of teaching that only 
focused on the textbook only. It was found that many 
teachers focused on memorizing rather than making a 
student understand [29]. Teacher not only needs to find the 
research-based problems suitable for their classes but also 
need pedagogical support to implement the problems. The 
most student could remember and retain the knowledge in 
the topic that was taught using AR application [30]. Since 
spatial visualization ability is the ability that used to rotate 
and manipulate three-dimensional (3D) objects in an 
imaginative space, so the incorporation of AR, which is 
mainly based on the 3D representation of visual and allow 
the interaction from a different perspective was one of the 
teaching tools that. 

IV.  CONCLUSION 

The goal of this study is to find out the impact of learning 
through AR towards the spatial visualization ability of the 
students. It was found that AR technology has a positive 
effect on improving students’ spatial visualization ability. 
There is a huge difference in terms of the scores of MRT 
between the pre-test and post-test which concludes that the 
treatment given can significantly improve and contribute 
towards their spatial visualization ability. The findings of 
this research enable the educators to incorporate AR learning 
into their teaching process in order for students to 
understand the rotation and transformation of objects that are 
related to each other. The ability to combine virtual objects 
and the real environment makes AR unique, and it is 
unachievable with the use of other technologies. However, 
this study has its limitation in which there was no presence 
of a control group. Therefore, the improvement of the post-
test score of students may not only due to the AR learning 
experiment, but it could also be affected by other variables. 
It is recommended to have a control group in the future 
investigation. In future development, this research could be 
enhanced by referring to various other works available such 
as in [31], [32]. Concisely, it can be said that AR technology 
is beneficial in helping students to develop and improve 
spatial visualization ability and it can be implemented in the 
teaching and learning process effectively. 
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