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Abstract 
This research aimed to identify the effectiveness of augmented reality technology on improving 
visual thinking in mathematics and academic motivation among middle school learners in Saudi 
Arabia. To accomplish the research objectives, the experimental method with a quasi-
experimental design was adopted and it included an experimental group and a control group with 
the pre-and post-test of both groups. The research was implemented on a random sample of (76) 
students and the research tools included the Visual Thinking Test and Academic Motivation Scale. 
The tools were pre-and post-tested to the groups of the research in the second semester of the 
academic year 2019/2020AD. The results concluded that the experimental group surpassed the 
control group in visual thinking and academic motivation. Based on the results, both researchers 
recommended the involvement of augmented reality technology in mathematics instruction at 
different levels of education. They also recommend the inclusion of this technology in 
mathematics in overall, and Geometry in specific. 
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INTRODUCTION 
The massive transformation in communications and 

information technology imposes on education the need 
to adopt new methods of education based on 
methodological foundations compatible with 
contemporary technology. The use of technology in 
education has become an urgent and absolute need not 
just a choice as conventional education is no longer 
appropriate for the new generations. This is illustrated 
by the connection of students to their tablets, cell phones, 
and other technical advancements. Thus, many teaching 
techniques have emerged that rely on applying digital 
technology in education. 

Most countries have tended to develop their curricula 
as the concern in the development started at all 
educational stages, and specialists needed to develop 
strategies and activities for the curriculum, by 
employing modern technologies in education (Alimat & 
Abu Jalalah, 2011). The Ministry of Education has 
therefore initiated the curriculum development and 
educational environment improvement and the use of 

technology within the Education Initiative objectives to 
fulfill the National Transformation Program 2020, which 
is one of the Saudi Vision 2030 programs to improve the 
outcomes of the educational process (The Ministry of 
Education, 2016). 

Augmented Reality (AR) technologies are among the 
contemporary and significant concepts added by 
information technology, which refers to the inclusion of 
reality with virtual reality within specific educational 
situations through special methods and techniques 
(Nofal, 2010). Augmented reality is distinguished as a 
type of technology that improves the physical world 
through computer-generated content. Also, augmented 
reality allows the incorporation of digital content 
effortlessly to realize the user insight of the physical 
world, as it is possible to add 2D and 3D forms and 
incorporate audio, video, and text files. These tools can 
also increase personal skill and information and realize 
what is going on around them (Yuen et al., 2011). 

Shelton (2002) stated that using augmented reality 
technology, actual and virtual objects can be combined, 
and the use of suitable knowledge from the external 
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environment in a digital sphere that stimulates reality 
can be possible. Moreover, modern applications of 
technology in augmented reality make it possible to 
connect the fields of instruction and entertainment, and 
thus to find new methods and resources to facilitate 
teaching and learning. 

The National Council of Teachers of Mathematics 
(NCTM) in the United States of America (2008) enacted 
the principles and standards of school mathematics and 
introduced technology as a basic tool for mathematics 
instruction in the 21st century, which emphasized the 
significance of augmented reality technologies. All 
mathematics teacher must exploit the role of technology 
in improving a student’s understanding of mathematics 
and developing his or her mathematical knowledge. 
Besides, learners can think about the use of technology 
to solve issues they have not faced before.  

Augmented reality technology aims to incorporate 
the actual environment in the computer and promoting 
it with virtual data, resulting in the student’s 
incorporation between the real situation in front of 
him/her and the virtual situation generated by the 
computer, which, in turn, enhances the real situation 
with additional information. It targets to design a system 
in which the change between the physical world and 
what has been inserted to it cannot be realized, by 
augmented reality technology. When the student uses 
this technology to think over his surrounding 
environment, the objects in this environment are 
provided with information that goes along with the 
image he is thinking over or provided with a 3D shape 
that can be controlled while presented on the screen. 
Augmented reality technology also helps tremendously 
to inspire learners and make the learning experience 
more fun (Rattanarungrot et al., 2014). 

Numerous studies, including Estapa and Nadolny 
(2015), Hsiao et al. (2016), and Bacca et al. (2014) have 
highlighted the need to build and develop multiple 
scenarios for the use of augmented reality technology in 
teaching and learning at all stages of education. It helps 
to improve student learning and can stimulate 
motivation for learners. Barreira et al. (2012) also 
suggested that learners who were exposed to the 
experience of augmented reality had more fun and less 
challenging study experiences than those who relied 
solely on conventional methods to teach them. The 

augmented reality technology has several advantages, 
among them: its ability to encourage motor learning and 
support the learning process with a wide range of digital 
learning elements that help integrate learners into the 
learning process, and increase their motivation towards 
learning (Diaza et al., 2015). 

Research Problem 

Recently, the various aspects of life, including 
technological advancement and scientific progress, are 
constantly and rapidly evolving, and due to the 
significance of technology and its role in curriculum 
development, educational institutions around the world 
have shown interest in teaching through modern 
applications and in training their use in the educational 
process. Applications of augmented reality technology 
that can be used in the educational process have arisen 
as a result of this technological growth. It helps learners 
to access digital information that is not available in 
reality. Both researchers noticed a deficiency in the 
degree of different higher-order thinking abilities 
enjoyed by middle school learners for multiple reasons 
including the conventional education, the limited use of 
recent technology and its utilization in various 
instructional situations by teachers, and the shortage of 
teachers’ experience in utilizing current applications and 
technologies in education. To verify the research 
problem, the two researchers prepared a pilot study by 
conducting some interviews with the mathematics 
supervisors, and asked them several questions, namely:  

1. From your field visit observations, do the teachers 
have prior knowledge of augmented reality 
technology? 

2. Did you notice during the field visit that the 
teachers use augmented reality technology while 
teaching?  

3. If teachers use augmented reality technology 
during their teaching, what are the challenges 
they are facing? 

4. Can augmented reality improve teachers’ 
performance?  

5. From your math lessons’ observations, does the 
teacher use activities that help develop visual 
thinking skills? Clarify your examples if the 
answer is (Yes). 

Contribution to the literature 
• It offers quantitative statistics and data for the effectiveness of the augmented reality on improving the 

visual thinking in mathematics and academic motivation for middle school students. 
• The results suggest that concentrating on the use of the augmented reality technology in teaching 

mathematics for middle school students due to its effective role in inspiring students and raising their 
visual thinking skills. 

• It presents situations from the employment of the augmented reality for teaching mathematics and 
developing students’ visual thinking. 
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The pilot study revealed the existence of a deficiency 
in the reality of teaching mathematics to middle school 
learners. The answers of the supervisors indicated their 
use of the conventional method in teaching mathematics 
in middle school, which depends on the very limited use 
of some educational methods, in addition to the lack of 
interest in placing learners in the learning environment 
in which they can participate, be active, and learn by 
practice, as the teacher pays full attention to the content, 
regardless of the method used in teaching. Further, 
teachers of mathematics are only interested in gathering 
facts and concepts without being interested in 
developing abilities to think, particularly visual thinking 
among learners, and there is no concern about the 
targeted emotional aspects of teaching mathematics that 
help learners achieve learning.  

Besides, when checking the follow-up archives of 
some middle school learners, both researchers noted that 
the mean scores of learners who have been taught in the 
conventional way have not been well estimated 
compared to those taught by modern teaching ways. 
This gap needs to be addressed by examining the effect 
of the shift from the conventional teaching way to the 
more technical way. 

Therefore, the research problem was determined 
based on the existence of a deficiency or weakness in 
visual thinking skills among middle school learners, in 
addition to the existence of a weak level of achievement 
motivation among them. There is also a deficiency in the 
use of educational methods and computers in teaching 
some aspects of mathematical knowledge that are 
difficult to harmonize in reality. To address this 
problem, there is a need to use augmented reality 
technology, which is one of the technologies that can 
participate to the development of visual thinking and 
enhance academic motivation. 

Therefore, this research tries to reply the following 
prime question:  

What is the effectiveness of augmented reality 
technology on improving visual thinking skills in 
mathematics and academic motivation among middle 
school students? 

From this prime question, several sub-questions 
branched: 

1. What is the effectiveness of augmented reality 
technology on improving visual thinking skills in 
mathematics among second-grade middle school 
students? 

2. What is the effectiveness of augmented reality 
technology on improving academic motivation 
among second-grade middle school students? 

Research Objectives 

1. There is a statistically significant difference 
between the mean scores of the experimental 

group students (who studied using the 
augmented reality technology) and the control 
group’s scores (who studied using the 
conventional method) in the visual thinking test. 

2. There is no statistically significant difference 
between the mean scores of the experimental 
group in the post and follow up visual thinking 
test (two months after the completion of the 
application of the research experiment). 

3. There is a statistically significant difference 
between the mean scores of the experimental 
group students (who studied using the 
augmented reality technology) and the control 
group’s scores (who studied using the 
conventional method) in the academic motivation 
scale. 

4. There is no statistically significant difference 
between the mean scores of the experimental 
group in the post and follow up academic 
achievement scale (two months after the 
completion of the application of the research 
experiment). 

Research Hypotheses 

1. There is a statistically significant difference 
between the mean scores of the experimental 
group students (who studied using the 
augmented reality technology) and the control 
group’s scores (who studied using the 
conventional method) in the visual thinking test. 

2. There is no statistically significant difference 
between the mean scores of the experimental 
group in the post and follow up visual thinking 
test (two months after the completion of the 
application of the research experiment). 

3. There is a statistically significant difference 
between the mean scores of the experimental 
group students (who studied using the 
augmented reality technology) and the control 
group’s scores (who studied using the 
conventional method) in the academic motivation 
scale. 

4. There is no statistically significant difference 
between the mean scores of the experimental 
group in the post and follow up academic 
achievement scale (two months after the 
completion of the application of the research 
experiment). 

Research Significance 

Theoretical Significance: the research contributed to 
enriching the scientific references on the use of 
augmented reality technology in teaching mathematics 
and keeping pace with the modern trends of the Saudi 
Vision 2030 that calls for employing modern technology 
in education because it adopts a recent instruction way 
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depends on the learners’ interaction with the augmented 
reality technology, making the learning environment 
more dynamic and active, which reflects positively on 
the learners’ thinking and motivation for learning. 

Practical Significance: First: The results will be 
valuable for those participating in mathematics teaching 
including supervisors, teachers, and researchers in 
particular. They also help to plan the mathematics 
curriculum by taking into consideration the use of 
augmented reality technology in mathematics for the 
middle stage, guaranteeing the enrichment of 
mathematics subjects. 

Second: The results will be valuable to learners 
because it will inspire them to carry out active learning 
through interaction with the augmented reality 
technology, and create motivation to learn, which is 
positively reflected in their mathematics learning. 

Third: The results will extend researchers with field 
evidences about the effectiveness of augmented reality 
technology in improving visual thinking and learning 
motivation, and the continuing impact of learning on 
learners. 

Fourth: This research maintains pace with worldwide 
and local developments that call for the need to benefit 
from the use of augmented reality technologies in 
schooling. 

Research Limits 

Objective Limits: This research was limited to the 
sixth chapter (Measurement: Area and Volume) of the 
mathematics book for the second-grade learners in the 
second semester in middle school, and the visual 
thinking skills that include: visual discrimination, visual 
perception, third dimension perception, spatial 
visualization, and visual analysis of shapes; while the 
academic motivation dimensions were: ambition, 
perseverance, enjoying learning mathematics. 
Augmented reality apps were deployed and they were: 
Zappar - HP Reveal. 

Human Limits: The research was implemented to 
(76) second-grade learners in public middle schools in 
Al-Khobar governorate, and the learners were divided 
into two groups: one experimental group consisting of 
(38) learners, and a control group consisting of (38) 
learners. 

Spatial Limits: This research was implemented in 
middle schools in Al-Khobar Governorate - Eastern 
Province - Kingdom of Saudi Arabia.  

Time Limits: The research was implemented during 
the second semester of the 2019/2020 academic year. 

Research Terminology 

Augmented Reality Technology: Larsen et al. (2011) 
defined it as gathering, synthesizing, and visualizing 
digital data using digital views of the reality of the 

environment surrounding humans, and from a 
technological perspective, augmented reality is often 
linked with computers or smart devices that can be 
carried. 

Procedurally, it is defined in this research as a form 
of technology such as (Zappar - HP Reveal) used in 
teaching mathematics among middle school second-
grade learners, through which digital content is added 
to the mathematical content to provide learners with 
additional information that is not directly apparent upon 
seeing that content to improve their visual thinking and 
academic motivation.  

Visual Thinking: Muhammad (2016) defined visual 
thinking skills as a structure of processes containing of a 
group of skills that inspire the student to visual thinking 
and meditation, and to interpret these images into the 
languages of his concept; written or spoken, and extract 
information from them. 

Procedurally, it is defined in this research as a 
sequence of mental processes that treat what is seen by 
the second-grade student from images and drawings to 
be able to obtain meaningful information. The student 
then has a visual image in mind that is measured by the 
visual thinking test developed by the researchers, which 
measures the skills of visual discrimination, visual 
perception, third dimension perception, spatial 
visualization, and visual analysis of shapes.  

Academic Motivation is defined by Al Laqani and 
Al-Jamal (2013) as the level of conviction of the 
individual in the importance of the program he/ she 
studies, which affects his level of performance during 
the study, and needs him to progress towards the 
specific goals of the program. 

Procedurally, it is defined in this research as the 
willingness of the second-grade student to perform the 
activities assigned to her by the teacher and it is 
determined by the total scores that the student will 
obtain in her response to the academic motivation scale 
prepared by the researchers in the following dimensions: 
ambition, perseverance, enjoying learning mathematics. 

THEORETICAL FRAMEWORK AND 
PREVIOUS STUDIES 

Augmented Reality Technology 

Azuma (1997) defined the augmented reality 
technology as interactive technology, in which a part of 
the virtual world is incorporated with the real world, 
and 3D shapes are added to it.  

Yuen et al. (2011) noted that augmented reality is a 
type of technology that enriches the actual world 
through computer-generated content, as it allows 
seamless adding of digital content to comprehend the 
user’s insight of the actual world, also, 2D and 3D forms 
can be supplemented, and text, audio, and video files 
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inserted. These tools can also increase persons’ 
knowledge and perception of what is going on around 
them. Besides, augmented reality is a technology that 
provides an infinite number of auxiliary tools for 
receiving education, enhances the study material, makes 
it interesting and attractive, mixes real reality with 
virtual objects, and transfers the learner from the 
recipient to the information seeker.  

Hence, the use of augmented reality technology in 
education and the classroom environment has many 
advantages. Anderson and Liarokapis (2010) mentioned 
that one of the advantages of augmented reality 
technology is that it provides the teacher with clear and 
concise information that enables him to enter his 
information and data and communicate with it in an 
easy way that allows interaction between the teacher and 
the learner. It also has the advantage of being able to 
expand easily and make the procedures between teacher 
and learner clear. 

Also, one of the advantages of augmented reality 
technology is mixing imagination and reality in a real 
environment by using interactive 3D objects at the same 
time when using it (Azuma et al., 2001). This technology 
also provides educational content on multiple 
dimensions from a 2D and 3D perspective. It enables 
interaction with 2D and 3D manufactured objects in a 
blended augmented reality (Kerawalla et al., 2006), and 
allows learners to experience phenomena that are not 
possible to occur in the real world (Klopfer & Squire, 
2008). This technique is also characterized by improved 
learning, development of motivation, and cooperation 
among learners (Bacca et al., 2014; Lee, 2012).  

Yuen et al. (2011) also indicated the justifications for 
using augmented reality technology as follows: it 
stimulates learners to discover information on their own, 
provides a learning environment suitable for multiple 
learning styles and different ages, helps in learning 
study materials that the learner cannot easily perceive 
except through realistic experiences such as astronomy 
and geography, and encourages the learner and 
increases his creativity and his ability to imagine and 
perceive. 

Ahmad (2020) also mentioned that the benefits of 
augmented reality technology in mathematics learning 
are that this technology increases learners’ confidence 
and understanding. It contributes to increased 
understanding of mathematics content, in particular 
learning geometry and 3D shape. The augmented reality 
technology improves the geometry visualization of 
learners by providing interesting and entertaining visual 
content to see engineering objects from different angles 
and this made learning mathematics more effective.  

Glockner et al. (2014) stated that for augmented 
reality to be possible, several basic tasks must be 
accomplished and their outcomes combined effectively:  

1. Image splitting: It is the process of separating the 
front end of the objects from their background, 
and the degree of quality of the separation process 
determines the success of the process of extracting 
objects from the image. 

2. Extraction: it means finding the known elements 
in the image from corners, lines, curves, and 
shapes, and this step consists of several stages; 
you start with exploring the corners, then the 
edges, and finally, uncovering the square of the 
mark. 

3. Mark exploration: The true mark must be 
designed in a way that makes it easy to explore to 
make it easy to identify it among other marks, and 
this stage is concerned with finding the location of 
each cell on the image.  

4. Camera Orientation: This step comes after 
identifying the mark, as the location of the mark is 
located within the spatial space for digital objects 
to be embodied on the image, and their scale and 
direction must match the detected mark i.e. the 
digital object representing the image appears and 
not another object. 

5. Integration: At this stage, 3D objects are embodied 
within the scene, and their inclusion on the mark 
takes into account the quality of rendering and 
lighting. 

There are different types of augmented reality 
reported by Patkar et al. (2013), and they are 
summarized in Figure 1. 

 
Figure 1. Types of augmented reality 
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This means that augmented reality (AR) presents 
virtual objects to the actual environment to improve the 
environment, and the augmented environment is 
derived from the overloading of computer-generated 
objects and information on physical objects. Augmented 
reality is widely used for learning purposes. Augmented 
reality-based learning contains a diversity of 
applications targeting culture, history, games, 
sightseeing, and museum guidance (Baker et al., 2020; 
Ivanova & Ivanov, 2011). 

The effectiveness of teaching with augmented reality 
is evident. The studies of Cai et al. (2020), Perez-Lopez 
and Contero (2013), Liou et al. (2017) that augmented 
reality is a hopeful tool to develop students’ motivation, 
to reinforce the teaching and learning process, and to 
encourage students to pursue tasks. Also, augmented 
reality technology helps to comprehend various 
thoughts in the computer graphics field, enhance 
perception, support thinking, and develop positive 
trends towards learning mathematics. 

Visual Thinking 

Visual thinking is a mental activity and skill that 
helps a person obtain information, represent it, interpret 
it, perceive it and memorize it, then express it and his 
ideas visually and verbally. This is to achieve 
communication with others, and it is important for 
reasoning and problem solving (Mcloughlin & 
Krakwski, 2001). Surya et al. (2013) defined visual 
thinking skills as a group of processes, involving of a set 
of abilities that inspire the student to visual thinking and 
meditation, and to interpret these images into spoken or 
written language, and extract information from them. 

In the field of educational learning, some researchers 
have tended to pay attention to identifying visual 
thinking and to concentrate on visual thinking as skills 
or abilities that play a significant role in learning and 
teaching. Yunus (2017) defined it as a mental capacity 
acquired by the learner, so that it enables him to use the 
sense of sight in perceiving the meanings and 
connotations and extracting the information contained 
in the shapes, pictures, drawings, lines, symbols, and 
colors, and converting it into a verbal language written 
or spoken, while easily preserving it in his cognitive 
structure. Huh (2017) defined it as an analytical process 
that includes receiving, understanding, and producing 
visual messages.  

It can be inferred that visual thinking is one of the 
forms of thinking based on the connection between the 
sense of vision and mental activity aimed at obtaining 
and interpreting visual stimuli apparent from the 
external environment, and what these stimuli contain in 
terms of knowledge, facts and relationships, in light of 
these previous definitions, therefore, understand, 
interpret and represent these stimuli, and keep them in 
his cognitive structure and then express them in his 

language, and the ability to produce visual messages 
that express his thoughts. 

Visual thinking plays a vital role in instruction 
learning processes. Ammar and Kabbani (2011) pointed 
to the importance of visual thinking in the field of 
developing students’ visual language skill, developing 
the ability to understand visual messages surrounding 
the educational process members from every side as a 
result of scientific and technical progress, and the ability 
to solve problems, by selecting and defining visual 
concepts, understanding abstract concepts and 
associated processes, developing students’ abilities to 
make visual comparisons and reaching conclusions 
easily, and facilitating the development of students’ 
abilities to discover similarities and differences in the 
visual scene. 

The two-sided brain theory suggests that there are 
two complementary ways of processing information. 
The first is linear, moving step by step, as the left 
hemisphere of the brain analyzes the parts that make up 
the pattern, and the second method works to find the 
visual-spatial relationships that form this model and this 
is done in the right half of the brain. There is also a 
noticeable increase in the activities of the right 
hemisphere when the person operates tasks that need 
visual thinking and a marked increase in the activities of 
the left hemisphere when the person operates tasks that 
require verbal thinking (Novak & Feingold, 2008). 

Visual thinking plays an imperative part in 
mathematical problem-solving. several learners do not 
comprehend how to visually or spatially depict 
problems and resolve math issues. Visual thinking is an 
ability, method, and products to construct, view, use, 
and visualize pictures and drawings on notepaper or use 
procedural means, explain and express information and 
thoughts, generate thoughts, and understand math 
problems (Ummu & Maryono, 2020). 

Students may improve visual thinking by focusing on 
the shapes, sketches, and images provided in the 
situation and the actual relationships involved in it, and 
trying to find meaning for the material they contain 
(Campbell et al., 1995). 

By reviewing the previous literature, the researchers 
noted that many studies agree on the classification of 
visual thinking skills, including the study of Al-
Shoubaki (2010), the study of Al-Muqbel and Al Jabr 
(2016), and Al-Shalwi study (2017) on the description of 
visual thinking skills as follows:  

1. The skill of visual discrimination: it means the 
student’s ability to identify the different or similar 
shape among a group of presented shapes. 

2. The skill of visual perception: It means the 
student’s ability to identify the missing shape 
after observing changes in a series of shapes. 
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3. The skill of third dimension perception: It means 
the student’s ability to define the three-
dimensional shape resulting from folding a flat 
shape and installing one of the sides as a basic 
base for the shape. 

4. The skill of spatial visualization: It means the 
student’s ability to imagine the shape that 
represents the scene (top, front, or side) of a 
building, or to recognize a model when the view 
(top, front, and side) is visible to the student. 

5. The skill of visual analysis of shapes: It means the 
student’s ability to determine the parts of the main 
form presented. 

Technology provides tools that allow individuals to 
think visually since computers provide models for us to 
understand and solve problems (West, 1997). 
Augmented reality technology has an effective role in 
developing thinking, especially visual thinking. Several 
studies have found that students who were taught with 
augmented reality technology performed significantly 
better than those who were not taught to them in 
achievement and visual thinking (Al-Ghamdi, 2020; Al 
Hilou, 2017; Al-Muqrin, 2020; Al-Salahat, 2019; Osamah 
et al., 2019; Salama, 2019). 

Academic Motivation 

Academic motivation is the inner power stimulating 
the person’s conduct and guiding him towards 
achieving his desired goal. Such inner power could be 
generated as a result of some internal and/ or external 
factors (Aqeel, 2012). The achievement motivation is the 
relatively constant willingness of the person, according 
to which the person strives and persists until achieving 
success, and accordingly feels satisfied, in those 
situations requiring performance evaluation according 
to a certain level of excellence (Othman, 2010). 

Academic motivation could be considered as a factor 
activating students, controlling their abilities, and 
regulating their conduct during educational situations, 
so that such students could engage more in the 
educational process. Moreover, the academic motivation 
enhances students’ enthusiasm for studying, satisfies 
their growth requirements, promotes their persistence 
throughout various educational situations, and 
encourage them to exert more efforts to memorize 
various academic subjects (Mansi, 2003). 

Weber (2003) classified motivation into two types: the 
intrinsic motivation through which the person is 
engaged in a certain activity or task, which means that it 
is generated for a certain purpose, and could be realized 
when the student carries out the task to satisfy his desire 
or for fun while seeking perfection; and the extrinsic 
motivation through which the person is engaged in a 
certain activity or task to achieve a goal connected to 
external factors, such as achieving fame or attaining 
praise from peers, teachers or parents. Usually, students 

with extrinsic motivation focus on achieving 
performance goals, while students with intrinsic 
motivation focus on intrinsic qualities and might amend 
the goals as required to accomplish the task because they 
enjoy studying (Butler, 2000). Many researchers 
concluded that academic motivation declines, in 
particular, when students move from elementary school 
to middle school, and the academic achievement is 
declined accordingly (Alspaugh, 2001; Bassi et al., 2007). 

Modern technologies, in particular the augmented 
reality technology, play an effective role in enhancing 
student motivations. In this regard, the research of Di 
Serio et al. (2013) aimed at determining the effectiveness 
of the augmented reality technology on enhancing 
student motivations in the Visual Arts Course. This 
research concluded that the augmented reality 
technology had an affirmative impact on the motivations 
of middle school students and demonstrated that 
confidence and comfort factors attained the highest 
scores in light of the augmented reality technology. 
Furthermore, the results of research of Ibarra et al. (2019) 
demonstrated that 50% of students who used the 
augmented reality technology, when dealing with signs 
and 3D objects, were more enthusiastic and interested 
when studying mathematics and communication. The 
results of the research of Sarkar et al. (2020) aimed at 
developing an augmented reality-based unit for the 
curriculum of the seventh and the eighth grades to 
promote student active participation in the classroom 
while learning lines and angles, demonstrated that the 
majority of the participants – representing 90.4% – 
preferred carrying out augmented reality learning 
activities in pairs more than individually, and there was 
no significant difference between the motivation scores 
of the participants of both groups. Furthermore, the 
research of Valarmathie et al. (2020) proved the 
effectiveness of the augmented reality technology in 
enhancing the learning motivation for scientific 
experiments. Also, many researchers demonstrated that 
the augmented reality technology had a positive effect 
on student learning motivation, and the following are 
some of such researches: Sudirman et al. (2020), Cheng-
Chang (2020), Ibáñez et al. (2020), Chen (2019), Chen et 
al. (2019), Kirikkaya and Başgül (2019), and Estapa and 
Nadolny (2015). 

Given the foregoing, it was clear that the achievement 
motivation of students has a great role in learning 
mathematics, as it encourages students to practice 
various activities for learning purposes, side by side with 
its role in keeping students motivated till the end of the 
learning activity, achieving the desired learning goal, 
and enhancing students till reaching self-satisfaction. 
Therefore, the current research addressed the use of the 
augmented reality technology in teaching mathematics 
and examined its effectiveness in enhancing student 
achievement motivation in mathematics for middle 
school students. 
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METHODOLOGY 
The current research aimed at examining the effect of 

the augmented reality technology when teaching 
mathematics in improving visual thinking skills and 
academic motivation among middle school students. For 
such purpose, an experimental approach with a quasi-
experimental study design was adopted, and there were 
two groups: the experimental group and the control 
group, and Figure 2 demonstrates the experimental 
design of the research. 

Research Community and Sample 

• Research Community: The community of the 
current research consisted of all regular second-
grade female students enrolled in the middle 
school, general education schools, Al Khobar, 
Eastern Province, Kingdom of Saudi Arabia, in 
2019/2020 A.D, with a total number of (2742) 
students, in accordance with the statistical guide 
of Al Khobar Education Office. 

• Research Sample: the research sample consisted 
of group/ groups of individuals from the original 
community, which was/were supposed to 
represent the original community, and such 
sample was selected in a simple random way, as 
follows: 

The names of all governmental middle schools for 
girls in Al Khobar, Kingdom of Saudi Arabia, were 
written on paper scraps, then a scrape representing a 
school of the research sample was pulled, and 
accordingly, the Third Middle School for Girls in 
Dhahran was selected. This school includes 5 classes, so 
two-second grade classes were selected randomly so that 
one of them would represent the experimental group. 
Then, 2/3 class including 38 students was selected to 
represent the experimental group and 2/1 class 
including 38 students were selected to represent the 

control group. So, the total sample number was 76 
students. 

Research Tools 

Visual thinking test 

After reviewing and reading researches addressing 
visual thinking skills, such as the research of (Al-Maliki, 
2016; Elsayed, 2010; Mokely, 2013), the following skills 
were identified: (visual discrimination of shapes, visual 
perception of relationships, third dimension perception, 
spatial visualization, and visual analysis of shapes). 
These skills were selected due to their appropriateness 
for the nature of the class (in terms of area and capacity), 
and each skill was defined for interpretation and 
measurement; such skills are illustrated in Figure 3. 

Multiple-choice questions were formulated for the 
exam purposes and each question was composed of an 
introduction and four answer choices including the right 
choice. So, the exam was composed of 25 multiple-choice 
questions, so that 5 questions were included under each 

 
Figure 2. A diagram demonstrating the experimental design of the research 

 
Figure 3. Visual Thinking skills in current research 
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visual thinking skill. The initial version of the visual 
thinking test was posed to a group of arbiters specialized 
in mathematics education, to solicit their views 
concerning the appropriateness of each statement of the 
visual thinking test for students enrolled in the second 
grade of the middle school, and the required 
amendments were made in light of the instructions of 
arbiters. 

Pilot Test: after verifying the validity of the test, the 
test was implemented to a pilot sample composed of 64 
students enrolled in the second grade of the middle 
school, to determine the required average time. For such 
purpose, the time spent by the first student completing 
the test questions and the time spent by the last student 
completing the test questions were calculated, and then 
the average of both times was calculated; and 
accordingly, the time required for the test was estimated 
at 22 minutes. Moreover, the internal consistency of the 
visual thinking test was verified through calculating the 
Pearson Correlation Coefficient to identify to what 
extent each question of the test was related to the overall 
score of the skill under which it was included, and Table 
1 demonstrates the related results. 

Moreover, the overall reliability of the visual thinking 
test was proved using the Kuder-Richardson formula, 
and the reliability coefficient was estimated at 0.933, 
which confirmed that the visual thinking test had an 
acceptable degree of reliability and was appropriate for 
scientific research purposes. 

Academic motivation scale 

This scale was aimed at measuring the willingness of 
the students enrolled in the second grade of the middle 
school and included in both the experimental and 
control groups, to perform the duties assigned to them 
by the mathematics teacher, in mathematics before and 
after the experiment, to determine the effectiveness of 
the augmented reality technology in improving the 
academic motivation. 

After reviewing the researches addressing the 
achievement motivation such as the research of (Al-
Alwani, 2011; Chen, 2019), the following dimensions 
were identified: (ambition, perseverance, enjoying 

learning mathematics). These dimensions were selected, 
in accordance with previous researches due to their 
appropriateness for middle school students. The 
statements of the scale were formulated in consistent 
with the Three Point Likert Scale, so that the responses 
were (approve, neutral, disagree). The three-point scale 
was selected due to its clarity and appropriateness for 
the middle school students. Furthermore, the test 
instructions were prepared for guiding and instructing 
students when answering the test. The scale was 
presented to a group of arbiters specialized in 
mathematics education, then the required amendments 
were made in accordance with the views of arbiters. 

After verifying the validity of the scale, the scale was 
implemented to a pilot sample composed of 64 students 
enrolled in the second grade of the middle school. The 
time spent by the first student responding to the scale 
statements and the time spent by the last student 
responding to the scale statements were calculated, and 
the average of both times was calculated. Accordingly, 
the time required to respond to the scale was estimated 
at 22 minutes. 

The internal consistency of the academic motivation 
scale was verified through calculating the Pearson 
Correlation Coefficient to identify to what extent each 
dimension of the scale was related to the overall score of 
the scale, and Table 2 demonstrates the related results. 

Table 2 demonstrates that the values of the 
correlation coefficients of the dimensions of the 
academic motivation scale were statistically significant 
at the significance level of (0.01). Also, the reliability of 
the academic motivation scale was verified using the 
Cronbach’s Alpha Coefficient, to calculate the reliability 
of the scale dimensions and overall score, and the results 
are as demonstrated in Table 3. 

Table 1. Pearson correlation coefficients between each of the visual thinking skills test questions and the total score of the 
skill to which it belongs 

Visual Discrimination Visual perception Third dimension 
perception Spatial Visualization Visually analyze the 

shape 

Question Pearson 
correlation Question Pearson 

correlation Question Pearson 
correlation Question Pearson 

correlation Question Pearson 
correlation 

1 0.795 ** 6 0.775 ** 11 0.785 ** 16 0.807 ** 21 0.825 ** 
2 0.775 ** 7 0.797 ** 12 0.813 ** 17 0.917 ** 22 0.773 ** 
3 0.749 ** 8 0.672 ** 13 0.772 ** 18 0.784 ** 23 0.805 ** 
4 0.807 ** 9 0.741 ** 14 0.793 ** 19 0.845 ** 24 0,819 ** 
5 0.764 ** 10 0.812 ** 15 0.769 ** 20 0.794 ** 25 0.792 ** 

**Correlation is statistically significant at 0.01 

Table 2. Correlation coefficients between each dimension of 
the motivation achievement scale and the total score of the 
scale 

The dimension of the scale Correlation 
coefficients Sig. 

Ambition 0.838 0.01 
Perseverance 0.823 0.01 
Enjoying learning mathematics 0.851 0.01 
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According to Table 3, the overall stability coefficient 
of the scale was estimated at 0.918, which was 
considered as an acceptable value, and accordingly the 
scale was determined as appropriate for scientific 
research purposes. 

Teaching procedures using the augmented reality 
technology 

Teacher Guide:  
After reviewing the researches addressing the 

augmented reality technology, such as the research of 
(Al-Husseini, 2014; Al Shizawya, 2018), the teacher guide 
was prepared to support the teacher when teaching at 
the class (measurement: area and volume) using 
projected augmented reality technology due to its ease 
of use. The guide included the following elements: 
(guide objectives - an overview of the concept, 
characteristics, and advantages of the augmented reality 
technology - an overview of the augmented reality 
applications – the teaching timeline of the class topics 
(measurement: area and volume) – class objectives – 
lesson planning). The lessons were planned in 
accordance with the four steps identified in the teacher 
guide for teaching mathematics for the second grade of 
the middle school, these steps are as follows: 

• Focus: demonstrating the basic skills before the 
lesson, and memorizing previous experiences 
through the augmented reality activities. 

• Teaching: offering the teacher a proposal 
regarding how to teach the lesson, highlighting 
the mathematical content of the lesson, and 
offering some related illustrative examples. 

• Training: including various exercises through 
which the augmented reality technology could be 
used, and achieving the lesson objectives. 

• Evaluation: including questions to verify to what 
extent students comprehend the concepts 
introduced in the topic. 

When developing the teacher guide, clarification of 
the media type to be presented through the augmented 
reality technology when teaching the lesson, such as 
pictures and videos, was taken into consideration, and 
also a set of programmers used for developing and 
introducing the digital content in a proper way, such as 

PowToon, Paint 3D, iMovie, Adobe Audition, were 
used. 

Student Activity Book: the student activity book 
composed of two parts: 

The first part: a guide instructing the student on how 
to use the augmented reality applications (Hp Reveal- 
Zappar), through following the steps illustrated and 
specified for each application. 

The second part: composed of 7 worksheets, one for 
each lesson, including 20 various activities; and in each 
activity, the student was required to use an application 
(Hp Reveal or Zappar) to display the digital content of 
the required question, and also a blank space was 
specified for each activity to write the answer.  

After completing the development of (the teacher 
guide, the teacher guide for teaching, and the student 
activity book), they were presented to a group of 
arbitrators specialized in mathematics education, to 
solicit their views concerning the appropriateness of the 
teacher guide for the augmented reality technology, the 
linguistic and scientific correctness of the guide, the 
appropriateness of the activities and worksheets to the 
level of the students enrolled in the second grade of the 
middle school, and the appropriateness of the 
augmented reality technology media proposed for the 
educational content of the lesson. After reviewing the 
required amendments, the final version of the guide and 
the activity book was ready. 

RESULTS AND DISCUSSION 
The concluded research results explaining the 

research questions and the verification of the research 
hypotheses are explained below: 

Table 3. Cronbach’s alpha coefficients for the dimensions of 
the motivation achievement scale and the total score of the 
scale 

The dimension of the scale Items 
Number 

Cronbach’s alpha 
coefficients 

Ambition 8 0,831 
Perseverance 8 0,854 
Enjoy learning mathematics 8 0,876 
The total score of the scale 24 0.918 

 

 
Figure 4. Augmented reality process 



EURASIA J Math Sci and Tech Ed 

11 / 16 

Results Related to the Research First Question  

To answer the first question of the research, which 
provides for: what is the effectiveness of the augmented 
reality technology on improving visual thinking skills in 
mathematics among second-grade middle school 
students? The first hypothesis of the research, which 
provides for: “There is a statistically significant 
difference between the mean scores of the experimental 
group students and the mean scores of the control group 
students in the post-application of the visual thinking 
test in mathematics, in favor of the experimental group 
students”, was verified.  

To verify the validity of this hypothesis, the 
arithmetic mean and the standard deviation of the scores 
attained by both groups were calculated, and the T-test 
was implemented to appreciate the significance of the 
difference between the scores of both the experimental 
and control groups, and Table 4 illustrates the results 
attained by both the experimental and control groups in 
the T-test, during the post-application of the visual 
reasoning test. 

Table 4 demonstrates that there was a statistically 
significant difference at the significance level of (0.01) 
between the mean scores of the experimental group 
students and the mean scores of the control group 
students in the post-application of the visual thinking 
test, in favor of the experimental group students. 
Accordingly, the first hypothesis was deemed accepted. 
The results also indicated that the effect size was 
significant because the value of η2 was greater than 0.8, 
as d = 4.12 and η2 = 0.810, which means that the total 
variance of the dependent variable (visual thinking) was 
attributed to the effect of the independent variable (the 
augmented reality technology).  

The validity of the second hypothesis was tested, 
which stated that “There is no statistically significant 
difference between the mean scores of the experimental 
group in the post and follow up visual thinking test (two 
months after the completion of the application of the 
research experiment)”. The Paired Samples T Test was 
used to identify the significance of the difference 
between the mean scores of the experimental group 
students in the visual thinking test in the post and follow 
up measures (two months after the end of the 

experiment), and Table 5 shows the researchers’ 
findings. 

As shown in Table 5, there was no statistically 
significant difference in the experimental group’s mean 
scores on the post and follow-up visual thinking tests 
(two months after the research experiment ended), 
indicating that augmented reality technology continues 
to be beneficial in promoting visual thinking among the 
experimental group’s students. This is because the use of 
the augmented reality technology with the experimental 
group students contributed to enhancing their ability to 
identify, describe and illustrate shapes in an interactive 
way, side by side with the possibility of redisplaying for 
several times as required by the student and according 
to her ability to learn and the time available inside and 
outside the classroom, which enhanced the student 
ability to deal, analyze, visualize and describe shapes. 
This is consistent with the results of (Osamah et al., 
2019), which indicated that amendments could be made 
through the augmented reality technology to integrate 
the virtual world with the real world in a single 
template, thus increasing the coherence and consistency 
of information displaying and enhancing the student 
visual thinking ability. Accordingly, the student 
interaction with the real world could be increased 
through technical development, and the learner’s ability 
to wander through the real world could be enhanced, as 
the learner finds himself in his usual environment and 
has the willingness to explore and learn. 

Moreover, the augmented reality technology also 
enhanced ideas’ sequencing and association, 
representing situations, establishing connections, and 
exercising on discriminating, analyzing, and extracting 
ideas from mental images, media, and videos, which 
helped to develop visual thinking skills. Also, the 
augmented reality technology allowed the student to 
practice imagination and visualization, which are both 
among the important processes required for visual 
thinking. The result of this hypothesis is consistent with 
the results of some other researches confirming the 
effectiveness of the augmented reality technology on 
improving visual thinking, such as Osamah et al. (2019), 
Al-Ghamdi (2020), Al-Muqrin (2020), Al-Salahat (2019), 
Salama (2019), and Al Hilou (2017).  

Table 4. Independent sample t-test for posttest score 
Group N Mean St. Deviation Df T- value η2 d Effect size 
Control 38 14.16 2.91 74 17.76 0.810 4.12 High Experimental 38 23.42 1.37 

 

Table 5. Paired-samples t-test of the difference between the means of scores of the experimental group on the posttest and 
the follow-up test of visual thinking 

Follow-up test - posttest 
Paired Differences  t df Probability 

Mean Std. Deviation Std. Error Mean 2.086 37 0.044 0.211 0.622 0.101 
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Results Related to the Research Second Question  

To answer the second question of the research, which 
provides for: what is the effectiveness of augmented 
reality technology on improving the academic 
motivation among the second-grade middle school 
students? The third hypothesis of the research, which 
provides for: “ there is a statistically significant 
difference between the mean scores of the experimental 
group students and the mean scores of the control group 
students in the post-application of the academic 
motivation scale, in favor of the experimental group 
students”, was verified. 

To verify the validity of the hypothesis, the arithmetic 
mean and the standard deviation of the scores attained 
by both groups were calculated, and the T-test was 
implemented to appreciate the significance of the 
difference between the scores of both the experimental 
and control groups, and Table 5 illustrates the results 
attained by both the experimental and control groups in 
the T-test, in the post-application of the academic 
motivation scale. 

Table 6 demonstrates that there was a statistically 
significant difference at the significance level of 0.01 
between the mean score of the experimental group 
students and the mean score of the control group 
students in the post-application of the academic 
motivation scale, in favor of the experimental group 
students; accordingly, the second hypothesis deemed 
accepted. The results also indicated that the effect size 
was significant because the value of η2 was greater than 
0.8, as d = 4028 and η2 = 0.810, which meant that the total 
variance of the dependent variable (academic 
motivation) was attributed to the effect of the 
independent variable (the augmented reality 
technology). 

The validity of the fourth hypothesis was tested, 
which stated that “There is no statistically significant 
difference between the mean scores of the experimental 
group in the post and follow up academic achievement 
scale (two months after the completion of the application 
of the research experiment)”. The Paired Samples T Test 
was used to identify the significance of the difference 
between the mean scores of the experimental group 
students in in the post and follow up academic 

achievement scale (two months after the completion of 
the application of the research experiment, and Table 7 
shows the researchers’ findings. 

As shown in Table 7, there was no statistically 
significant difference in the experimental group’s mean 
scores on the post and follow-up academic achievement 
scale (two months after the research experiment ended), 
indicating that augmented reality technology continues 
to be beneficial in promoting academic achievement 
among the experimental group’s students. This could be 
attributed to the fact that the use of the augmented 
reality technology with the students of the experimental 
group took them of the conventional educational 
situation and engaged them in an interactive 
environment that promoted their motivation and 
enhanced them to acquire knowledge. Moreover, 
students’ expression of their ideas through pictures side 
by side with the atmosphere of freedom and familiarity 
prevailed at work contributed to the creation of a 
pleasurable environment providing greater motivation 
for learning. The result of this hypothesis is consistent 
with the findings of some other researches, which 
confirmed the impact of the augmented reality 
technology in improving motivation for learning, and 
the following are among these researches: Sudirman et 
al. (2020), Cheng-Chang (2020), Ibáñez et al. (2020), Chen 
(2019), Chen et al. (2019), Kirikkaya and Başgül (2019), 
and Estapa and Nadolny (2015). 

RECOMMENDATIONS AND 
SUGGESTIONS 

In light of the above discussions and the concluded 
results confirming the impact of the augmented reality 
technology when teaching mathematics in the 
development of visual thinking and achievement 
motivation among middle school students, some 
recommendations could be offered including holding 
training courses and workshops for mathematics 
teachers to train them on the use of the augmented 
reality technology in teaching mathematics; paying 
attention to the use of the augmented reality technology 
in teaching mathematics due to its effective role in 
attracting learners and promoting their achievement 
motivation; encouraging teachers to pay attention to the 
adaptation of the learning environment and providing 

Table 6. Independent sample t-test for posttest score 
Group  N Mean St. Deviation Df T- value η2 d Effect size 
Control 38 44.76 6.58 74 18.40 0.821 4.28 High Experimental  38 66.58 3.19 

 

Table 7. Paired-samples t-test of the difference between the means of scores of the experimental group on the posttest and 
the follow-up test of academic motivation 

Follow-up test - posttest 
Paired Differences  t Df Probability 

Mean Std. Deviation Std. Error Mean 2.91 37 0.006 0.500 1.059 0.172 
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the capabilities required for the use of the augmented 
reality technology in teaching mathematics in order to 
stimulate the development of visual thinking skills; and 
performing whatever required to improve visual 
thinking skills when teaching mathematics, through the 
use of various educational technologies enhancing it, 
such as the augmented reality technology. 

The current research also suggests that another 
similar research should be conducted with a greater 
focus on identifying the orientations and perceptions of 
mathematics teachers concerning the augmented reality 
technology and the training requirements needed for its 
adoption. Also, it is recommended to conclude further 
researches to examine student orientations and 
perceptions regarding the use of the augmented reality 
technology when teaching mathematics, and it is also 
recommended to conduct further researches to verify the 
reliability of the augmented reality technology and its 
effectiveness in improving other variables other than the 
visual thinking and motivation among students in 
various academic stages. 

CONCLUSION 
This research aimed at identifying the impact of the 

use of the augmented reality technology when teaching 
mathematics in the development of visual thinking and 
achievement motivation among middle school students 
in the Kingdom of Saudi Arabia, using the experimental 
approach and a quasi-experimental design. When 
analyzing results, it became clear that the students of the 
experimental group exceeded the students of the control 
group in both visual thinking and achievement 
motivation, as the augmented reality technology 
adapted the actual reality through adding digital 
features to improve the perception of the learner. Also, 
the augmented reality technology is equipped with four 
main components: a camera to capture the target 
information; markers, which are the target information; 
mobile phones used for maintaining and processing 
information when the captured image in the target 
information is in the form of (markers); and the digital 
content displayed on the screen when the phone camera 
can track the markers (Abd Majid et al., 2015). 

Moreover, the augmented reality technology offers 
great flexibility allowing the learner to experiment and 
explore within the learning environment. Also, the 
augmented reality technology allows for the 
development of real learning content (such as books, 
presentations, and learning tools), in various ways such 
as adding various graphic elements, 3D images, video 
screenshots, images, static graphics, and animations 
according to the individual requirements of learners 
(Coimbra et al., 2015). Due to these advantages, both 
visual thinking and motivation achievement were 
enhanced for the students of the experimental group, 
which could be attributed to the active learning 

environment full of various learning resources such as 
pictures and videos, which was provided by the 
augmented reality technology, this, in turn, enhanced 
the cognitive structure of student, developed their visual 
thinking and motivation for learning and achieved better 
learning of visual thinking skills. Additionally, the use 
of the augmented reality technology when presenting 
the skill side by side with its details achieved better 
learning than the conventional way and enhanced the 
development of the visual thinking skills. Both of the 
researchers suggest conducting other similar researches 
addressing other educational stages and verifying the 
impact of the augmented reality technology on student 
perceptions and orientations in various fields. 
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