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Abstract
The purpose of the study is to determine the effect of augmented reality applications on the learning 
of engineering students in their professional courses. The objective of the study is to ensure that 
augmented reality technologies, which are among the most important technologies of today, are 
used in educational settings. The other important objective of the study is to ensure that the aug-
mented reality technologies used in professional training in countries such as the USA, Canada and 
the Netherlands are also used in our country and to provide a world-class education opportunity. 
Also, contributing to the economy of our country with the successful studies to be carried out in 
this regard is among the objectives of the study because of the increasing interest in augmented 
reality software throughout the world and the formation of an important economy related to the 
development of these kinds of software. 
In the study, an augmented reality application developed by the researcher was used in the learning 
process of a subject included in the faculty of engineering education curriculum. The study was 
performed using a convergent parallel mixed-methods design in which both qualitative and quanti-
tative data were used simultaneously. The result of the study showed that there were no significant 
difference between the average attitude towards AR applications of the students participating in 
the study and the gender, class, and father education level; however, it is seen that there was a 
significant difference between maternal education status. It was also determined that the difference 
between the students’ average attitude towards AR applications before and after the study was 
significant.
Similarly, it was observed that the difference between the AR attitude averages before and after the 
study and the AG attitude average 4 weeks after the study was also observed to be significant. It was 
also found that the students who participated in the study found the AR applications remarkable, 
entertaining, understandable and useful for the instructor. Moreover, they stated that using AR 
applications in lessons would contribute to fast and active learning and increase success.
Keywords: Augmented reality, Logical circuit design, Mobile application, Computer 
engineering

Introduction
 With technological developments, the age we are in has started to be named 
the “Information and Communication Age”. It is undeniable that besides 
technological developments, the introduction of these technologies in all areas 
of life has had a great impact on this naming. With this era of technology priority, 
the studies and transformations integrated into technological developments 
have begun to take place in the fields such as health, transportation, security, 
banking, communication, and shopping. Also, with the introduction of 
technology into educational settings, the importance of the use of technology 
in education has increased and technology has become an indispensable part of 
education (Seferoğlu, 2009).
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 It is frequently stated that the use of technology 
in educational settings increases students’ interest 
in the course and that the introduction of audio 
and visual facilities in educational settings using 
technological facilities facilitates the educational 
process (Korkmaz, 2013; Kreijns, et al, 2013; Shen, 
Liu & Wang, 2013; Sumadio & Rambli, 2010).
 The need to attract the attention of a generation 
born into the technology that we call Z generation 
and whose communication with technology is very 
strong and increase their interest in educational 
settings also led to the necessity for educational 
settings to be developed in parallel with technological 
developments. Furthermore, the AR applications 
and the presence of other technological facilities in 
educational settings enable these individuals who 
follow and adapt to the technology in a short time 
to be trained as individuals who intertwine with 
the technology and use it much more efficiently 
(Güngördü, 2018).
 Some of the negative results caused by the use 
of technology in education were also reached in 
the review of the literature. Matcha and Rambli 
(2013) state that technology in education reduces 
communication and interaction between students. In 
the same study, it is emphasized that there should 
be technologies that support the physical activities of 
the students. This led to the need for new tools that 
could be used in educational settings. 
 Considering these needs, Augmented Reality 
applications, which were founded by Ivan Sutherland 
in 1966, have become important, in particular with 
the developments in mobile devices (Sin & Badioze-
Zaman, 2010; Tian, et al, 2014; Tomi & Rambli, 
2013; Zarzuela et al., 2013). Augmented reality 
is defined as supporting the real environment with 
virtual objects rather putting the person into a purely 
virtual environment (Bimber & Raskar, 2005).
 The AR applications are still considered to 
be an emerging technology. The necessity of 
having a certain level of technical knowledge for 
the development of AR applications and creating 
3D models is one of the most important problems 
needed to be overcome for many trainers. However, 
this does not prevent trainers from working with 
developers who are conducting studies in the field. 
 This study was completed by making changes 

and updates in line with the opinions of academicians 
who are experts in the field during the AR application 
development process and were published for use in 
mobile devices. 
 This process of development and change have 
paved the way for the introduction of technologies 
such as Augmented Reality (AR) and Virtual 
Reality (VR), which are relatively expensive and 
rarely available and can only be used with special 
appliances and equipment in the past years, into the 
educational settings. 
 VR technology is a technology created in a 
computer environment that gives a sense of reality 
and with which the user can interact. The user 
enters the setting virtually created with all his/her 
senses, and his/her communication with the real 
world is restricted (İçten & Bal, 2017). Augmented 
Reality (AR) is defined as a technology in which 
real settings can be supported by and interacted 
via virtual objects (Azuma, 1997). It is stated that 
AR applications facilitate learning and knowledge 
transfer, are effective in learning, and make abstract 
concepts easier to understand (Wu, Lee, Chang,& 
Liang, 2013). The fact that real objects and virtual 
objects created in AR applications can be seen in 
three dimensions and from all angles also facilitates 
learning. (Cheng & Tsai, 2013; Hsiao & Rashvand, 
2011; Kerawalla, et al, 2006).

Augmented Reality Applications in Education 
 With the developments in AR applications, these 
applications have started to be used and widespread 
in the fields of military, medicine, engineering, 
entertainment, sports, advertising, tourism (Azuma, 
1997; İbili & Şahin, 2013; Kaufmann, 2003; Van 
Krevelen & Poelman, 2010; Yen, et al, 2013). 
Of course, educational environments have been 
affected by all these developments and the number 
of AR applications developed for educational 
environments has also increased rapidly. The fact 
that AR applications have a flexible and developable 
structure that allows the preparation of educational 
materials that support learning by doing/experiencing 
makes these applications an important element for 
educational environments (Fleck, Simon & Christian 
Bastien, 2014; Fleck & Simon, 2013; Wojciechowski 
& Cellary, 2013).
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 AR applications are seen as advantageous in 
terms of providing innovation and interacting with 
content. In this regard, Bujak et al. (2013) stated that 
AR applications make it easier to understand and 
remember and are effective in increasing motivation. 
In addition to these beneficial features, training 
studies or experiments that cannot be performed 
in dangerous or educational environments can be 
performed with AR applications also reveals the 
necessity of these applications for educational 
environments (Eursch, 2007; Wojciechowski & 
Cellary, 2013).
 With developing web technologies, AR 
applications have become operable on internet 
browsers. LearnAR can be presented as an example of 
AR applications that can run on the Internet browser. 
On the LearnAR web page, there are applications 
prepared for mathematics, physics, chemistry, 
biology and foreign language lessons (LearnAR, 
2015). ZooBurst, (About ZooBurst, 2015), Fetch! 
Lunch Rush (FETCH! Lunch Rush, 2015), Aurasma 
(Aurasma, 2015) can also be cited as examples of 
AR applications running on web browsers.
 As in every field of education, AR technologies 
can be used in the education of disabled individuals. 
Bai, Blackwell, and Coulouris (2013) examined 
the effect of AR applications on the frequency 
and participation of autistic children to play do-
believe games, Zarzuela et al. (2013) developed AR 
supported zoo applications for disabled individuals. 
In the study conducted by Bai et al. (2013), it was 
observed that children using AR play games for a 
much longer time and participate more actively in 
practice. In Zarzuela et al. (2013) study, a virtual zoo 
was created for disabled students with the Unity 3D 
game engine. However, it was emphasized that this 
is not enough for developing AR applications and the 
necessity of add-ons such as Vuforia.
 It has been observed that AR applications are 
used extensively in the field of Science Education 
as they allow the development of applications that 
include abstract concepts (Karal & Abdüsselam, 
2015). Similarly, it is stated that the use of AR 
contributes to learning in combating epidemic 
diseases in Science Education (Rosenbaum, Klopfer, 
& Perry, 2006). Half of these, Eursch (2007) aimed 
to make the dangerous working environment safer 

by developing an AR application used by personnel 
in nuclear studies.

Aim of the Study
 In the related literature, although it is observed 
that AG applications have a wide range of 
applications in educational settings, the number of 
studies for undergraduate students is very limited. 
There is no study conducted about AR applications 
to contribute to the education process of the 
undergraduate students of the faculty of engineering. 
Therefore, it was decided to conduct a study to 
measure undergraduate students’ perspectives on 
AG applications and its impact on their learning. It 
was decided to develop an application covering the 
subject of Logical Circuit Design. For this purpose, 
a mobile augmented reality application has been 
prepared for the subject of logic circuit design, which 
is among the courses of the faculty of engineering and 
made available to the students. The contribution of 
the mobile augmented reality application developed 
at the end of the education process to the students’ 
learning of the relevant subject and their attitudes 
and other perspectives towards the AR applications 
are evaluated.
 Within the framework of this general objective, 
the answers to the following questions are sought:
1.  How are the attitudes of students towards 

augmented reality practices?
2.  Is there any significant difference between the 

attitudes of students towards augmented reality 
applications and the variables of gender, mobile 
phone ownership, daily internet usage time, 
parents’ education status?

3.  How are the opinions of the students on the use 
of augmented reality applications in the courses?

Development of Augmented Reality Application
 The development process of the AG application 
consists of two parts. The first part is creating 3D 
objects, QR cards, designing and preparing e-books 
to be used within the AG application. The second 
part is the development of an AG application into 
which the prepared objects will be integrated. The 
stages of planning, product development, working 
environment creation and prototyping are followed 
in both sections. 
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 The AR application developed to be used in this 
study has been developed with Unity 3D software. 
Unity 3D software, which is essentially described 
as a “game engine”, is free software that makes 
it possible to develop applications that can run 
on different platforms and meet different needs. 
The applications developed with Unity 3D can 
be compiled to run on different platforms such as 
Windows, IOS, Android, Playstation and Xbox 
without making any changes to the application. In 
particular, because the applications developed for 
educational purposes are not a hardware standard in 
educational settings, the fact that the applications, 
which can have the same performance on different 
platforms, can also be developed draws attention as 
an important feature. 
 QR codes were created and placed in the 
application to determine the area where the images 
prepared for use in the study will be created. 
However, for the same QR codes to be detected 
by the camera, the necessity of preparing a visual 
document has arisen. In case of preparation of such a 
document, considering that its contents should have 
an interesting nature, it was concluded that it would 
be more useful to create an e-book by including 
the basic information about the subject of “Logical 
Circuit Design”. For this purpose, an e-book has 
been prepared with Adobe InDesign software and 
shared with participants.
 The modeling 3D objects and animations used in 
the application were made with 3DS Max software. 
The application works via the cameras of mobile 
devices without the requirement of additional 
hardware. 

Participants’ Use of the Application
 Following the completion of the application 
development process, a meeting was held with the 
Computer Engineering Department of the Faculty 
of Engineering of Istanbul Rumeli University and 
information about the AR applications, the purpose 
of the study, and the use of the application was 
shared. After this pre-briefing, the application file 
with apk extension of the application developed was 
shared with the students to install the application 
on their smart devices. After making sure that the 
working set is ready, the e-book prepared for use 

with the application was shared with the students and 
the information about using it was provided to them. 

Research Model
 The research was conducted with a mixed 
methodical approach where quantitative and 
qualitative data were used together. The convergent 
parallel mixed method design was used in the 
research (Figure 1). In this approach, quantitative 
and qualitative data are collected together, and the 
findings are compared to determine whether the 
findings confirm each other (Creswell, 2013).

Figure 1: Convergent Parallel Mixed Method 
Design (Adapted from Creswell, 2013)

 In the study, the pattern was applied in four stages 
and the collected data was evaluated (Table 1).  
In the first stage, the students were required to fill out 
a short questionnaire with demographic information 
of the students and the Augmented Reality 
Applications Attitude Scale (ARAAS) developed by 
Küçük, Yılmaz, Baydaş and Göktaş (2014). It was 
attempted to obtain information about the attitudes 
of the students regarding the AR applications before 
the application. After carrying out the study, by 
allowing the students to fill the Augmented Reality 
Applications Attitude Scale again, it was aimed 
to observe whether there was a difference in their 
attitudes towards the AR applications. At the end 
of the study, the participants were given questions 
through a semi-structured interview form. Their 
opinions on the use of the AR applications in 
educational settings were taken. Four weeks after 
the study, the participants were asked to fill in the 
Augmented Reality Applications Attitude Scale 
again to measure the persistence effect of the attitude 
on the participants. 

Table 1: Experimental Design Applied in the 
Research

Pretest Processing
Final 
Test

Retention 
Test

R ARAAS AR Application ARAAS ARAAS
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Study Group
 The sample determined for the study consists of 
33 students studying in the Computer Engineering 
Program of the Engineering Faculty of Istanbul 
Rumeli University in the spring semester of the 2019-
2020 academic year. Demographic information for 
the participants is given in Table 2. 

Table 2: Demographic Information of 
Participants Variable

Variable Group N %

Gender
Male 27 81.8
Female 6 18.2

Class
Class 1 15 45.5
Class 2 10 30.3
Class 3 8 24.2

Daily Internet 
usage

1-4 hours 16 48.5
5-6 hours 6 18.2
7 hours and over 11 33.3

Most preferred 
device type for 
Internet use

Mobile devices 18 54.5

Computer 15 45.5

Internet usage 
purpose

Reading - Research 6 18.2
Social networks - Chat 19 57.6
Game - Movie 8 24.2

Father's 
Education 
Level

Primary school 2 27.3
Middle School 9 18.2
High school 18 33.3
University and Master 4 9.1

Mother's 
Education 
Level

Primary school 14 42.4
Middle School 8 24.2
High school 8 24.2
University and Master 3 9.1

Data Collection Tools
 In the quantitative data collection process of the 
study, a participation questionnaire with demographic 
information of the students, the Augmented Reality 
Applications Attitude Scale to find out their attitudes 
to the AR applications, and a semi-structured 
interview form to obtain their opinions on the use 
of the AR applications in educational settings were 
used. To observe the changes in students’ attitudes 
towards the AR applications, the Augmented Reality 
Applications Attitude Scale was filled by the students 
3 times; before, after, and 4 weeks after the research. 

 Augmented Reality Applications Attitude Scale: 
The Augmented Reality Attitude Scale used in the 
study is developed by Küçük et al. (2014) and consists 
of 3 factors and 15 items. Of 15 items in the scale, 2 
items (12 and 13) measure the Use Willingness sub-
factor, 6 items (2, 3, 6, 8, 10, and 14) the Use anxiety 
sub-factor, and 7 items (1, 4, 5, 7, 9, 11 and 15) the 
Use Satisfaction sub-factor. The scale has a 5-Likert 
structure consisting of “I disagree”, “I disagree”, “I 
am ambivalent”, “I agree”, and “I agree” options. 
The scale internal consistency (Cronbach Alpha) 
analysis was carried out by the researchers and it was 
concluded that the scale is reliable. For the overall 
scale, it is calculated as α=0.835; for Use Willingness 
Factor, it is calculated as α =.862; for the Use anxiety 
Factor, it is calculated as α =.828; and for the Use 
Satisfaction Factor, it is calculated as α =.644.
 The “Augmented Reality Attitude Scale” 
developed by Küçük et al., (2014) is intended to 
be used in determining secondary school students’ 
attitudes towards the AR applications. To make 
use of the scale in this study, which the attitudes of 
the students of the Faculty of Engineering towards 
augmented reality applications are measured, the 
confirmatory factor analysis (CFA) was conducted 
with 266 participants attending the undergraduate 
education at Istanbul Rumeli University.
 Considering the indices (χ2=155.400, df=85 χ2/
df=1.828, RMSEA=.056, SRMR=.038, GFI=.927, 
AGFI=.897, NFI=.934, CFI=.969, TLI=.961, 
IFI=.969, p<.001) for the confirmatory factor analysis 
(CFA) at 0.05 significance level, it can be said that 
the 3-factor structure of the scale is maintained 
for the students studying at the University as well 
(Byrne, 2001; Hu & Bentler, 1999; Schreiber, et al, 
2006). The regression weights of the Use Willingness 
dimension, the first factor of the scale, vary between 
.73 and .78. In contrast, the regression weights of the 
Use Anxiety sub-dimension, the second factor of the 
scale, vary between .66 and .79, and the regression 
weights of the use satisfaction sub-dimension, the 
third factor, vary between 0.78 and 0.82. However, 
the internal consistency coefficient (Cronbach 
Alpha) is .86 for the first factor of the scale, .88 
for the second factor, and .87 for the third factor. 
Furthermore, the internal consistency coefficient 
(Cronbach Alpha) for the overall scale was .87.
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Data Analysis
 For quantitative data collected at the end of 
the study, normality tests, descriptive statistics, 
t-test, one-way ANOVA, and one-way repeated 
measurements, ANOVA tests were used. Content 
analyses were used to analyze the qualitative data 
collected from the participants. 
 After analyzing the content, an inter-coding 
reliability study was conducted with the support 
from an academician who was an expert in the field. 
It was revealed that the study was reliable based 
on the results obtained. In the study, the reliability 
coefficient between coders was calculated with 
the formula; coefficient= consensus / (consensus + 
dissensus). The study’s reliability was calculated to 
be 87% and it was concluded that this result would 
be considered reliable (Miles & Huberman, 1994).

Findings
Analysis of Quantitative Data
Pre-Research Augmented Reality Attitude 
Change Analysis
 Descriptive statistical values for determining 
students’ attitudes towards augmented reality 
applications are given in Table 3. Prior to the 
descriptive analysis, the inverse questions in the use 
anxiety sub-factor are arranged. 
 As a result of the analysis, the average of students’ 
attitude scores for augmented reality applications 

(X̄/m=3.70) is above the mean. When the sub-
dimensions of the scale are examined, it is observed 
that the highest average score (X̄/m=3.92) belongs 
to the Use Willingness sub-factor. In contrast, the 
lowest average score (X̄/m=3.61) belongs to the user 
satisfaction sub-factor. 

Table 3: Descriptive Values of Augmented
Reality Applications Attitude Scale

Variable N m X̄ X̄/m Sd
The use willingness 33 2 7.84 3.92 0.53
The use anxiety 33 6 22.38 3.73 0.39
The use satisfaction 33 7 25.27 3.61 0.52
Augmented Reality 
Applications 
Attitude

33 15 55.05 3.70 0.39

m: Refers to the number of items.

 The values indicating the difference between 
students’ augmented reality attitudes and gender 
variables are presented in Table 4. The results of the 
analysis show that there is no significant difference 
between the students’ attitude scores on augmented 
reality applications and the gender variable (t(31)=-
0.21, p>.05). Similarly, when the sub-dimensions of 
the scale are examined, again, it can be seen that there 
is no significant difference between the sub-factor 
attitude scores and the gender variable (t(31)=0.04, 
p>.05; t(31)=0.07, p>.05; t(31)=-0.38, p>.05).

Table 4: T-Test Results by Augmented Reality Applications Attitude Scale and Gender Variable
Variable Group N X̄ Sd df t p

The use willingness
Male 27 7.85 1.13

31 .038 .97
Female 6 7.83 .75

The use anxiety
Male 27 22.41 2.53

31 .069 .95
Female 6 22.33 1.37

The use satisfaction
Male 27 25.19 3.86

31 -.384 .70
Female 6 25.83 2.99

Augmented Reality Applications Attitude
Male 27 55.44 6.25

31 -.207 .84
Female 6 56.00 4.10

 The values indicating the relation between 
students’ augmented reality attitudes and class 
variables are presented in Table 5. The results 
of the analysis show that the difference between 
the students’ attitude scores on augmented reality 

applications and the class variable is not significant 
(F(2-30)=2.09, p>.05). Similarly, when the sub-
dimensions of the scale are examined, it can be seen 
that the difference is not significant.
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Table 5: ANOVA Results of Augmented Reality Applications Attitude Scale by Class Variable
Variable Source of Variance Sum of Squares df Mean Square F p

The use willingness 
Between groups 1.47 2 .73 2.90 .07
Within groups 7.59 30 .25
Total 9.06 32

The use anxiety
Between groups .21 2 .11 .68 .52
Within groups 4.68 30 .16
Total 4.89 32

The use satisfaction
Between groups 1.03 2 .52 1.97 .16
Within groups 7.85 30 .26
Total 8.88 32

Augmented Reality 
Applications Attitude

Between groups .60 2 .30 2.09 .14
Within groups 4.30 30 .14
Total 4.90 32 .73

 The values indicating the difference between 
students’ augmented reality attitudes and daily 
internet usage duration variables are presented in 
Table 6. When the values are examined, it can be seen 
that the difference between the augmented reality 
attitude and the daily internet usage duration variable 
is not significant (F(2-30)=1.30, p>.05). However, when 
the sub-factors of scale are examined, it is observed 
that the difference between the Use Satisfaction 

sub-factor and the daily internet usage duration 
variable is significant (F(2-30)=3.64, p<.05). When the 
results of the LSD test, conducted to determine the 
significance of the difference between the groups, 
it was concluded that the difference between the 
participants, who states that their daily Internet usage 
duration is 5-6 hours (X̄=3.92), and the participants, 
who state that their daily Internet usage time is 7 
hours and above (X̄=3.31), is significant.

Table 6: ANOVA Results of Augmented Reality Applications Attitude Scale by 
Daily Internet usage Variable 

Variable Source of Variance Sum of Squares df Mean Square F p Sig. Diff.

The use willingness
Between groups .04 2 .02 .070 .93
Within groups 9.02 30 .30
Total 9.06 32

The use anxiety
Between groups .10 2 .05 .310 .74
Within groups 4.79 30 .16
Total 4.89 32

The use satisfaction
Between groups 1.73 2 .87 3.64 .04 2-3
Within groups 7.14 30 .24
Total 8.88 32

Augmented Reality 
Applications 
Attitude

Between groups .39 2 .20 1.30 .29
Within groups 4.51 30 .15

Total 4.90 32

 The values indicating the possible significant 
difference between the students’ attitudes to 
augmented reality and their parents’ educational 
status are included in Table 7 and Table 8. In this 
context, the educational status of the parents of the 

students was evaluated separately. 
 Analysis results (Table 7) indicate that there was 
no significant difference between students’ attitude 
scores on augmented reality applications and the 
education status of their fathers (F(3-29)=0.44, p>.05). 



Shanlax

International Journal of Education shanlax
# S I N C E 1 9 9 0

http://www.shanlaxjournals.com40

Table 7: Anova Results of Augmented Reality Applications Attitude Scale According to 
Father’s Education Status

Variable Source of Variance Sum of Squares df Mean Square F p

The use willingness
Between groups .27 3 .09 .29 .83
Within groups 8.79 29 .30
Total 9.06 32

The use anxiety
Between groups .31 3 .10 .66 .58
Within groups 4.57 29 .16
Total 4.89 32

The use satisfaction
Between groups .50 3 .17 .58 .64
Within groups 8.38 29 .29
Total 8.88 32

Augmented Reality
Applications Attitude

Between groups .21 3 .07 .44 .73
Within groups 4.69 29 .16
Total 4.90 32

 It is seen in Table 8 that there was no significant 
difference between students’ attitude scores on 
augmented reality applications and the education 
status of their mothers (F(3-29)=2.22, p>.05). 
However, when the sub-factors of the attitude 
scale are examined, it is observed that there is a 
significant difference between the Use anxiety sub-
factor scores and the educational status of the mother 
(F(3-29)=3.15, p<.05). The results of the LSD test 

conducted to determine between which groups there 
is a significant difference, it is possible to conclude 
that there is a significant difference between the 
participants who states that the educational status 
of their mothers is an elementary school (X̄=3.67), 
middle school (X̄=3.68), and high school (X̄=3.64), 
and the participants who state that their education is 
undergraduate and graduate (X̄=4.33).

Table 8: ANOVA Results of Augmented Reality Applications Attitude Scale by 
Mother’s Education Status Variable

Variable Source of Variance Sum of Squares df Mean Square F p Sig. Diff.

The use willingness
Between groups 1.00 3 .33 1.20 .33
Within groups 8.06 29 .28
Total 9.06 32

The use anxiety
Between groups 1.20 3 .40 3.15 .04 1-4
Within groups 3.69 29 .13 2-4
Total 4.89 32 3-4

The use satisfaction
Between groups 1.13 3 .38 1.41 .26
Within groups 7.75 29 .27
Total 8.88 32

Augmented Reality
Applications Attitude

Between groups .91 3 .31 2.22 .11
Within groups 3.99 29 .14
Total 4.90 32

Pre-Research and Post-Research Augmented 
Reality Attitude Change Analysis
 The values indicating the difference between the 
pre-research attitude scores of the students in the 

study towards the augmented reality applications 
and their post-research attitude scores towards the 
augmented reality applications are shown in Table 9. 
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 As a result of the analysis, it can be seen that there 
is a significant difference between the students’ pre-
research and post-research attitude scores towards 
augmented reality (t(33)=-4.44, p<.05). It is observed 
that the post-research attitude scores of the students 
towards the augmented reality were higher than their 
pre-research attitude scores; in other words, that 
the attitudes of the students towards the augmented 

reality changed positively. Similarly, when the sub-
factors related to the augmented reality attitudes of 
the students are examined, it can be seen that there is 
a significant difference between the Use Satisfaction, 
The use anxiety and Use Willingness attitude scores 
(t(33)=-2.48, p<.05; t(33)=-4.37, p<.05; t(33)=-4.13, 
p<.05).

Table 9: Related Groups t-Test Results on Students’ Attitudes of 
Augmented Reality Applications Variable

Variable Group X̄ Sd df t p

The use willingness
Before 7.85 1.06

33 -2.48 .02
After 8.70 1.65

The use anxiety
Before 22.39 2.34

33 -4.37 .00
After 25.42 3.22

The use satisfaction
Before 25.30 3.69

33 -4.13 .00
After 29.61 4.72

Augmented Reality Applications Attitude
Before 55.55 5.87

33 -4.44 .00
After 63.73 8.83

Pre-Research, Post-Research, and Persistence 
Augmented Reality Attitude Change Analysis
 To determine the students’ attitudes towards 
augmented reality applications and the level of the 
permanence of the study, the augmented reality 
applications attitude scale was applied three times; 
before, after, and four weeks after the research 
(Table 10). 
 As a result of the analysis of the pre-research 
augmented reality attitude scale, it is observed that 
the average of students’ attitude scores (X̄/m=3.70) 
are above the mean. When the sub-dimensions 
of the scale are examined, it is observed that the 
highest average score (X̄/m=3.92) belongs to the 
Use Willingness sub-factor. In contrast, the lowest 
average score (X̄/m=3.61) belongs to the Use 
Satisfaction sub-factor. 
 As a result of the post-research augmented reality 
attitude scale analysis, an increase in students’ 
attitude scores (X̄/m=4.24) is observed compared to 

their pre-research attitude scores. Similarly, when the 
sub-dimensions of the scale are examined, it can be 
seen that there is an increase in the Use Willingness 
(X̄/m=4.34) and the Use Satisfaction (X̄/m=4.22) 
sub-factors. When the Use anxiety sub-factor is 
examined, it is observed that there is decrease in 
post-research anxiety scores of students (X̄/m=4.23).
 Four weeks after the study, the augmented 
reality attitude scale was re-applied to determine the 
persistence status of the research on the participants. 
As a result of the analysis, it is observed that the 
students’ augmented reality attitude score averages 
are higher than the pre-application attitude score 
average but lower than the post-application attitude 
score average. Similarly, in the measurement related 
to the persistence test, when the sub-factors of the 
scale are examined, it can also be seen that they are 
higher than the pre-research attitude scores but lower 
than the post-research attitude scores. 

Table 10: Pre-study, post-study and 4 weeks after the study Augmented Reality 
Applications Attitude Scale Descriptive Statistics

Variable N m X̄ X̄/m Sd

Before the study

The use willingness 33 2 7.84 3.92 0.53
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The use anxiety 33 6 22.38 3.73 0.39
The use satisfaction 33 7 25.27 3.61 0.52
Augmented Reality Applications Attitude 33 15 55.05 3.70 0.39
After the study
The use willingness 33 2 8.68 4.34 0.82
The use anxiety 33 6 25.42 4.23 0.53
The use satisfaction 33 7 29.54 4.22 0.67
Augmented Reality Applications Attitude 33 15 63.60 4.24 0.58
4 weeks after the study
The use willingness 33 2 8.68 4.19 0.33
The use anxiety 33 6 23.34 3.59 0.54
The use satisfaction 33 7 29.68 3.99 0.38
Augmented Reality Applications Attitude 33 15 61.65 3.86 0.38

Figure 2: Descriptive Statistics of Augmented Reality Applications Attitude Scale 
Pre-Study, Post Study and 4 Weeks After Study

 The values indicating the difference between the 
students’ attitude scores towards augmented reality 
before, after and 4 weeks after the application are 
shown in Table 11. According to the findings, there 
is a significant difference between attitude scores 
before, after, and four weeks after the application 
(F(2,64)=24.80, p<0.05, η2=.437). According to 
Büyüköztürk (2010), η2 values indicate a small effect 
size between .01 and .06, medium effect size between 
.06 - .14, and large effect size above .14. Considering 
the value η2, the resulting value for measurement-
time interaction describes 44% of the variance.

 The Bonferroni test was used to determine the 
significant difference between the augmented reality 
attitude scores is in between which measurements. 
The findings obtained has revealed a significant 
difference between the pre-research attitude score 
average and post-research attitude score average 
at the level of p=0.001, between the pre-research 
attitude score average and the attitude score average 
four weeks later at the level of p=0.004, and between 
the post-research attitude score and the attitude score 
after four weeks at the level of p=0.001.

Table 11: One-Way Repeated Measures of Augmented Reality Applications  
Attitude Scale According to Time ANOVA Results

Source of Variance Sum of Squares df Mean Square F p η2 Sig. Diff.
Between Subjects 2887.84 32 90.25 1-2, 

Between Measures 1167.90 2 863.19 24.80 .001 0.44 1-3, 
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Error 1506.77 64 34.80 2-3
Total 5562.51 96

 The chart related to the pre-application, post-
application and persistence Augmented Reality 
Applications Attitude Scale score averages is given 
in Figure 3. As it is clear from the chart that it is 
observed that the students’ post-research augmented 
reality attitude scores are higher than their pre-
research and the attitude scores 4 weeks after the 
research. There is a significant difference between 
them. 

Figure 3: One-Way Repeated Measures 
ANOVA Results Graph of Augmented Reality 

Applications Attitude Scale Averages According 
to Time

Analysis of Quantitative Data
 33 computer engineering students who 
participated in the research were given a semi-
structured interview form at the end of the research. 
Data were collected by asking questions about the 
AR applications and the research performed. 
 The questions asked to the participants via the 
interview form are as follows:
1.  Did you have any prior knowledge of the AR 

applications?
2.  What do you think about the developed AR 

application?
3.  How do you think the use of AR applications in 

courses will benefit you?
4.  How can supporting your courses with the AR 

applications help your instructors?
5.  Do the AR applications contribute to the time 

spent learning a subject?

6.  What courses do you think the AR applications 
will be most useful?

7.  Did you experience any difficulty while using 
the developed AR application?

 The data of the answers given by the students to 
the questions in the form are presented below. 

Did we have any prior knowledge of the AR 
applications?
 The answers given by the students to the question 
asked to determine whether the students have any 
prior knowledge about the AR technologies and 
applications are collected under 3 different themes 
and these themes are presented in Table 12. 13 
participants in the study stated that they had previous 
knowledge about the AR applications, 18 participants 
stated that they had no previous knowledge, and 2 
participants stated that they had partial knowledge. 

 STUDENT3 expressed this opinion with the 
words “It is used in the gaming world and social 
media applications”, STUDENT5, on the other 
hand, expressed it as “I have carried out a research 
and played Pokemon Go”. STUDENT22, who 
answered the question by saying, “No, I do not 
know”, expressed his/her opinion “I have not heard 
about it, I obtained information thanks to this study”. 
STUDENT12 expressed his/her opinion by saying 
that “I thought it was something like virtual reality.”

Table 12: Did we know about AR applications 
before?

Opinion f
Yes, I had the information 13
No, I did not know 18
I have some information 2

What do you think about the developed AR 
application?
 The answers given by the students to the question 
asked to determine the views of the students about 
the AR application are summarized under 3 different 
themes, and these themes are presented in Table 
13. While the participants did not express any 
negative opinion about the application developed, 
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20 participants stated that they found the application 
remarkable; 13 participants stated that they found 
it visually successful and understandable, and 9 
participants found it enjoyable. 
 While STUDENT19, who stated that he found 
the developed AG application remarkable, expressed 
his opinion as “It enabled me to increase my interest 
in the course, I find it useful”, STUDENT16, who 
stated that he/she found it visually successful 
and understandable, expressed his opinion as “It 
makes the subject easier to understand, I think that 
visualization of knowledge makes learning more 
permanent”. STUDENT24, who stated that the 
developed AG application is amusing, expressed his 
opinion by saying that “It provides an extraordinary 
experience, enjoyable and easy learning”.

Table 13: What do you think about the  
developed AR application? 

Opinion f
A remarkable application 20
Visuals are a successful and 
understandable application

13

Fun app 9

How do you think the use of the AR applications 
in courses will benefit you?
 The answers given by the students to the question 
asked to determine the opinions of the students 
about the AR application are summarized under 5 
different themes and presented in Table 14. 13 of 
the participants stated that the developed application 
would make the course content more visual. In 
contrast, 8 participants stated that it would enable 
better understanding, and 5 participants stated that 
the application would increase the attention to the 
course. 3 participants stated that the AR applications 
would make the student more active. In comparison, 
4 participants stated that the AR applications would 
enable better learning than the absence of the AR 
applications. 
 STUDENT32, who states that the AR application 
makes the learning process more active, expresses 
his opinion by stating that “I felt that I was more 
actively involved in the learning process by moving 
the experiments that we could not perform in the 
classroom to the virtual environment.” STUDENT13, 

who states that the AR will make learning faster, 
expressed his opinion with the sentence that “It 
will provide better learning that will increase the 
memorability of the course”. STUDENT 8, who 
states that the attention to the course increased, 
expressed his opinion with the words that “It 
attracted my attention and interest.So, I listened to 
the course with more attention and interest than I 
ever listened to it.” STUDENT29, who states that 
the AR applications would provide visual effects, 
expressed that “I can more easily imagine many 
things that are abstract via the AR”. STUDENT26, 
another participant, expressed his/her opinion by 
saying that “This application enables students to 
shape the subject more quickly in their minds” and 
emphasized that he/she would express its impact on 
the learning process. 

Table 14: How do you think it would be  
beneficial to use AR applications in lessons?

Opinion f
Makes the student active 3
Provides better understanding 8
Provides attention 5
Makes the content more visual 13
Provides fast learning 4

How can supporting your courses with the AR 
applications help your instructors?
 The answers given by the students to the question 
asked to determine the opinions of the students about 
how the use of AG applications can be beneficial for 
the instructors in the courses are summarized under 
4 different themes and presented in Table 15. To 
answer this question, 16 of the students expressed 
their opinion that it would make easier to attract the 
attention of the student, 13 of them by saying that 
it would increase the student’s participation in the 
course, 9 of them by saying that the interest in the 
course would increase, while 5 of them by saying 
that my respect for the course instructor increases. 
 STUDENT23, who explains how the AG 
applications can be useful for instructors in the 
courses, expresses his opinion by saying that “With 
the increasing attention of the student, the instructor, 
I think, will save time and effort”. In contrast, 
STUDENT22 expresses his opinion by saying that 
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“It can facilitate the narration and they can quickly 
explain the concepts that may be difficult to express 
using simple 3-D visuals”. STUDENT28, who states 
that his/her respect for the instructor increases, 
expressed his opinion by saying that “The fact that 
the instructor comes to the class with the applications 
that will help us learn more easily ensures that my 
respect for his/her field expertise increases”.

Table 15: Is there any benefit for instructors to 
support the courses with AR applications?

Opinion f
Makes it easier to gather attention 16
Increases participation in class 13
Interest in the lesson increases 9
My respect for the instructor increases 5

Do the AR applications contribute to the time 
spent learning a subject?
 The answers given by the students to the question 
asked to determine the effect of the AR application 
on learning the subject are summarized in 2 different 
themes and presented in Table 16. 
 A significant majority of participants, 30 
participants, states that the AR applications would 
shorten the learning time, while 3 participants stated 
that these applications would cause loss of time. 
 While STUDENT33, who expresses his/her 
opinion that it will accelerate learning, expresses 
his/her opinion by saying that “It will be useful in 
terms of time, it can be considered a fast learning”, 
STUDENT26, who states that it will cause loss of 
time, expresses his/her opinion that “Dealing with 
3D objects like games will distract me and cause that 
the time I spend on learning the course will increase”.

Table 16: Do AR applications contribute to the 
time spent learning a subject?

Opinion f
Shortening the learning time 30
Don't waste time 3

What courses do you think the AR applications 
will be most useful?
 The answers given by the students to the question 
asked to the participants to determine the type of 
course that the AR applications will benefit the 

most if used in educational settings are summarized 
in 3 different themes and presented in Table 17. 
22 participants stated that the AR applications will 
benefit in all courses. Twelve participants stated that 
it would be useful to use it in practical courses and 7 
participants in social courses. 
 STUDENT18, who stated that the AR 
applications would be useful for all courses, 
expressed his opinion by saying that “the AR can 
be used for every course and provides effective 
learning”. While STUDENT25, who stated that it 
would be more useful in social lessons, expressed 
his/her opinion by saying that “the AR may be more 
useful with visuals used in geography and history 
lessons”, STUDENT15, who stated that the AR 
would be more useful in practical lessons, expressed 
his/her opinion by saying that “I think it would be 
more useful in the courses where we study on graphs 
or in the courses dealing with the subjects that we 
can see around us physically”.

Table 17: In which lessons do you think AR 
applications will be most useful?

Opinion f
In social lessons 7
In practical lessons 12
In all classes 22

Did you experience any difficulty while using the 
developed AR application?
 The answers given by the students to the question 
asked to the participants to determine whether there 
is a difficulty during the use of the developed AR 
application are summarized in 2 different themes 
and specified in Table 18. 26 of the students stated 
that they had no difficulty in using the application. In 
contrast, 7 participants stated that they had difficulty. 
 STUDENT11, who stated that he had difficulty 
in using the developed AG application, expressed 
his/her opinion by saying that “I had difficulty in 
the beginning because it was an application that 
I was not used to, but I got used to it in a short 
time”. STUDENT26, who stated that he/she did not 
experience any difficulties, expressed his opinion by 
saying that “No, I had no difficulties, I am good with 
technology”.
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Table 18: Did you have any difficulties while 
using the developed AR application?

Opinion f
Yes, I had 7

No, I didn't have 26

Discussion and Conclusion
 In this study, an attitude scale was applied in 
order to determine the pre-application attitudes of 
students regarding the AR applications. When the 
scale results were examined, it was observed that 
students’ attitude scores were above the mean. When 
the sub-factors of the scale were examined, it is also 
observed that the scores of the Use Anxiety, the Use 
Willingness, and the Use Satisfaction factors are 
above the mean. From that point, it can be concluded 
that the students are very keen to use the AR 
applications. This finding is similar to the findings 
seen in the literature (Delello, 2014; Eroğulu, 2018; 
Karal & Abdüsselam, 2015; Yusoff & Dahlan, 
2013;). The fact that the scores of attitudes towards 
the AR applications are above the mean can be 
explained in the studies conducted by Cai (2013), 
Yusoff and Dahlan (2013) that the AR applications 
have a remarkable effect on the students.
 In the study, it is observed that there was no 
significant difference between the average attitude 
score of the students towards the AR applications 
and the gender variable, the AR attitude scores of 
the male students, however, are higher than those of 
the female students. The average attitude score of the 
male students, again, is higher than the average of the 
female students in the Use Willingness and the Use 
Anxiety sub-factors. On the other hand, the average 
attitude score of female students was higher than that 
of male students in the Use Satisfaction sub-factor. 
These findings are similar to those of the literature 
(Ersoy, et al, 2016; Kara, 2018; Özabacı & Olgun, 
2011; Yılmaz, 2014).
 It is observed in the study that there is no 
significant difference between the average score of 
attitudes towards the AR applications and the class 
variable. However, when the scale sub-factors are 
examined, it is observed that there is a significant 
difference between the Use Willingness sub-factor 
and the class variable. In support of this finding, all 
participants, regardless of their class, found that the 

AR applications are educational and motivating in 
learning in the interviews with the participants. 
 In the study, it was observed that there was no 
significant difference between the average scores of 
the attitudes towards the AR applications and the 
education status of the father. However, there appears 
to be a significant difference between the average 
score of the attitudes towards the AR applications and 
the educational status of the mother. It is observed 
that the average score of the attitudes in the Use 
Anxiety sub-factor is higher for the students whose 
mother’s educational status is undergraduate and 
graduate than for those whose mother’s educational 
status is elementary, middle, and high school. These 
findings are similar to the results of some of the 
studies in the literature that have been carried out. 
Supporting the finding, Gür (2017) states that parents 
have an impact on children’s use of technology, 
while Erten (2019) points out that the increase in 
education levels of the parents has a positive effect 
on children’s use of technology. Likewise, the study 
conducted by Toraman and Usta (2018) supports this 
finding of the research. 
 The AR attitude scale was re-applied in order 
to compare the pre-research average score of the 
attitudes of the students towards the AR applications 
with their post-research average score. When the 
findings were examined, it is observed that there is a 
significant difference between the two measurement 
averages. When the data is examined, it is observed 
that the attitude scores, which are above the mean 
before the study, increased after the application and 
a positive increase in students’ attitudes towards 
the AR applications is formed. Likewise, when 
the scale sub-factors were examined, the increase 
in the averages related to the Use Willingness, the 
Use Satisfaction, and the Use Anxiety sub-factors is 
also observed. In literature review also showed that 
the AR studies have a positive impact on students’ 
attitudes towards the AR applications (İzgi Onbaşılı, 
2018; Özarslan, 2013; Sırakaya, 2015; Şahin, 2017; 
Taşkıran, et al, 2015). On the other hand, the positive 
change in the students’ attitudes has also appeared in 
the interviews made with the students. The students 
who participated in the application stated that they 
found the AR applications remarkable, amusing and 
understandable because of its visual materials. These 
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findings are similar to the studies in the literature. 
In another study conducted by Gün (2014), it is 
stated that the AR applications are described as 
enjoyable and remarkable by the participants. The 
students stated that the use of the AR applications 
in educational settings would be beneficial for the 
instructor. It is also observed in the literature review 
that an enriched and visualized learning environment 
allows that learning can be carried out more quickly 
and this can be interpreted as a positive effect for the 
instructors (Babur, 2016; Salonen & Sääski, 2008). 
Students state that using AR applications in courses 
will bring benefits such as visualization, ensuring fast 
and active learning, being remarkable, and increase 
the success. Likewise, in the literature review, it is 
observed that the AR applications facilitate learning 
with the effects of increasing motivation, increasing 
attention, creating an active learning process, 
embodying, and increase academic achievement 
(Ateş, 2018; et al, 2018; Erbaş, 2016; Eroğlu, 2018; 
Ersoy, Duman, & Öncü, 2016; Güngördü, 2018; 
Özbek, 2018; Şahin, 2017; Tosik Gün & Atasoy, 
2017). Also, most of the students’ state that the 
AR applications should be used in all courses and 
that the courses should be supported by the AG 
applications. As a matter of fact, this opinion of the 
participants is revealed in the re-implementation of 
the Augmented Reality Applications Attitude Scale 
4 weeks after the application. The results obtained 
indicate that post-research attitude scores and the 
attitude scores 4 weeks after the research are higher 
than pre-research attitude scores, and that there is a 
significant difference between them. In other words, 
this finding indicates that the training carried out 
using the AR application causes that the attitudes of 
the students towards the AR applications change in a 
positive way on a permanent basis. 
 A large majority of the students involved in the 
study come to a common understanding that the 
AR applications are an applicable technology in all 
courses and course subjects. On the other hand, it 
is also observed that students are very keen on the 
integration of the AR applications into educational 
environments, as the AR applications make lessons 
more enjoyable and interesting. In addition, pre- 
and post-application measurements indicate that 
the AR applications can have a positive effect on 

the students’ attitudes about the AR. Likewise, the 
AR applications are a very useful technology for 
distance education processes, which are more and 
more preferred by many universities, and therefore, 
the place of the AR technologies in education 
processes will be very important in the future. 
Therefore, there is a need to develop various AR 
applications to be used in different courses and for 
teaching different subjects. The need for technical 
information for the AR applications development 
processes is the biggest challenge in increasing the 
number of the AR applications in different fields and 
course subjects. In this context, creating the settings 
where the developers and trainers can work together 
will be useful in overcoming this challenge. 1st, 2nd 
and 3rd year undergraduates were included in this 
study. However, it would be useful to carry out a 
study with a sample group from all undergraduate 
classes. In the research, when both sub-factors of 
the post-research attitude test and the persistence 
test performed four weeks after the research are 
examined, an increase in the Use Anxiety sub-
factor is observed as it is case across the scale. A 
new study is needed to better understand the cause 
of the increase in the Use Anxiety sub-factor. This 
study aimed at the subject “Logical Circuit Design”. 
However, it is also observed in literature that a large 
number of AR applications are needed, especially in 
the field of engineering.
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