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 In this study, it was aimed to determine the effect of activities based on 

augmented reality applications in 9th grade biology lesson on students' 

achievement and motivation towards biology lesson and to get students' opinions 

about the applications. In the study, mixed method was used. The study group of 

the research consisted of students of two different classes at the 9th grade level 

of a private high school located in the city center of Karaman in the 2018-2019 

academic year. When the research findings were examined, it was seen that the 

academic achievement post-test mean scores of the experimental group students 

were found to be significantly higher than the mean scores of the control group 

students. According to another finding of the study, there was no significant 

difference between the experimental group and the control group students in 

terms of the total mean scores obtained from the motivation questionnaire for 

biology lesson. However, a significant difference was found in favor of the 

experimental group in terms of "anxiety in exams" dimension. As a result of the 

research, the students stated that they liked the biology lessons in which 

augmented reality applications were carried out, that augmented reality 

applications made abstract concepts concrete and made them more permanent, 

and that the lessons conducted in this way were fun. 
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Introduction 

 

Today, there is a need to train individuals who can acquire increasingly complex knowledge and skills and keep 

up with the rapid change of this information. In addition to the rapid increase in knowledge, since 21st century 

skills are technology-oriented, the question of how information technologies can be used to support and enrich 

education, has led studies in the field of education and educational technology in recent years (Kozma & 

Anderson, 2002; Wang & Hannafin, 2005; Watson, 2001). In addition to these, it is thought that current 

curricula are insufficient to respond to the differing expectations of today's youth, which is called the digital 

generation or generation z. 21st century students, called digital natives, differ from previous generations due to 

their distinctive features such as their desire to access information very quickly, games instead of serious 

studies, visual and graphic elements instead of long texts, having a parallel cognitive structure, and being able to 

do more than one job simultaneously (Bilgiç et al.,, 2011). These innate features of digital natives have also led 

to innovations in the world of education and a new learning culture has emerged. In this sense, while teaching 

processes are being structured, new technological approaches have started to be preferred. For these reasons, it 

has become imperative to know the characteristics of the new generation and to configure the education-

teaching process with teaching methods suitable for their characteristics, reshape curricula and environments to 

allow the use of innovative technologies (Somyürek, 2014; İzgi Onbaşılı, 2018). 

 

Considering the developmental periods, the emergence of computers first, then the internet, and then the 

development and spread of mobile devices, and the growing technological transformation had important 

reflections on education and training environments (Hayes et al., 2004). Printed materials, which make learning 

more tangible and permanent, but have controversial dimensions in terms of cost, portability, usability and 

accessibility, have begun to move to digital media in recent years (Smaldino et al., 2019). Now, it has become 

inevitable to use digital tools and materials as materials in addition to teaching lessons with more than one 

teaching method (Seferoğlu, 2006). Integrating education with new technologies has allowed teachers to 

transform learning materials consisting of fixed text and graphics into more interactive multimedia materials 

(Huang et al., 2016). With the widespread use of the internet in the digital environment, hypermedia (video, 

sound, animation, picture, etc.) and web 2.0 tools have begun to be used more in learning and teaching 

environments (Andersen, 2007; Greenhow et al., 2009). Today, in addition to these technological tools, new 
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applications are developed through mobile and wearable technologies and used in learning environments. One 

of these innovative digital technologies used is Augmented Reality technology. 

 

 

Augmented Reality 

 

Augmented Reality (AR) technology, which was developed in the 1960s, inspired by the work of Ivan 

Sutherland and his students at Harvard and Utah universities on computer graphics, came into existence fully in 

the 1970s. While it was officially first used by the United States Air Force and NASA, this technology became 

widespread after the 1990s and reached wider masses (Feiner, 2002). According to Azuma (1997), AR is a 

virtuality-based technology that enables us to interact with the real world in real time. According to Cabero and 

Barroso (2016), AR is a technology that allows the user to see the real world by combining real elements with 

virtual attachments. In other words, AR is a virtual reality application in which users interact with virtual objects 

while interacting with the real world without affecting the real world (Zhu et al., 2004). It is the creation of an 

interactive environment between the virtual world and the real world that can accommodate the characteristics 

of both environments. AR technology is used to create this interactive environment (Bronack, 2011; Klopfer & 

Squire, 2008). In other words, AR enriches the existing reality with virtual objects it adds to the real 

environment and makes it more dynamic (Cheng & Tsai, 2013; Kerawalla et al., 2006). AR provides a seamless 

interface and natural interaction for users by combining the real and virtual worlds (Cai et al., 2014; Kaufmann, 

2003; Matcha & Rambli, 2013). Azuma (1997) lists the characteristic features of AR technology as follows in 

his study to determine the limits of AR technology: 

 

• Combines the real with the virtual, 

• It is real-time interactive, 

• It is 4 dimensional. 

 

AR technology is the placement of four different elements in the real world in three dimensions: the camera, the 

computer infrastructure, a marker and the real world. AR is a technology based on the appearance of a four-

dimensional object designed on the target picture, output or materials determined by a developer and creating 

the effect of the object being on the target picture, output or material (Augment, 2020). In addition to being used 

in various fields such as AR technology, science, industry, trade, health, space and aviation, it has recently had 

an important and widespread use in the field of education. 

 

 

Use of Augmented Reality in Education 
 

The development in technology has transformed AR from a technology that only works with special equipment, 

to a technology that can be easily used on personal computers or mobile devices. Today, it is seen that AR is 

used in many different sectors such as tourism, military, health, advertising and education (Buluş Kırıkkaya & 

Şentürk, 2018; Gümüş & Boydaş, 2021; İçten & Bal, 2017; İzgi Onbaşılı, 2018; Yen et al., 2013). Especially the 

widespread use of mobile devices has paved the way for the use of AR in educational environments (Wu et al., 

2013). In the reports of institutions and organizations that direct educational technologies in the international 

context, it is predicted that AR is among the potential technologies at the K-12 and university level, and that it 

can make a remarkable contribution to learning with its immersive and developable structure in the future 

(Johnson,  et al., 2014; Johnson. et al., 2016). 

 

AR technology is used in teaching inaccessible or invisible objects in educational environments, in the 

application of dangerous experiments, and in embodying abstract concepts. In addition, it is known that it has 

advantages for cognitive and affective development such as increasing permanence in learning, making lessons 

more enjoyable, and increasing students' interest (Lee, 2012; Wu et al., 2013). At the middle and high school 

level, science is one of the fields that students have difficulty in (Timur & Özdemir, 2018). The reason for this is 

suggested that science subjects are rich in abstract concepts. In order to understand abstract scientific concepts, 

students need to construct mental models (Ibáñez et al., 2014). AR makes it possible to teach situations that 

cannot be observed in the classroom environment by combining real and virtual (Kerawalla et al., 2006; Shelton 

& Hedley, 2002). Thus, science subjects that cannot be observed in real life can be taught by doing and 

experiencing. In addition, AR enables abstract concepts to be learned more easily by concretizing them 

(Abdüsselam, 2014; Kamarainen et al., 2013; Núñez et al., 2008; Shelton & Hedley, 2002; Shelton & Stevens, 

2004; Wu et al., 2013). The use of AR applications has become even more important, especially in the teaching 

of applied sciences, where the use of technological tools and equipment such as mathematics and science are 
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more needed; As the idea that AR can be used in educational environments has become widespread, many 

applications that can be used in science education have been designed recently. 

 

The field of science is of great importance in the development of countries. However there are still problems 

related to the learning-teaching process in Turkey, such as the lack of integration of learning materials and 

technology in science education, and the predominance of teacher-centered methods in teaching. It is thought 

that the fact that students' science achievement is not at the desired level in the national and international context 

may be related to these problems (Fidan & Tuncel, 2018; Ültay & Ültay, 2020). The fact that AR provides the 

opportunity to have real world assets and objects in digital environments in the same environment (Azuma et al., 

2001) adds some exciting features to the learning of students learning in traditional learning environments. In 

addition, thanks to AR, some features that cannot be seen in the real world can be modeled three-dimensionally 

and numerically, and this information can be presented together with real world assets, allowing some abstract 

concepts to be concretized (Timur & Özdemir, 2018), it increases academic success by transforming the 

learning process from abstract to concrete, especially in teaching science subjects (Abdüsselam & Karal, 2012). 

 

Research in recent years indicates that AR makes many contributions to educational environments. It is among 

the results obtained in studies that the use of AR increases academic achievement, supports learning by doing 

and experiencing and learning by questioning, increases class participation and motivation, makes lessons more 

enjoyable, facilitates concept teaching and reduces misconceptions (Abdüsselam, 2014; Bressler & Bodzin, 

2013; Cai et al., 2014; Chiang et al., 2014; Chen & Wang, 2015; Enyedy et al., 2012; Furió et al., 2015; Hsiao et 

al., 2012; Hwang et al., 2016; Ibáñez et al., 2014; Kerawalla et al., 2006; Lin et al., 2013; Matcha & Rambli, 

2013; Perez-Lopez & Contero, 2013; Rosenbaum et al., 2006; Sırakaya, 2015; Singhal et al., 2012; Shelton & 

Hedley, 2002; Solak & Cakir, 2015; Squire & Jan, 2007; Tian et al., 2014; Vilkoniene, 2009; Wang et al., 2014; 

Zhang et al., 2014). 

 

Like cognitive factors, affective factors also play an important role in students' achievement (Tuan et al., 2005). 

Motivation, which is among these affective factors, is defined as the initiation of the necessary process to meet a 

need (Waterman, 2005). It is known that motivation is a factor that plays an important role in the learning 

process and that highly motivated students participate more in the lesson (Dede & Yaman, 2008; Wolters & 

Rosenthal, 2000). In this context, AR may contribute to the positive development of students' attitudes and 

motivations towards learning with its features. Today, the use of technology to increase the desire to learn has 

become a very popular research topic (Di Serio et al., 2013). The fact that this research investigates the effect of 

AR applications on motivation as well as the effect of academic achievement and at the same time including 

student opinions makes the research important in terms of contributing to the field. Greene (2007) defined the 

mixed method as "more than one way of seeing". In this study, it was considered important to determine the 

academic success and motivation levels of the students, as well as their experiences and opinions about the 

practice, which were determined quantitatively. In addition, when we look at AR studies in education, it can be 

said that most of them are at secondary school level and there are relatively few studies at high school level. 

However, high school students love to learn by exploring and having fun, they prefer fast access to information, 

thus using technology while researching and learning, they prefer graphics over texts. It is mentioned that the 

increasing use of augmented reality technologies in educational environments is due to some unique 

characteristics of young individuals. Kapil and Roy (2014) defined the digital generation as individuals who 

want a technology-oriented life, are productive social media users, live in a communication environment 

equipped with advanced technologies, and can actively use technology to overcome the problems they 

encounter. In order for individuals with these characteristics to participate actively in their learning processes 

and to increase their interest and gain effective permanent learning experiences, multimedia materials should be 

created for them and used in teaching environments (Wang et al., 2013). 

 

Based on the idea that technology-based approaches can be useful in different school levels and in different 

courses, in this study, it was aimed to determine the effects of activities based on AR applications on the ninth 

grade biology lesson "cell" unit "cellular structures and their functions" subject on the academic achievement of 

students and their motivation for the biology lesson, and to get students' opinions on the applications carried out. 

The subject of the 9th grade cell unit "cellular structures and their functions" includes sub-headings such as parts 

of prokaryotic cells, the structure of eukaryotic cells and the parts that make up this structure, the functions that 

organelles take in the cell, different cell examples, and intracellular organization. These subjects and concepts 

are quite abstract and it is important to teach them concretely through various visuals, three-dimensional 

models, videos and simulations. In addition in the Biology curriculum of the Ministry of National Education, 

while comparing different cell samples visual elements (photos, pictures, drawings, cartoons, etc.), graphic 

organizers (concept maps, mind maps, diagrams, etc.), e-learning objects and applications (animation, video, 

simulation, infographic, augmented and virtual reality applications, etc.) is recommended. Considering all these, 
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it is thought that AR applications will be an effective way to teach the subject of "cellular structures and 

functions" of the cell unit.  

 

The hypotheses of the experimental research carried out in this direction are presented below: 

 

1. The posttest point averages of the experimental group in which the activities based on AR applications were 

applied were significantly higher than the posttest point averages of the control group in which the activities 

based on the current program were applied. 

2. The motivation score averages of the experimental group in which the activities based on AR applications 

were applied were significantly higher than the motivation point averages of the control group in which the 

activities based on the current program were applied. 

 

The sub-problem regarding the qualitative dimension of the research is given below: 

 

• What are the opinions of the experimental group students about the AR activities applied within the scope of 

the research? 

 

 

Method 
 

Research Design 

 

The design of the research is the explanatory sequential mixed design. The purpose of this design is to use 

qualitative data to explain quantitative findings in more detail. The first stage in this process includes the 

collection of quantitative data and the analysis of the data. Afterwards, it is aimed to help explain the answers 

given in the quantitative dimension with the interviews made at the qualitative stage (Creswell, 2014). The 

explanatory design is probably the most understandable of the mixed method designs (Creswell & Plano Clark, 

2011). One of the reasons for choosing this design is that the researcher and the main problem of the research 

are quantitative oriented. In addition, its two-stage structure makes this design easy to apply (Creswell & Plano 

Clark, 2011). The researcher preferred this design in order to carry out the two methods in separate stages, to 

collect only one type of data at a time, and to support the quantitative data using qualitative data and to explain 

it in more depth and detail. The static-group pretest-posttest design was applied in the quantitative dimension of 

the study. In this design, the experimental group and the control group are selected without random assignment. 

Pretest and posttest are applied to both groups. Experimental process is done only to the experimental group 

(Cresswell, 2014). While experimental studies are carried out with students in schools, it is often possible to 

work with ready-made groups. It is generally not possible to make changes in groups and to perform random 

assignment. In this research, it was necessary to work with previously formed groups, since the experimental 

study was started in the middle of the academic term. However the experimental and control groups were 

randomly assigned from these groups. The case study was applied in the qualitative dimension of the study. The 

case study delves into and analyzes the factors that explain the current situation or influence change and 

development (Best & Kahn, 2014). With the case study design, the researcher aimed to facilitate the explanation 

and understanding of the possible change in the scores obtained from the academic achievement test and 

motivation questionnaire before and after the experimental application. In the context of the case study, the 

interview method was used to collect the qualitative data of the research. The purpose of the interview is to learn 

what is in the mind of the individual and to reach his point of view (Patton, 1990). Interviews are used to obtain 

information about the knowledge and experiences of the individual (Best & Kahn, 2014). Interviews allow to 

obtain information about what cannot be seen directly and to make alternative explanations about what is seen 

(Glesne, 2016). In this study, this method was used to obtain the experiences, opinions and suggestions of the 

participants regarding the experimental process. Within the scope of the research, it was aimed to reach a rich 

and a variety of data that can confirm each other by employing more than one data collection method. 

 

 

Study Group 

 

The students of two different classes, who were studying at the ninth grade level of a private high school in 

Karaman, were the study groups of the research. One of these groups was determined randomly as the 

experimental group and the other as the control group. The experimental group consisted of 17 students and the 

control group consisted of 21 students. The average age of both groups is 15. Students in both the experimental 

and control groups do not have any knowledge or experience of AR applications. While determining the study 

group of the experimental research, previously formed ready groups were used. Considering the qualitative 
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dimension of the research, this method can be expressed as easily accessible case sampling. Easily accessible 

case sampling is often used when the researcher is not able to use other sampling methods. This sampling 

method brings speed and practicality to the research (Yıldırım & Şimşek, 2018). It was envisaged that the 

students in the experimental group of the research would be the participants of the qualitative dimension of the 

research. It was envisaged that the students in the experimental group of the research would be the participants 

of the qualitative dimension of the research. However, the researcher ended the data collection process at the 

point where the concepts and processes that emerged while the interview data were collected and analyzed 

began to repeat each other. At this stage, interviews were conducted with 11 participants. These participants 

participated in the interviews voluntarily. 

 

In order to determine whether the experimental and control group students were equivalent in terms of academic 

achievement levels in the biology course cell unit, the independent samples t test was applied to determine 

whether there was a significant difference between the academic achievement pretest score averages. The t test 

results of the students' pretest mean scores according to the group are shown in Table 1. 

 

Table 1. The t test results of the students' academic achievement pretest mean scores according to the group 

Group n x̄ Sd df t p 

Experiment 17 10.24 2.71 
36 0.757 0.415 

Control 21 11.00 3.38 

p≤.05. 

 

When Table 1 is examined, it is seen that there is no significant difference between the academic achievement 

pretest mean scores of the experimental and control group students (t(36)=0.757, p≤0.05). Based on this finding, it 

can be said that the experimental and control group students are equivalent in terms of academic achievement 

pretest mean scores in the biology course cell unit. In order to determine whether the experimental and control 

group students were equal in terms of their motivation levels for the biology lesson, the independent samples t 

test was applied to determine whether there was a significant difference between the motivation questionnaire 

pretest score averages. The t test results of the students' motivation pretest mean scores according to the group 

are shown in Table 2. 

 

Table 2. The t test results of the students' motivation pretest mean scores according to the group 

Factor Group n x̄ Sd df t p 

Intrinsic motivation Experiment 17 20.18 2.94 36 
0.585 0.413 

Control 21 19.05 4.96  

Extrinsic 

motivation 

Experiment 17 21.12 3.02 36 
0.457 0.470 

Control 21 20.33 3.50  

Interest in learning Experiment 17 19.29 3.67 36 
1.748 0.091 

Control 21 16.76 5.03  

Responsibility for 

learning 

Experiment 17 20.12 3.24 36 
1.628 0.482 

Control 21 19.19 4.51  

Confidence in 

learning 

Experiment 17 19.47 4.93 36 
1.134 0.264 

Control 21 17.62 5.06  

Anxiety in exams Experiment 17 16.18 4.71 36 
1.084 0.286 

Control 21 17.71 4.04  

Total Experiment 17 116.35 12.10 36 
0.919 0.364 

Control 21 110.67 23,03  

  p≤..05. 

 

When Table 2 is examined, it is seen that there is no significant difference between the motivation pretest mean 

scores of the experimental and control group students in terms of total motivation level and in terms of each 

sub-dimension (t(36)=0.919, p≤0.05). Based on this finding, it can be said that the experimental and control group 

students are equivalent in terms of their motivation pretest mean scores. 

 

 

Data Collection Tools 

 

The experimental design of the research is the static group pretest-posttest design, and an achievement test 

consisting of 43 questions was developed by the researcher to be applied to the experimental and control groups 

as pretest and posttest. While creating the items for the test, cooperation was made with biology experts and 

language experts, the relevant literature was scanned to ensure content validity, and opinions were received from 
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three experts working in the relevant field. As a result of expert evaluations, corrections were made on the test 

and the agreement value between the evaluations of the experts was calculated (Miles & Huberman, 1994); It 

was determined as 0.81. The test was applied to students studying in two different high schools in the city of 

Karaman in order to calculate its reliability. The reliability of the test as a result of the application was 

calculated by the Kuder-Richardson (KR-20) method as r=0.95. Item difficulties (pj) were determined based on 

the data obtained from the pre-application and the average difficulty of the test was calculated as 0.44. 

Accordingly, it is possible to say that the developed test is a medium difficulty test. In the study, item 

discrimination values were calculated. As a result of the obtained values, item 9 (pj=0.36, qj=0.64, rjx= 0.26) 

and item 17 (pj=0.53, qj= 0.47, rjx=0.29) were not included in the final test due to their low efficacy. After these 

changes, 41 questions remained in the test. After the changes, the reliability of the test was recalculated with the 

KR-20 method and the reliability coefficient was found to be r=0.95. The high values of this coefficient, close to 

1.00, indicate that reliability in terms of internal consistency is provided (Demirel, 2008). This value is quite 

good for an achievement test. 

 

In order to determine the effect of AR applications on the motivation of students towards biology lesson, 

"Motivation Questionnaire for Biology Lesson" (BDME), which was developed by Glynn and Koballa (2006) 

and adapted into Turkish by Ekici (2009), was used. The original questionnaire developed by Glynn and 

Koballa (2006) consists of six dimensions. These are intrinsic motivation, extrinsic motivation, interest in 

learning biology, responsibility in learning biology, confidence in learning biology, and anxiety in biology 

exams. It is stated that the Cronbach Alpha reliability coefficient for the overall scale was determined as .93. 

The questionnaire translated into Turkish was applied to 646 high school students, and its validity and reliability 

were determined. According to the results of the analysis, the number of items, which was 30 in the original 

questionnaire, was also preserved in the Turkish questionnaire. According to the results of the factor analysis, it 

was determined that the Turkish questionnaire had six dimensions, just like the original questionnaire. There are 

5 items in each dimension of the Turkish questionnaire. While the Cronbach Alpha reliability coefficient was 

found to be .87 for the overall questionnaire, it was determined that it ranged from .80 to .89 in its dimensions. 

These values are similar to previous studies (Glynn & Koballa, 2006; Glynn et al., 2007; Glynn et al., 2009). 

Questionnaire items were arranged in a 5-point Likert type. Positive items are never: 1 point, rarely: 2 points, 

sometimes: 3 points, usually: 4 points, and always: 5 points, while negative items are evaluated in the opposite 

way. In addition, statistically significant and positive correlations were determined between the six factors in the 

questionnaire. It states that these relationships between the dimensions of the scale are moderate and positive, 

and that the scale consists of factors independent of each other (Büyüköztürk, 2006). As a result; it has been 

determined that the Turkish form of the biology lesson motivation questionnaire is suitable for Turkish, valid 

and reliable in terms of language. 

 

At the end of the experimental process, standardized open-ended interviews were conducted with the volunteer 

participants. For this purpose, an interview form consisting of open-ended questions was prepared by the 

researchers. The interview form was evaluated by the experts in the field of curriculum development and 

measurement-evaluation in terms of the suitability of the questions, and by the language experts in terms of 

clarity. As a result the form was found appropriate to apply to the participants. As examples of the questions in 

the interview form; “Do you think AR applications contributed to your learning, remembering and your 

achievement in the course? (If so, how did it contribute?), Do you think AR applications contributed to your 

interest and motivation towards the lesson? (If so, how did it contribute?), Have AR applications changed your 

study method? (If so, how did it change?), Do you think AR applications contributed to the classroom 

environment, teacher-student and student-student relations? (If so, how did it contribute?), What do you think 

about the software you use for AR applications?, What changes would you like to make if you were to make the 

application again?, Do you think that education should be supported with AR applications in the future? (If so, 

why it should be supported?)” can be given. 

 

 

Implementation Process and Data Collection 

 

In the study, the experimental application was made in the cell unit of the ninth grade biology course. At the 

beginning of the application, the achievement test prepared by the researcher and the biology lesson motivation 

questionnaire were given to the experimental and control group students as a pre-test. The experimental process 

was started with the subject of cell and organelles subject of the cell unit. The biology course, in which the 

experimental application is made, is a 3-hour course per week and is mostly taught in the classroom 

environment. The experimental group students were informed by the researcher about the definition of AR and 

mobile and computer-assisted AR applications before the application. AR mobile application was installed on 

the phones of the experimental group students and personal accounts were created for each of them. The 
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students acquired visuals on the subject cells and organelles, and shot short videos describing the functions and 

properties of cells and organelles. In order to combine images and videos, they opened the relevant application 

on computers in the computer laboratory and logged into the program with their user accounts. Then they 

combined the pictures and videos they uploaded to the application. Finally, they introduced the pictures using 

the application on their mobile devices and played the videos they had uploaded in this way. While these 

procedures were carried out for a total of 18 lesson hours for 6 weeks, 3 lessons per week, in the experimental 

group; in the control group, the lessons continued in line with the current program, and the subjects were 

explained by the teacher. 

 

As soon as the experimental application was completed, the achievement test and the biology lesson motivation 

questionnaire were applied to the experimental group and the control group as a post-test. On the other hand 

interviews were held with 11 students in the experimental group; at the beginning of the interviews, the purpose, 

importance, scope of the research and where the data obtained from the research will be used were explained to 

the participants; in order to facilitate the breakdown and analysis of the interview data and to prevent data loss, 

it was explained to the participants that the interview could be recorded with audio, and their verbal consent was 

obtained in this regard. 

 

 

Analysis of Data 

 

The quantitative data of the study were analyzed through IBM SPSS Statistics 24 program. For the statistical 

techniques to be applied in the study, the Shapiro-Wilk test was applied in order to determine whether the 

distribution of the measurements of the dependent variables is normal or not, taking into account the group size 

smaller than 50, and the test results are given in Table 3. 

 

Table 3. Tests of normality 

 Shapiro-Wilk 

 Group Statistic  df    p 

Academic achievement  

pre-test 

Experiment .905 17 .083 

Control .898 21 .032 

Academic achievement  

post-test 

Experiment .883 17 .036 

Control .917 21 .077 

Intrinsic motivation  

pre-test 

Experiment .952 17 .496 

Control .886 21 .019 

Intrinsic motivation  

post-test 

Experiment .887 17 .041 

Control .950 21 .345 

Extrinsic motivation  

pre-test  

Experiment .929 17 .210 

Control .939 21 .209 

Extrinsic motivation  

post-test 

Experiment .930 17 .219 

Control .915 21 .070 

Interest in learning biology  

pre-test 

Experiment .958 17 .587 

Control .975 21 .842 

Interest in learning biology  

post-test 

Experiment .939 17 .312 

Control .936 21 .183 

Responsibility in learning 

biology pre-test 

Experiment .928 17 .199 

Control .921 21 .090 

Responsibility in learning 

biology post-test 

Experiment .906 17 .085 

Control .845 21 .004 

Confidence in learning 

biology pre-test 

Experiment .896 17 .058 

Control .951 21 .348 

Confidence in learning 

biology post-test 

Experiment .929 17 .211 

Control .899 21 .033 

Anxiety in biology exams 

pre-test 

Experiment .930 17 .219 

Control .927 21 .118 

Anxiety in biology exams 

post-test 

Experiment .899 17 .065 

Control .931 21 .147 

Total motivation pre-test Experiment .937 17 .286 

Control .943 21 .247 

Total motivation post-test Experiment .938 17 .298 

Control .938 21 .195 
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In the analysis, the statistical (null) hypothesis was established as "the distribution of scores does not differ 

significantly from the normal distribution", so the calculated p value was higher than α = .05, it was interpreted 

as that the scores at this significance level did not show excessive deviation from the normal distribution and are 

appropriate (Büyüköztürk, 2007). Looking at Table 3; it can be said that most of the pretest and posttest 

measurements show a normal distribution. Based on this data, independent samples t test from parametric 

statistical techniques was used to determine whether there was a significant difference between the scores of the 

experimental group students and the control group students from the academic achievement test and the 

motivation questionnaire. Six different points less than α = .05 were neglected considering the group size greater 

than 15. 

 

The qualitative data obtained by the interview method were analyzed with the descriptive analysis technique. 

Descriptive analysis is the lowest level and simplest form of analysis in which data is shown, described, 

illustrated and explained as it is (Sönmez & Alacapınar, 2011). Descriptive analysis is mostly used in research 

where the conceptual structure of the research is clearly determined beforehand (Yıldırım & Şimşek, 2006). 

Since the conceptual framework and themes were determined at the beginning of the research process, the 

descriptive analysis method was preferred. The questions in the interview form were also effective in 

determining the themes. In this study, the interview data were recorded audibly and these data were listened to 

by the researcher on the day of the interview and recorded in the word processing program. Relevant themes 

were determined for descriptive analysis, the data obtained were processed according to the thematic framework 

and presented with direct quotations. The following validity and reliability studies were conducted in the 

quantitative and qualitative dimensions of the research: 

 

1. In the study, in which quantitative and qualitative data collection methods were used together, the researchers 

became a natural part of the research process by spending time in the field and conducting direct interviews with 

the participants, both in the experimental process and the interview process. Therefore, in this study, researchers 

play a participant role. The closeness of the researcher to the participants increases the validity (Creswell, 2017). 

2. The processes followed in preparing the achievement test and interview form used in the research are 

explained under the heading of data collection tools. 

3. The research process was enriched with qualitative and quantitative data collection techniques. Different data 

collection techniques were used together to increase the credibility of the research. 

4. The qualitative findings of the research were clearly presented, and participant confirmation was obtained for 

the data collected at the end of the one-by-one interviews with the students. The findings obtained from the 

interviews were presented through direct quotations to increase the transferability, and the opinions of the 

researchers were reflected in the interpretation stage after the data were collected and analyzed. 

5. The analysis results of the collected data were examined by other researchers and experts. 

6. The research process was explained in detail. 

 

 

Findings 
 

Findings Regarding the First Hypothesis of the Study 

 

Table 3 shows the independent samples t-test results, which were conducted to determine whether the posttest 

mean scores of the experimental group students in which the AR applications were applied and the control 

group students in which the current program was applied showed a significant difference. 

 

Table 3. The t test results of the students' academic achievement posttest mean scores according to the group 

Group  n    x̄   Sd df t p 

Experiment 17 28.06 2.11 36 17.922 0.000* 

Control 21 14.86 2.37    

*p≤..05. 

 

When Table 3 is examined, it is seen that the posttest mean scores of the experimental group students are 

significantly higher than the posttest mean scores of the control group students (t(36)=17,922; p≤0.05). Based on 

this finding, it can be said that AR applications are effective in achieving academic achievement in the ninth 

grade biology cell unit compared to the current application. 

 

 

Findings Regarding the Second Hypothesis of the Study 
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Table 4 shows the independent samples t test results of the mean scores obtained from the biology lesson 

motivation questionnaire of the experimental group students in which AR applications were applied and the 

control group students in which the current application was applied. When Table 4 is examined, there is no 

significant difference between the mean scores of the experimental group students and the control group 

students in the motivation questionnaire for the biology lesson in terms of "intrinsic motivation, extrinsic 

motivation, interest in learning, responsibility in learning, trust in learning” dimensions and total score. 

However, a significant difference was found in favor of the experimental group in terms of "anxiety in exams" 

(t(36)=2.593; p≤0.05). Based on this finding, it can be said that AR applications performed in the ninth grade 

biology lesson cell unit increase students' anxiety about exams compared to the current curriculum. 

 

Table 4. The t test results of the students' motivation posttest mean scores according to the group 

Factor Group n x̄ Sd df t p 

Intrinsic 

motivation 

Experiment 17 20.77 3.21 36 1.272 0.211 

Control 21 19.24 4.01    

Extrinsic 

motivation 

Experiment 17 22.29 1.57 36 1.344 0.187 

Control 21 21.14 3.23    

Interest in 

learning 

Experiment 17 19.00 4.05 36 0.733 0.468 

Control 21 17.86 5.29    

Responsibility 

for learning 

Experiment 17 20.65 2.47 36 0.648 0.521 

Control 21 19.86 4.50    

Confidence in 

learning 

Experiment 17 19.65 2.62 36 0.730 0.470 

Control 21 18.67 5.00    

Anxiety in 

exams 

Experiment 17 20.06 2.93 36 2.593 0.014* 

Control 21 16.86 4.35    

Total Experiment 17 122.41 11.45 36 1.688 0.100 

Control 21 113.62 18.82    

* p≤..05. 

 

 

Findings regarding the Sub-problem related to the Qualitative Dimension of the Research  

 

While the research findings related to the interviews with the participants were given, the common opinions of 

the participants were collected and presented together and supported by direct quotations. 

 

Table 5. Qualitative findings of the research 

Themes Codes 

Positive aspects (S1, S2, S4, S7) It includes visuality, reflects reality, is practical, enjoyable 

and entertaining 

Negative aspects (S4, S6, S7) Taking time 

Not taking notes 

Contribution to learning (S1, S2, S3, S4, S6, 

S7, S8, S9, S10, S11) 

Ensuring learning by doing and experiencing, being 

permanent, increasing level of learning and course 

achievement, improving academic self-confidence 

Effect on study methods Changing study method, working with visual elements, 

seeing the subject more detailed, visuals draw attention, no 

change 

Contribution to the interest and motivation for 

the course (S1, S2, S3, S4, S8) 

Destroying the prejudices about the course, increasing 

interest and motivation, providing excitement and happiness, 

getting bored, decreasing motivation  

Its effect on the classroom environment, 

teacher-student and student-student relations 

(S2, S3, S6, S7, S8, S11) 

Helping, sharing, exchanging ideas, teamwork, a friendly 

environment 

Opinions on the software used (S1, S3, S10, 

S11) 

                                                   (S2, S6, S8) 

Being different and entertaining, providing access to 

information in a different way, 

Difficult to use, slow 

Suggestions (S1, S3, S4, S7, S8, S9, S11) 

                     (S4, S6) 

 

                     (S2, S3, S7, S11) 

Application of biology course in different subjects, physics, 

chemistry and geography courses. 

Giving more time 

Similar practices in other schools, supporting learning by 

doing and experiencing  
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Students participating in the research, regarding the positive aspects of AR applications; they stated that it 

reflects the reality, that it is enjoyable and entertaining. Examples of student views on this issue are presented 

below: 

 

S1; I liked it, it was pretty good, I liked that it was hands-on and visual. 

S2; I liked that the app is visual and fun. 

S4; It was a great practice for me to not get bored in the lesson. 

S7; I really liked that the app reflects reality. 

 

Students, regarding the negative aspects of AR applications; they expressed the opinion that not taking notes 

and taking time. Examples of student views on this issue are presented below: 

 

S4; Using the app was taking time. 

S6; Applications took a long time. 

S7; It was fun, but it was better when we took notes, and we didn't take notes here. 

 

Regarding the contribution of AR applications to learning; they stated that they learn by doing and living, 

applications contain visuals, and they provide easy and permanent learning. Examples of student views on this 

issue are presented below: 

 

S1; The class was more fun. We learned the subject better. We don't like to memorize. I think I am and 

will be more successful with AR applications. 

S2; I remembered what I learned more easily because my visual intelligence was better. 

S3; It was more permanent and fun to practice rather than reading and writing. 

S4; The fact that it was hands-on rather than narrative helped us recognize and visually recall organelles. 

S6; Because we did it ourselves, we learned better by seeing all the finer details. 

S7; Using and applying technology has been more effective. 

S8; I learned better thanks to the practical teaching of the course subject rather than being taught by 

writing it down. 

S9; It had an effect on me learning better and remembering easily. 

S10; It contributed to my achievement in the biology course, my self-confidence increased. 

S11; We started to believe that we could do better on the exams. 

 

A few of the students stated that AR applications had an effect on their study methods and they understood 

better visually. Some students stated that although the application attracted attention with its visual side, it still 

did not change their study methods. Examples of student opinions are presented below: 

 

S8; It changed the way I study, now I started working with visual elements. 

S10; My study activities have changed. 

S11; While I used to perceive the cell as simple, with this application I changed my way of working 

because I saw that the cell and its organelles are more detailed. 

S4; My study method hasn't changed, but the visuals and pictures have caught my attention. 

 

The students who participated in the research stated that AR applications increased their interest and motivation 

towards the lesson and reduced their prejudices about the biology lesson. One participant stated that his 

motivation decreased due to the long duration of AR applications. Examples of student opinions are presented 

below: 

 

S2; I started coming to biology classes more excited and happy. 

S3; The studies really caught my attention and it changed my perspective on biology. 

S4; With the app, my interest in biology grew. 

S8; With this study, my prejudice to biology was destroyed and my motivation increased. 

S1; I got bored with the applications because it took so long and my motivation dropped. 

 

The students stated that the AR application increased the sharing and exchange of information, and made the 

classroom environment more friendly. Student opinions regarding this are given below: 

 

S2; There was a more friendly atmosphere with our teacher and our friends. 

S3; Our teacher helped us a lot because it was the first time we did such a practice, and sometimes 

teamwork was effective. 
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Figure 1.  Visuals of AR applications 
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S6; We became more sincere with our teacher and our sharing with our friends increased. 

S7; We exchanged ideas with our friends. 

S8; We learned by discussing organelles with our friends. 

S11; We got help from our teacher and helped and socialized with our friends. 

 

While some of the students participating in the research emphasized that AR software is fun, reflects reality and 

has easy access to information; others stated that they had difficulties in installing and using the application and 

that this application should be developed. Examples of student opinions are presented below: 

 

S1; Although I struggled a bit, it was a good application. 

S3; It was a different application, more reflective of the virtual environment to us. 

S10; I liked it very much because it is an application where I can access information very easily. 

S11; I found the app fun and very beautiful. 

S2; I had a very difficult time installing and using the software. 

S6; I had a hard time introducing pictures and uploading videos. It would be better if the application was 

developed. 

S8; It would be nice if the app was faster. 

 

The students participating in the research stated that it would be good to make AR applications in other units of 

the biology course, in physics, chemistry and geography courses. Student opinions regarding this are given 

below: 

 

S1; Because it is 3D, we remembered it. I would like to do it in other lessons as well. 

S3; I learned the cell unit very well. If we did it in physics and chemistry classes, I would learn very well. 

S4; It would be great if we could do in geography class. I would like it to be embodied in this way, as 

other biology subjects also remain abstract. 

S7; I cannot understand many subjects in physics class, I would like to do this application in physics 

class as well. 

S8; I would love to do it in chemistry and geography classes. 

S9; This technology should be used in all courses. 

S11; I would like to do it in different units as well. It should also be applied in physics and chemistry 

classes. 

 

Students made various suggestions regarding AR applications. Some of these recommendations are presented 

below: 

 

S2; “I think that students should be active with these and similar practices and should be supported for 

learning by doing.” 

S3; “It would be more comfortable if the application was done in more class hours. It is an application 

where we will be more successful by learning through the concretization of abstract concepts.” 

S7; “This practice should definitely be done in other schools as well.” 

S11; “AG studies should be supported in education and in our country.” 

 

The students' views on AR applications are stated above. In Figure 1 above, visuals of AR applications are 

given. 

 

 

Discussion and Conclusion 
 

When the findings related to the first hypothesis of the research are examined, it was seen that the achievement 

posttest point averages of the experimental group students were significantly higher than the posttest averages of 

the control group students. Based on this finding, it can be said that AR applications are effective in achieving 

academic achievement in the ninth grade biology cell unit compared to the current curriculum. This finding can 

be interpreted as the use of AR supported teaching materials in science education will provide positive learning 

outcomes. This finding shows parallelism with the qualitative findings of the study. The participants of the study 

stated that AR applications enable learning by doing and experiencing, increase the level of learning and 

academic success, that what they learn in this way is permanent and their academic self-confidence improves. In 

addition, the students evaluated the applications positively in terms of including visuality, reflecting the truth, 

being enjoyable and entertaining, increasing interest and motivation, providing excitement and happiness, and 

destroying the prejudices about the lesson. All these factors can be seen as factors that have positive effects on 
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academic achievement. When the relevant literature is examined, it has been seen that similar results have been 

reached in many studies (Abdüsselam & Karal, 2012; Alınlı & Yazıcı, 2020; Bacca et al., 2014; Eroğlu, 2018; 

Ersoy et al., 2016; Girgin, 2018; Gün & Atasoy, 2017; Ibáñez et al., 2014; İbili, 2013; Kırıkkaya & Şentürk, 

2018; Küçük et al., 2014; Özbek & Ak, 2020; Özdemir & Özçakır, 2017). 

 

When the findings related to the second hypothesis of the research are examined, no significant difference was 

found between the motivation total score averages of the experimental group and the control group students and 

the sub-dimension averages of intrinsic motivation, extrinsic motivation, interest in learning, trust in learning 

and responsibility in learning. Affective variables such as attitude, motivation, academic success, etc. can 

change over a longer period of time compared to other variables. The 6-week experimental period may not be 

enough time to see a significant difference in motivation scores. On the other hand, the experimental group 

students stated that AR applications increased their interest and motivation towards the lesson, and thus they 

came to the lessons more enthusiastically and excitedly. When the studies on AR applications are examined, it 

can be seen that the effective use of new technologies such as AR in education can affect students' imaginations, 

improve their creativity, and increase their motivation and attitudes towards the lesson (Arıcı, 2013; Ersoy, 

Duman & Öncü, 2016; Uluyol & Eryılmaz, 2014). Many studies on the use of technology in learning activities 

suggest that learning environments using AR can increase learning motivation and effectiveness (Huang et al., 

2016). Since AR environments have the ability to attract students' attention easily, students can adapt to the 

subject they are interested in more easily (Winkler et al., 2002). In this context, AR technology can offer new 

opportunities to promote learning. 

 

In this study, it was determined that the motivation questionnaire "exam anxiety" sub-dimension score averages 

were higher in the experimental group, in other words, students who performed AR applications approached 

exams with anxiety. Exam anxiety is defined as intense anxiety that prevents the previously learned knowledge 

from being used effectively during the exam and leads to a decrease in success (Sarıkaya & Gemalmaz, 2021). 

The fact that the student stands out with her study feature, keeps her grades high and fulfills what is asked of her 

in the lessons causes her to be considered academically successful (Kaya et al., 2012). The students' encounter 

with a new application may have caused them to think that they could face a new situation in the exams. Or, 

because they have studied in a different way than before, they may not be aware of how much they have learned 

and may have doubts about using the information they have learned in the exam. Although the students 

generally liked this application and stated that it facilitated their learning and increased the permanence of what 

was learned, it can be said that this application did not relieve their worries about the exams. 

 

When the findings regarding the sub-problem related to the qualitative dimension of the research are examined, 

students participating in the research; stated that they like biology lessons in which AR applications are carried 

out; they found the applications different, enjoyable and entertaining, and the applications helped to embody 

abstract concepts and make the subjects more memorable; They stated that cooperation between the students and 

the teacher increased in the classroom and learning by experience took place. Students, who stated that their 

interest and motivation towards the lesson increased thanks to the applications, suggested that these and similar 

applications be used in different units and subjects of the biology lesson, in other fields of science such as 

physics and chemistry, and in the geography lesson. The results of similar studies in the literature largely 

support the findings obtained from the interviews with the students in this study. The findings of the researchers, 

who determined that AR applications embody abstract concepts, increase attention and motivation, increase 

student participation by creating a learning environment by doing, provide learning with fun, improve 

interaction and cooperation in the classroom, are in line with the results of this study (Huang et al., 2016; 

Ivanova & Ivanov, 2011; O'Brien & Toms, 2005; Squire et al., 2008; Walczak et al., 2006; Wei et al., 2015; 

Wojciechowski & Cellary, 2013; Yoon et al., 2012). 

 

Today, many researches on educational technologies show a tendency towards emerging technologies. 

Educational applications developed for use on desktop computers, tablets and mobile phones enrich the 

imagination of students with the help of various multimedia elements brought together, embody abstract 

concepts and add excitement to learning (Timur & Özdemir, 2018). Using the ever-evolving technology, and 

presenting the lessons by making use of technological devices, is of great importance for students to better 

understand the subject and to be interested in the lesson. In this way, students can come to the lesson more 

willingly, concentrate on the lesson and lose their interest later than in a normal lesson. In addition, such 

practices, in which contemporary techniques are used instead of classical methods to prepare a course material, 

can provide new perspectives on education (Avcı & Taşdemir, 2019). In line with these views, it can be said that 

an innovative technology such as AR can bring a new breath to the teaching of subjects that are difficult in the 

field of science. Nowadays, when we can see a wide variety of applications of AR in education, the ability to 
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connect reality and digital content is constantly evolving and offers more options for teachers and students day 

by day (Girgin, 2018). 

 

If another result of the research is mentioned; some of the students stated that the applications take time, they 

have difficulties in some stages and the software needs to be developed. The inadequacy of students' knowledge 

and experience about technological applications and instructional software may cause these opinions and 

misconceptions about the effectiveness of the application. In addition to these, the fact that students who meet a 

new application are more active by getting rid of the traditional ways they are used to may have caused this 

result and some difficulties. 

 

Developments in information and communication technologies offer us new opportunities in the field of 

education. AR technology can make classrooms more engaging and knowledge more applicable. A large 

proportion of teenagers today own smartphones, and many of them are active smartphone users who use these 

tools to play games and connect with friends. A much smaller proportion of teens use their phones to do 

homework, gather information on a topic, etc. uses for educational purposes. When smartphones and AR are 

combined for education, students can be given extra digital information about any subject in various ways and 

complex information can be made easier to understand (Girgin, 2018). 

 

 

Recommendations 
 

It has been determined that biology lessons taught with AR activities are more effective in increasing academic 

achievement than the lessons taught with the activities of the current program. For this reason, it is thought that 

including AR applications in curricula and lesson plans, focusing on the use of activities with AR applications in 

the lessons will increase the academic achievement of the students and a high level of efficiency will be 

obtained from the teaching activities carried out in this way. The important thing here is to ensure that AR 

applications are suitable for the level of students. It can be said that the implementation of activities supported 

by AR in educational institutions will bring a different perspective in terms of the integration of technology into 

education. It was concluded that there was a significant difference in favor of the experimental group in the 

"anxiety in exams" sub-dimension of the motivation questionnaire, and the AR activities applied to the 

experimental group students caused the students to worry about the exams. It is normal for students who are 

introduced to a new application to worry about what they will do and what they will encounter in the exams. It 

is thought that such anxieties of students will decrease with the use of similar technological applications more in 

lessons. 

 

When the findings about the challenging aspects of these activities of the experimental group students, in which 

AR applications were made, were examined, it was concluded that some students had problems with insufficient 

lesson hours and long applications. In this case, it can be suggested that the time allocated to AR applications 

should be arranged in line with student opinions. In addition to the fact that the mobile application used in the 

research is largely useful, it has been revealed that it perceives the pictures difficult and there are problems in 

loading them. It is thought that the mobile application should be developed in order to avoid these problems in 

new applications to be made in the future. Students who like to learn with activities based on AR applications 

stated that they want to use this application in physics, chemistry and geography lessons. In this direction, it can 

be suggested that AR applications should be used more in other lessons, especially in lessons that students find 

abstract and have difficulties. In this study, the effect of activities based on AR applications on student 

achievement and motivation in biology lesson was tried to be measured. Researchers who will study on this 

subject may be advised to investigate the effects of similar practices on variables such as interest, attitude, and 

permanence of what has been learned. 

 

 

Scientific Ethics Declaration 
 

The authors declare that the scientific ethical and legal responsibility of this article published in JESEH journal 

belongs to the authors. 

 

 

Acknowledgements or Notes 
 

This article was produced from the master's thesis presented by Esra Omurtak at Karamanoğlu Mehmetbey 

University Social Sciences Institute. 



69 
 

J Educ Sci Environ Health 

References 

 

Abdüsselam, M. S. (2014). A study of art and craft teaching programs according to their function of generating 

"ındustrial design education" qualification for teacher candidates. Pegem Journal of Education and 

Instruction, 4(1), 59–74. http://doi.org/10.14527/pegegog.2014.004 

Abdüsselam, M. S., & Karal, H. (2012). Fizik öğretiminde artırılmış gerçeklik ortamlarının öğrenci akademik 

başarısı üzerine etkisi: 11. Sınıf manyetizma konusu örneği. Eğitim ve Öğretim Araştırmaları Dergisi, 

1(4), 170-181. http://jret.org/FileUpload/ks281142/File/20a.abdusselam.pdf 

Alınlı, C., & Yazıcı, F. (2020). The effect of augmented reality practices on students' academic achievement in 

grade 8th T.R. The history of revolution and Kemalism course and attitudes of students towards 

augmented reality practice. International Journal of Turkish Educational Studies, 8(15), 99-113. 

https://doi.org/10.46778/goputeb.780344 

Andersen, P. (2007). What is Web 2.0?: ideas, technologies and implications for education (Vol. 1). JISC 

Bristol. 

Arıcı, V. A. (2013). A study on 3d-virtual reality in science education programs: “Solar system and beyond: 

Space puzzle” Unit sample (Unpublished master’s thesis). Adnan Menderes University.  

Augment. (2014). http://augmentedev.com/  

Avcı, A. F., & Taşdemir, Ş. (2019). Periodic table teaching with augmented and virtual reality. Journal of 

Selcuk-Technic, 18(2), 68-83. http://sutod.selcuk.edu.tr/sutod/article/view/468 

Azuma, R. (1997). A survey of augmented reality. Presence-Teleoperators and Virtual Environments, 6(4), 

355- 385. https://doi.org/10.1162/pres.1997.6.4.355 

Azuma, R., Baillot, Y., Behringer, R., Feiner, S., Julier, S., & MacIntyre, B. (2001). Recent advances in 

augmented reality. IEEE Computer Graphics and Applications, 21(6), 34–47. 

http://doi.org/10.1109/38.963459 

Bacca, J., Baldiris, S., Fabregat, R., & Graf, S. (2014). Augmented reality trends in education: a systematic 

review of research and applications. Journal of Educational Technology & Society, 17(4), 133. 

https://dugi-

doc.udg.edu/bitstream/handle/10256/17763/AugmentedRealityByNcNd.pdf?sequence=1&isAllowed=y 

Best, J. W., & Kahn, J. V. (2014). Research in education (10th Edt.). Pearson. 

Bilgiç, H. G., Duman, D., & Seferoğlu, S. S. (2011). The characteristics of digital natives’ and their effects of on 

the design of online environments.  Academic Informatics, 2(4), 1-7. 

Bressler, D. M. ve Bodzin, A. M. (2013). A mixed methods assessment of students’ flow experiences during a 

mobile augmented reality science game. Journal of Computer Assisted Learning, 29(6), 505–517. 

https://doi.org/10.1111/jcal.12008 

Bronack, S. C. (2011), The role of immersive media in online education. Journal of Continuing Higher 

Education, 59(2), 113–117. https://doi.org/10.1080/07377363.2011.583186 

Buluş Kırıkkaya, E., & Şentürk, M. (2018). The impact of using augmented reality technology in the solar 

system and beyond unit on the academic achievement of the students. Kastamonu Education Journal, 

26(1), 181-189. https://doi.org/10.24106/kefdergi.375861 

Büyüköztürk, Ş. (2006). Manual of data analysis for social sciences [Sosyal bilimler için veri analizi el kitabı]. 

Pegem Academy Publishing. 

Cabero, J., & Barroso, J. (2016). The educational possibilities of augmented reality. Journal of New Approaches 

in Educational Research, 5(1), 44-50. https://doi.org/10.7821/naer.2016.1.140 

Cai, S., Wang, X., & Chiang, F.-K. (2014), A case study of augmented reality simulation system application in a 

chemistry course. Computers in Human Behavior, 37, 31–40. https://doi.org/10.1016/j.chb.2014.04.018 

Chen, C., & Wang, C.-H. (2015). Employing augmented-reality-embedded instruction to disperse the imparities 

of individual differences in earth science learning. Journal of Science Education and Technology, 

24(6), 835–847. https://link.springer.com/content/pdf/10.1007/s10956-015-9567-3.pdf 

Cheng, K.-H., & Tsai, C.-C. (2013). Affordances of augmented reality in science learning: Suggestions for 

future research. Journal of Science Education and Technology, 22(4), 449–462. 

https://link.springer.com/content/pdf/10.1007/s10956-012-9405-9.pdf 

Chiang, T. H. C., Yang, S. J. H., & Hwang, G.-J. (2014). An augmented reality-based mobile learning system to 

improve students’ learning achievements and motivations in natural science inquiry activities. 

Educational Technology and Society, 17(4), 352–365. 

https://www.jstor.org/stable/10.2307/jeductechsoci.17.4.352 

Creswell, J. W. (2014). Research design: Qualitative, quantitative, and mixed methods approaches (4th edt.). 

Sage Publications. 

Creswell, J. W. (2017). Qualitative inquiry and research design: Choosing among five approaches (4th edt.). 

Sage Publications. 

http://doi.org/10.14527/pegegog.2014.004
http://jret.org/FileUpload/ks281142/File/20a.abdusselam.pdf
https://doi.org/10.46778/goputeb.780344
http://sutod.selcuk.edu.tr/sutod/article/view/468
https://doi.org/10.1162/pres.1997.6.4.355
http://doi.org/10.1109/38.963459
https://dugi-doc.udg.edu/bitstream/handle/10256/17763/AugmentedRealityByNcNd.pdf?sequence=1&isAllowed=y
https://dugi-doc.udg.edu/bitstream/handle/10256/17763/AugmentedRealityByNcNd.pdf?sequence=1&isAllowed=y
https://doi.org/10.1111/jcal.12008
https://doi.org/10.1080/07377363.2011.583186
https://doi.org/10.24106/kefdergi.375861
https://doi.org/10.7821/naer.2016.1.140
https://doi.org/10.1016/j.chb.2014.04.018
https://link.springer.com/content/pdf/10.1007/s10956-015-9567-3.pdf
https://link.springer.com/content/pdf/10.1007/s10956-012-9405-9.pdf
https://www.jstor.org/stable/10.2307/jeductechsoci.17.4.352


70 Zeybek & Omurtak 

Creswell, J. W., & Plano Clark, V. L. (2011). Designing and conducting mixed methods research (2nd Edt.). 

Sage Publications. 

Dede, Y., & Yaman, S. (2008). Fen öğrenmeye yönelik motivasyon ölçeği: Geçerlik ve güvenirlik çalışması. 

Necatibey Eğitim Fakültesi Elektronik Fen ve Matematik Eğitimi Dergisi, 2(1), 19–37. 

https://dergipark.org.tr/en/pub/balikesirnef/issue/3366/46483 

Demirel, Ö. (2008). Curriculum development in education (11th edt.). [Eğitimde program geliştirme]. Pegem 

Academy Publishing. 

Di Serio, Á., Ibáñez, M. B., & Kloos, C. D. (2013). Impact of an augmented reality system on students' 

motivation for a visual art course. Computers & Education, 68, 586-596. 

https://doi.org/10.1016/j.compedu.2012.03.002 

Ekici, G. (2009). Adaptation of the biology motivation questionnaire to Turkish. Çağdaş Eğitim Dergisi, 

34(365), 6-15. https://toad.halileksi.net/sites/default/files/pdf/biyoloji-dersi-motivasyon-anketi-toad.pdf 

Enyedy, N., Danish, J. A., Delacruz, G., & Kumar, M. (2012). Learning physics through play in an augmented 

reality environment. International Journal of Computer-Supported Collaborative Learning, 7(3), 347–

378. https://10.1007/s11412-012-9150-3 

Eroğlu, B. (2018). Evaluation of teaching astronomy concept with augmented reality application for secondary 

student (Unpublished master’s tehesis) Karadeniz Technical University, Trabzon. 

https://tez.yok.gov.tr/UlusalTezMerkezi/tezSorguSonucYeni.jsp ID: 494395 

Ersoy, H., Duman, E., & Öncü, S. (2016). Artırılmış gerçeklik ile motivasyon ve başarı: Deneysel bir çalışma. 

Journal of Instructional Technologies and Teacher Education, 5 (1), 39-44. 

https://dergipark.org.tr/en/pub/jitte/issue/25089/264804 

Feiner, S. (2002), Augmented reality: A new way of seeing. Scientific American, 286(4), 48–55. 

https://www.jstor.org/stable/26059641 

Fidan, M., & Tuncel, M. (2018, October). Ortaokul fen eğitimine yönelik artırılmış gerçeklik uygulamalarının 

tasarımı. Paper presented at the meeting of The 6th International Congress on Curriculum and 

Instruction, Kars, Turkey. https://www.kafkas.edu.tr/dosyalar/egitimYeni/file/epokkongresi.pdf 

Furió, D., Juan, M.-C., Segui, I., & Vivó, R. (2015). Mobile learning vs. traditional classroom lessons: a 

comparative study. Journal of Computer Assisted Learning, 31(3), 189–201. 

https://doi.org/10.1111/jcal.12071 

Girgin, S. (2018). The effect of augmented reality technology on the academic success of science course. 

Journal of Social And Humanities Sciences Research (JSHSR), 5(30) 4283-4290. 

https://www.researchgate.net/profile/Soenmez-Girgin/publication/330323405 

Glesne, C. (2016). Becoming qualitative researchers: An introduction (5th edt.). Pearson. 

Glynn, S. M., & Koballa, T. R. Jr. (2006). Motivation to learn in college science. In J. Mintzes and W. H. 

Leonard (Eds). Handbook of college science teaching (pp. 25-32). Arlington, VA: National Science 

Teachers Association Pres. 

Glynn, S. M., Taasoobshirazi, G., & Brickman, P. (2007). Nonscience major learning science; a theoretical 

model of motivational. Journal of Research in Science Teaching. 44, 1088-1107. 

https://doi.org/10.1002/tea.20181 

Glynn, S. M, Taasoobshirazi, G., & Brickman, P. (2009). Science motivation questionnaire: Construct 

validation with nonscience major. Journal of Research in Science Teaching, 46(2), 127-146. 

https://doi.org/10.1002/tea.20267 

Greene, J. C. (2007). Mixed methods in social inquiry. Jossey-Bass. 

Greenhow, C., Robelia, B., & Hughes, J. E. (2009). Learning, teaching, and scholarship in a digital age: Web 

2.0 and classroom research: What path should we take now? Educational Researcher, 38(4), 246-259. 

https://doi.org/10.3102/0013189X09336671 

Gümüş, K., & Boydaş, O. (2021). Examining the place of augmented reality applications in education. The 

Journal of International Social Research, 14(76), 321-330. 

https://eds.s.ebscohost.com/eds/pdfviewer/pdfviewer?vid=0&sid=01f2e2c4-ba5e-4d54-ab1d-

8953e89861c7%40redis 

Gün, E. T., & Atasoy, B. (2017). Artırılmış gerçeklik uygulamalarının ilköğretim öğrencilerinin uzamsal 

yeteneklerine ve akademik başarılarına etkisi. Eğitim ve Bilim, 42(191), 31-51. 

Hayes, P., Joyce, D., & Pathak, P. (2004). Ubiquitous learning - an application of mobile technology in 

education. In L. Cantoni & C. McLoughlin (Eds.), Proceedings of ED-MEDIA 2004--World 

Conference on Educational Multimedia, Hypermedia & Telecommunications (pp. 1811-1816). Lugano, 

Switzerland: Association for the Advancement of Computing in Education 

(AACE).  m https://www.learntechlib.org/primary/p/12724/. 

Hsiao, K.-F., Chen, N.-S., & Huang, S.-Y. (2012). Learning while exercising for science education in 

augmented reality among adolescents. Interactive Learning Environments, 20(4), 331–349. 

https://doi.org/10.1080/10494820.2010.486682 

https://dergipark.org.tr/en/pub/balikesirnef/issue/3366/46483
https://doi.org/10.1016/j.compedu.2012.03.002
https://toad.halileksi.net/sites/default/files/pdf/biyoloji-dersi-motivasyon-anketi-toad.pdf
https://10.0.3.239/s11412-012-9150-3
https://tez.yok.gov.tr/UlusalTezMerkezi/tezSorguSonucYeni.jsp
https://dergipark.org.tr/en/pub/jitte/issue/25089/264804
https://www.jstor.org/stable/26059641
https://www.kafkas.edu.tr/dosyalar/egitimYeni/file/epokkongresi.pdf
https://doi.org/10.1111/jcal.12071
https://www.researchgate.net/profile/Soenmez-Girgin/publication/330323405
https://doi.org/10.1002/tea.20181
https://doi.org/10.1002/tea.20267
https://doi.org/10.3102/0013189X09336671
https://eds.s.ebscohost.com/eds/pdfviewer/pdfviewer?vid=0&sid=01f2e2c4-ba5e-4d54-ab1d-8953e89861c7%40redis
https://eds.s.ebscohost.com/eds/pdfviewer/pdfviewer?vid=0&sid=01f2e2c4-ba5e-4d54-ab1d-8953e89861c7%40redis
https://www.learntechlib.org/primary/p/12724/
https://doi.org/10.1080/10494820.2010.486682


71 
 

J Educ Sci Environ Health 

Huang, T-C., Chen, C.-C., & Chou, Y.-W. (2016). Animating eco-education: To see, feel, and discover in an 

augmented reality-based experiential learning environment. Computers & Education, 96, 72-82. 

https://doi.org/10.1016/j.compedu.2016.02.008 

Hwang, G.-J., Wu, P.-H., Chen, C.-C., & Tu, N.-T. (2016). Effects of an augmented reality-based educational 

game on students’ learning achievements and attitudes in real-world observations. Interactive Learning 

Environments, 24(8), 1895–1906. https://doi.org/10.1080/10494820.2015.1057747 

Ibáñez, M. B., Di Serio, A., Villarán, D., & Kloos, C. D. (2014). Experimenting with electromagnetism using 

augmented reality: Impact on flow student experience and educational effectiveness. Computers & 

Education, 71, 1-13. https://doi.org/10.1016/j.compedu.2013.09.004 

İçten, T., & Bal, G. (2017). Review of recent developments and applications in augmented reality. Gazi 

University Journal of Science, 5(2), 111-136. https://dergipark.org.tr/en/download/article-file/840617 

İzgi Onbaşılı, Ü. (2018). The effect of augmented reality practices on the attitudes of primary school students 

towards augmented reality practices and science motivation. Ege Journal of Education, 19(1), 320-337. 

https://doi.org 10.12984/egeefd.390018 

Ivanova, M., & Ivanov, G. (2011). Enhancement of learning and teaching in computer graphics through marker 

augmented reality technology. International Journal on New Computer Architectures and Their 

Applications, 1(1), 176-184. https://www.researchgate.net/profile/Malinka-

Ivanova/publication/230772782 

İbili, E. (2013). Development, implementation and assessment of the effect augmented reality on geometry 

teaching materials for geometry classes (Unpublished doctoral dissertation). Gazi University. Ankara. 

https://tez.yok.gov.tr/UlusalTezMerkezi/tezSorguSonucYeni.jsp ID: 349085 

Johnson, L., Adams Becker, S., Estrada, V., & Freeman, A. (2014). NMC Horizon Report: 2014 Higher 

Education Edition. Austin, Texas: The New Media Consortium. https://cdc.qc.ca/pdf/2014-Horizon-

Report-creative-commons-copy.pdf 

Johnson, L., Adams Becker, S., Cummins, M., Estrada, V., Freeman, A., & Hall, C. (2016). NMC Horizon 

Report: 2016 Higher Education Edition. Austin, Texas: The New Media Consortium. 

https://www.learntechlib.org/p/171478/ 

Kamarainen, A. M., Metcalf, S., Grotzer, T., Browne, A., Mazzuca, D., Tutwiler, M. S., & Dede, C. (2013). 

EcoMOBILE: Integrating augmented reality and probeware with environmental education field trips. 

Computers ve Education, 68, 545–556. http://doi.org/10.1016/j.compedu.2013.02.018 

Kapil, Y., & Roy, A. (2014). A critical evaluation of generation Z at workplaces. International Journal of Social 

Relevance & Concern, 2(1), 10-14. https://ijournals.in/wp-

content/uploads/2017/07/IJOURNAL_CAMERA_READY.pdf 

Kaufmann, H. (2003, February). Collaborative augmented reality in education. Paper presented at the meeting 

of the IMAGINA. Monte Carlo, Monaco. 

https://www.researchgate.net/profile/Hannes_Kaufmann/publication/2555518_Collaborative_Augment

ed_Reality_in_Education/links/0912f508031dc45254000000/Collaborative-Augmented-Reality-in-

Education.pdf 

Kaya A, Bozaslan H, & Genç G. The effect of university students' parental attitudes on their problem solving 

skills, social anxiety levels and academic achievement. Dicle University Journal of Ziya Gökalp 

Education Faculty, 18, 208-225. https://dergipark.org.tr/tr/pub/zgefd/issue/47947/606639 

Kerawalla, L., Luckin, R., Seljeflot, S. ve Woolard, A. (2006). Making it real: exploring the potential of 

augmented reality for teaching primary school science. Virtual Reality, 10(3–4), 163–174. 

https://doi.org/10.1007/s10055-006-0036-4 

Kırıkkaya, E. B., & Şentürk, M. (2018). Güneş sistemi ve ötesi ünitesinde artırılmış gerçeklik teknolojisi 

kullanılmasının öğrenci akademik başarısına etkisi. Kastamonu Eğitim Dergisi, 26(1), 181-189. 

https://doi.org/10.24106/kefdergi.375861 

Klopfer, E., & Squire, K. (2008), Environmental detectives: the development of an augmented reality platform 

for environmental simulations. Educational Technology Research and Development, 56(2), 203–228. 

https://link.springer.com/content/pdf/10.1007/s11423-007-9037-6.pdf 

Kozma, R., & Anderson, R. (2002). Qualitative case studies of innovative pedagogical practices using ICT. 

Journal of Computer Assisted Learning, 18(4), 387-394. https://doi.org/10.1046/j.0266-

4909.2002.00250.doc.x 

Küçük, S., Yılmaz, R. M., Baydaş, Ö., & Göktaş, Y. (2014). Ortaokullarda artırılmış gerçeklik uygulamaları 

tutum ölçeği: geçerlik ve güvenirlik çalışması. Eğitim ve Bilim, 39(176), 383-392. 

http://eb.ted.org.tr/index.php/EB/article/view/3590 

Lee, K. (2012). Augmented reality in education and training. TechTrends, 56(2), 13-21. 

https://link.springer.com/content/pdf/10.1007/s11528-012-0559-3.pdf 

https://doi.org/10.1016/j.compedu.2016.02.008
https://doi.org/10.1080/10494820.2015.1057747
https://doi.org/10.1016/j.compedu.2013.09.004
https://dergipark.org.tr/en/download/article-file/840617
https://www.researchgate.net/profile/Malinka-Ivanova/publication/230772782
https://www.researchgate.net/profile/Malinka-Ivanova/publication/230772782
https://tez.yok.gov.tr/UlusalTezMerkezi/tezSorguSonucYeni.jsp
https://cdc.qc.ca/pdf/2014-Horizon-Report-creative-commons-copy.pdf
https://cdc.qc.ca/pdf/2014-Horizon-Report-creative-commons-copy.pdf
https://www.learntechlib.org/p/171478/
https://ijournals.in/wp-content/uploads/2017/07/IJOURNAL_CAMERA_READY.pdf
https://ijournals.in/wp-content/uploads/2017/07/IJOURNAL_CAMERA_READY.pdf
https://www.researchgate.net/profile/Hannes_Kaufmann/publication/2555518_Collaborative_Augmented_Reality_in_Education/links/0912f508031dc45254000000/Collaborative-Augmented-Reality-in-Education.pdf
https://www.researchgate.net/profile/Hannes_Kaufmann/publication/2555518_Collaborative_Augmented_Reality_in_Education/links/0912f508031dc45254000000/Collaborative-Augmented-Reality-in-Education.pdf
https://www.researchgate.net/profile/Hannes_Kaufmann/publication/2555518_Collaborative_Augmented_Reality_in_Education/links/0912f508031dc45254000000/Collaborative-Augmented-Reality-in-Education.pdf
https://dergipark.org.tr/tr/pub/zgefd/issue/47947/606639
https://doi.org/10.1007/s10055-006-0036-4
https://doi.org/10.24106/kefdergi.375861
https://link.springer.com/content/pdf/10.1007/s11423-007-9037-6.pdf
https://doi.org/10.1046/j.0266-4909.2002.00250.doc.x
https://doi.org/10.1046/j.0266-4909.2002.00250.doc.x
http://eb.ted.org.tr/index.php/EB/article/view/3590
https://link.springer.com/content/pdf/10.1007/s11528-012-0559-3.pdf


72 Zeybek & Omurtak 

Lin, T.-J., Duh, H. B.-L., Li, N., Wang, H.-Y., & Tsai, C.-C. (2013). An investigation of learners’ collaborative 

knowledge construction performances and behavior patterns in an augmented reality simulation system. 

Computers & Education, 68, 314–321. https://doi.org/10.1016/j.compedu.2013.05.011 

Matcha, W., & Rambli, D. R. A. (2013). Exploratory study on collaborative interaction through the use of 

augmented reality in science learning. Procedia Computer Science, 25, 144–153. 

https://doi.org/10.1016/j.procs.2013.11.018 

Miles, M, B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded sourcebook. (2nd edt.). Sage 

Publications. 

Núñez, M., Quirós, R., Núñez, I., Carda, J. B., Camahort, E., & Mauri, J. L., (2008, July). Collaborative 

augmented reality for inorganic chemistry education. Paper presented at the meeting of the 

International Conference of Mathematics and Computers in Science and Engineering, WSEAS. 

https://www.researchgate.net/profile/Ricardo-

Quiros/publication/234777537_Collaborative_augmented_reality_for_inorganic_chemistry_education/l

inks/02e7e51836a411d74f000000/Collaborative-augmented-reality-for-inorganic-chemistry-

education.pdf 

Oblinger, D., & Oblinger, J. (2005). Is it age or IT: First steps toward understanding the net generation. 

Educating the Net Generation, 2(1–2), 20. https://studentconduct.tamucc.edu/assets/IsItAge.pdf 

O’Brien, H. L. & Toms, E. G. (2005, November). Engagement as process in computer mediated environments. 

Poster presented at ASIS&T, Charlotte, North Carolina. 

Özbek, F., & Ak, Ş. (2020). The augmented reality in 4th grade Turkish lesson: Effect on achievement and 

motivation. Kastamonu Education Journal, 28(4), 1668-1679. http://doi.org/ 10.24106/kefdergi.4003 

Özdemir, D., & Özçekır, B. (2019). An analysis of the effects of augmented reality activities in teaching 

fractions on 5th grade students’ math achievement and attitudes. Adıyaman University Journal of 

Educational Sciences, 9(1), 21-41. http://dx.doi.org/10.17984/adyuebd.495731 

Patton, M. Q. (1990). Qualitative research and evaluation methods (3rd edt.). Sage Publications. 

Perez-Lopez, D., & Contero, M. (2013). Delivering educational multimedia contents through an augmented 

reality application: A case study on its impact on knowledge acquisition and retention. Turkish Online 

Journal of Educational Technology - TOJET, 12(4), 19–28. 

https://files.eric.ed.gov/fulltext/EJ1018026.pdf 

Prensky, M. (2001). Digital natives, digital immigrants part 1. On the Horizon, 9(5), 1-6. 

https://www.marcprensky.com/writing/Prensky%20-

%20Digital%20Natives,%20Digital%20Immigrants%20-%20Part1.pdf 

Rosenbaum, E., Klopfer, E., & Perry, J. (2006). On location learning: Authentic applied science with networked 

augmented realities. Journal of Science Education and Technology, 16(1), 31–45. 

http://doi.org/10.1007/s10956-006-9036-0 

Sarıkaya, S., & Gemalmaz, A. (2021). Factors affecting test anxiety. Jour Turk Fam Phy, 12(2), 99-107. 

https://10.15511/tjtfp.21.00297. 

Seferoğlu, S. S. (2006). Instructional technologies and material design [Öğretim teknolojileri ve materyal 

tasarımı]. Pegem Academy Publishing.  

Sırakaya, M. (2015). Effects of augmented reality applications on students' achievement, misconceptions and 

course engagement (Unpublished doctoral dissertation). Gazi University, Ankara. 

https://tez.yok.gov.tr/UlusalTezMerkezi/tezSorguSonucYeni.jsp ID 419423 

Singhal, S., Bagga, S., Goyal, P., & Saxena, V. (2012). Augmented chemistry: Interactive education system. 

International Journal of Computer Applications, 49(15), 1–5. https//doi.org/10.5120/7700-1041 

Shelton, B. E., & Hedley, N. R. (2002, September). Using augmented reality for teaching earth-sun 

relationships to undergraduate geography students. Paper presented at the meeting of the IEEE 

International Workshop, Darmstadt, Germany. 

Shelton, B. E., & Stevens, R. (2004, June). Using coordination classes to interpret conceptual change in 

astronomical thinking. Paper presented at the meeting of the 6th International Conference for the 

Learning Sciences. Lawrence Erlbaum and Associates, Mahweh, NJ. 

https://doi.dx.org/10.22318/icls2004.634 

Smaldino, S. E., Lowther, D. L., Russell, J. D., & Mims, C. (2019). Instructional technology and media for 

learning (12th edt.). Pearson. 

Solak, E., & Cakir, R. (2015). Exploring the Effect of Materials Designed with Augmented Reality on Language 

Learners’ Vocabulary Learning. Journal of Educators Online, 12(2), 50–72. 

https://files.eric.ed.gov/fulltext/EJ1068381.pdf 

Somyürek, S. (2014). Gaining the attention  of generation z in learning process: 

augmented reality. Educational Technology Theory and Practice, 4(1), 63-80. 

https://doi.org/10.17943/etku.88319 

https://doi.org/10.1016/j.compedu.2013.05.011
https://doi.org/10.1016/j.procs.2013.11.018
https://www.researchgate.net/profile/Ricardo-Quiros/publication/234777537_Collaborative_augmented_reality_for_inorganic_chemistry_education/links/02e7e51836a411d74f000000/Collaborative-augmented-reality-for-inorganic-chemistry-education.pdf
https://www.researchgate.net/profile/Ricardo-Quiros/publication/234777537_Collaborative_augmented_reality_for_inorganic_chemistry_education/links/02e7e51836a411d74f000000/Collaborative-augmented-reality-for-inorganic-chemistry-education.pdf
https://www.researchgate.net/profile/Ricardo-Quiros/publication/234777537_Collaborative_augmented_reality_for_inorganic_chemistry_education/links/02e7e51836a411d74f000000/Collaborative-augmented-reality-for-inorganic-chemistry-education.pdf
https://www.researchgate.net/profile/Ricardo-Quiros/publication/234777537_Collaborative_augmented_reality_for_inorganic_chemistry_education/links/02e7e51836a411d74f000000/Collaborative-augmented-reality-for-inorganic-chemistry-education.pdf
https://studentconduct.tamucc.edu/assets/IsItAge.pdf
http://dx.doi.org/10.17984/adyuebd.495731
https://files.eric.ed.gov/fulltext/EJ1018026.pdf
https://www.marcprensky.com/writing/Prensky%20-%20Digital%20Natives,%20Digital%20Immigrants%20-%20Part1.pdf
https://www.marcprensky.com/writing/Prensky%20-%20Digital%20Natives,%20Digital%20Immigrants%20-%20Part1.pdf
http://doi.org/10.1007/s10956-006-9036-0
https://10.0.60.151/tjtfp.21.00297
https://tez.yok.gov.tr/UlusalTezMerkezi/tezSorguSonucYeni.jsp%20ID%20419423
https://doi.dx.org/10.22318/icls2004.634
https://files.eric.ed.gov/fulltext/EJ1068381.pdf
https://doi.org/10.17943/etku.88319


73 
 

J Educ Sci Environ Health 

Sönmez, V., Alacapınar, F. (2011). Illustrated scientific research methods [Örneklendirilmiş bilimsel araştırma 

yöntemleri]. Anı Publishing. 

Squire, K. D., & Jan, M. (2007). Mad city mystery: Developing scientific argumentation skills with a place-

based augmented reality game on handheld computers. Journal of Science Education and Technology, 

16(1), 5–29. http://doi.org/10.1007/s10956-006-9037-z 

Squire, K. D., Jan, M., Matthews, J., Wagler, M., Martin, J., & Devane, B. (2008). Wherever you go, there you 

are: Pace-based augmented reality games for learning. 

http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=C82FB26748C7B6A2B0709358AB08AD7B

?doi=10.1.1.173.821andrep=rep1andtype=pdf 

Tian, K., Endo, M., Urata, M., Mouri, K. ve Yasuda, T. (2014). Multi-viewpoint smartphone AR-based learning 

system for astronomical observation. International Journal of Computer Theory and Engineering, 6(5), 

396–400. http://doi.org/10.7763/IJCTE.2014.V6.897 

Timur, B., & Özdemir, M. (2018). Teachers’ views on the use of augmented reality environments in science 

education. International Journal of Turkish Education Sciences, 6(10), 62-75. 

https://dergipark.org.tr/tr/pub/fmgted/issue/61510/882023 

Tuan, H.-L., Chin, C.-C., Shiehh, S.-H. (2011). The development of a questionnaire to measure students' 

motivation towards science learning. International Journal of Science Education, 27(6), 639-654. 

https://doi.org/10.1080/0950069042000323737 

Uluyol, Ç. ve Eryılmaz, S. (2014). Examining pre-service teachers’ opinions regarding to augmented reality 

learning. Gazi University Gazi Faculty of Education Journal, 34(3), 403-413. 

https://dergipark.org.tr/en/download/article-file/77514 

Ültay, N., & Ültay, E. (2020). A comparative investigation of the views of pre-school teachers and teacher 

candidates about STEM. Journal of Science Learning, 3(2), 67-78. https://doi.org/ 

10.17509/jsl.v3i2.20796 

Vilkoniene, M. (2009). Influence of augmented reality technology upon pupils’ knowledge about human 

digestive system: The results of the experiment. Online Submission, 6(1), 36–43. 

https://files.eric.ed.gov/fulltext/ED503889.pdf 

Walczak, K., Wojciechowski, R., & Cellary, W. (2006, November). Dynamic interactive VR network services 

for education. Paper presented at the meeting of the ACM symposium on virtual reality software and 

technology. https://doi.org/10.1145/1180495.1180552 

Wang, F., & Hannafin, M. J. (2005). Design-based research and technology-enhanced learning environments. 

Educational Technology Research and Development, 53(4), 5- 23. 

https://link.springer.com/content/pdf/10.1007/BF02504682.pdf 

Wang, X., Kim, M. J., Love, P. E., & Kang, S. C. (2013). Augmented reality in built environment: classification 

and implications for future research. Automation in Construction, 32, 1-13 

https://doi.org/10.1016/j.autcon.2012.11.021 

Wang, H.-Y., Duh, H. B.-L., Li, N., Lin, T.-J., & Tsai, C.-C. (2014). An investigation of university students’ 

collaborative inquiry learning behaviors in an augmented reality simulation and a traditional 

simulation. Journal of Science Education and Technology, 23(5), 682–691. 

http://doi.org/10.1007/s10956-014-9494-8 

Waterman, A. S. (2005). When effort is enjoyed: Two studies of intrinsic motivation for personally salient 

activities. Motivation and Emotion, 29(3), 165–188. 

https://link.springer.com/content/pdf/10.1007/s11031-005-9440-4.pdf 

Watson, D. M. (2001). Pedagogy before technology: Re-thinking the relationship between ICT and teaching. 

Education and Information Technologies, 6(4), 251-266. 

https://link.springer.com/content/pdf/10.1023/A:1012976702296.pdf 

Wei, X., Weng, D., Liu, Y., & Wang, Y. (2015). Teaching based on augmented reality for a technical creative 

design course. Computers & Education, 81, 221-234. https://doi.org/10.1016/j.compedu.2014.10.017 

Winkler T., Kritzenberge H., & Herczeg, M. (2002, June). Mixed reality environments as collabrative and 

constructive learning spaces for elementary school children. Paper presented at the meeting of the 

World Conference on Educational Multimedia, Hypermedia & Telecommunications, Colorado. 

Wojciechowski, R., & Cellary, W. (2013). Evaluation of learners’ attitude toward learning in ARIES augmented 

reality environments. Computers and Education, 68, 570–585. 

https://doi.org/10.1016/j.compedu.2013.02.014 

Wolters, C. A., & Rosenthal, H. (2000). The relation between students’ motivational beliefs and their use of 

motivational regulation strategies. International Journal of Educational Research, 33(7), 801–820. 

https://doi.org/10.1016/S0883-0355(00)00051-3 

Wu, H.-K., Lee, S. W.-Y., Chang, H.-Y., & Liang, J.-C. (2013). Current status, opportunities and challenges of 

augmented reality in education. Computers and Education, 62, 41–49. 

http://doi.org/http://dx.doi.org/10.1016/j.compedu.2012.10.024 

http://doi.org/10.1007/s10956-006-9037-z
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=C82FB26748C7B6A2B0709358AB08AD7B?doi=10.1.1.173.821andrep=rep1andtype=pdf
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=C82FB26748C7B6A2B0709358AB08AD7B?doi=10.1.1.173.821andrep=rep1andtype=pdf
http://doi.org/10.7763/IJCTE.2014.V6.897
https://dergipark.org.tr/tr/pub/fmgted/issue/61510/882023
https://doi.org/10.1080/0950069042000323737
https://dergipark.org.tr/en/download/article-file/77514
https://files.eric.ed.gov/fulltext/ED503889.pdf
https://doi.org/10.1145/1180495.1180552
https://link.springer.com/content/pdf/10.1007/BF02504682.pdf
https://doi.org/10.1016/j.autcon.2012.11.021
http://doi.org/10.1007/s10956-014-9494-8
https://link.springer.com/content/pdf/10.1007/s11031-005-9440-4.pdf
https://link.springer.com/content/pdf/10.1023/A:1012976702296.pdf
https://doi.org/10.1016/j.compedu.2014.10.017
https://doi.org/10.1016/j.compedu.2013.02.014
https://doi.org/10.1016/S0883-0355(00)00051-3
http://doi.org/http:/dx.doi.org/10.1016/j.compedu.2012.10.024


74 Zeybek & Omurtak 

Yen, J.-C., Tsai, C.-H., & Wu, M. (2013). Augmented reality in the higher education: Students’ science concept 

learning and academic achievement in astronomy. Procedia - Social and Behavioral Sciences, 103, 

165–173. https://doi.org/10.1016/j.sbspro.2013.10.322 

Yıldırım, A., & Şimşek, H. (2018). Qualitative research methods in the social sciences [Sosyal bilimlerde nitel 

araştırma yöntemleri] (117h edt.). Seçkin Publishing. 

Yoon, S. A., Elinich, K., Wang, J. Steinmeier, C., & Tucker, S. (2012). Using augmented reality and 

knowledge-building scaffolds to improve learning in a science museum. International Journal of 

Computer-Supported Collaborative Learning, 7(4), 519-541. 

https://link.springer.com/article/10.1007/s11412-012-9156-x 

Zhang, J., Sung, Y.-T., Hou, H.-T. ve Chang, K.-E. (2014). The development and evaluation of an augmented 

reality-based armillary sphere for astronomical observation instruction. Computers and Education, 73, 

178–188. http://doi.org/10.1016/j.compedu.2014.01.00 

Zhu, W., Owen, C., Li, H. & Lee, J.-H. (2004), Personalized in-store e-commerce with PromoPad: an 

augmented reality shopping assistant. Electronic Journal for E-commerce Tools and Applications, 1(3), 

1-19. http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.83.8198&rep=rep1&type=pdf 

 

 

Author(s) Information 
Esra Omurtak 
Ministry of Education, Babaoğlu High School 

Karaman/Turkey 

Contact e-mail: esraomurtak@outlook.com 

ORCID iD: 0000-0002-1855-4824 

Gülçin Zeybek 
Karamanoğlu Mehmetbey University 

Karaman/Turkey 

Contact e-mail: gozkan80@hotmail.com 

ORCID iD: 0000-0002-5509-5129 

 

https://doi.org/10.1016/j.sbspro.2013.10.322
https://link.springer.com/article/10.1007/s11412-012-9156-x
http://doi.org/10.1016/j.compedu.2014.01.00



