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 This study aims to determine how effective science teaching with augmented 
reality-based teaching material (science cards) is compared to the science 
curriculum prescribed methods on students' academic achievement and their 
views on augmented reality application. As a study group, 63 students who were 
studying in a 7th grade in a secondary school in Antalya in the 2019-2020 
academic years were selected. Mixed research design was used in the research. 
In the quantitative side of the research, the control group and the experimental 
group who are taught using the augmented reality (science cards) were compared 
in terms of achievement. In the qualitative side on the other hand, interview and 
observation data were used. The results of the research have shown that while 
Augmented Reality (AR) applications increase students' achievement, contribute 
to the meaningful learning of abstract subjects, AR applications also increase the 
students' interest and motivation towards science lesson. 
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Introduction 

 
Augmented Reality, or AR for short, is a form of real-time and interactive experience created by enriching real-
world environmental elements using data such as computer-generated graphics, video, GPS, etc. A brand new 
type of experience is created by the adding of virtual images and graphics to real world images without leaving 
reality but instead, enriching it with the help of various software and hardware. In augmented reality 
applications, it is aimed to give the individual a virtual experience as if it were real in physical environment and 
in real time. A new environment is created by placing various virtual objects on the snapshot of the environment 
where the individual is located. The real environment is enriched by images, sounds, graphics and GPS data 
created in digital environment. This method can even be used to make the individuals in the environment be 
able to talk to objects (Aslan, 2017). The image created with augmented reality basically has three features. 
These features are as follows; merging of the real world with the virtual image, real time interaction of real and 
virtual objects and location of the image obtained in the three dimensional environment (Azuma, 1997; Wu, 
Lee, Chang, & Liang, 2013). Augmented reality provides information that is not normally detectable by the 
senses and cognitive process of humans to strengthen and enrich the reality (Azuma, 1999). Augmented reality, 
in its simplest definition, is "presenting computer produced digital objects together with real objects" (Uluyol & 
Eryilmaz, 2014). Learning environments supported by augmented reality, allow students to see 2D objects in 3D 
and to examine these objects from various perspectives, and to learn by doing-living. (Arvanitis, Petrou, Knight, 
Savas, Sotiriou, Gargalakos, & Gialouri , 2007; Wu, Lee, Chang, & Liang,  2013). AR technology attracts 
educators' attention with its ability to interact with virtual and real objects, providing learning by living and 
increasing attention and motivation (Singhal, Bagga, Goyal, & Saxena, 2012). Due to such advantages, studies 
on AR are increasing day by day. 
 
In their study, Çetinkaya and Akçay (2013) discussed the concept of augmented reality, its use in education and 
application examples. İbili and Şahin (2013) stated that the augmented reality-supported geometry teaching 
using their 3D geometry book software they created helped improving students' cognitive and affective skills. 
The teachers who participated in the study stated that the application increased their thinking skills such as 
making assumptions, generalizing and drawing conclusions and positively affected their interests and 
motivations. Avcı and Taşdemir (2019) have designed a visual and educational virtual and augmented reality 
(mixed) game for the periodic table subject with the Unity 3D game engine.  With the application, students 
learned the elements in the periodic table in an audible, visual and entertaining environment by experimenting as 
if they were in an experimental environment. On the other hand, thanks to the application, students who do not 
have a science laboratory in their schools have the opportunity to do activities. In addition, with the application, 
students experienced more impressive understanding processes in an interactive environment without being 
affected by the risks caused by the chemicals in the experimental environment.  
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Analyzing the use of augmented reality in education, it is seen that these applications contribute positively to the 
academic performance of students (Abdüsselam & Karal, 2012; Buluş Kırıkkaya, & Şentürk 2019; Chen & 
Wang, 2015; Farias & Dantas, 2011;  Patirupanusara, 2012), increase students' motivation for the class (Chiang, 
Yang, & Hwang, 2014; Di Serio, Ibáñez, & Kloos, 2012; İbili & Şahin, 2013; Sırakaya & Alsancak Sırakaya, 
2018) and make the learning process remarkable and effective (Avcı & Taşdemir, 2019; Farias & Dantas, 2011). 
 
 
The purpose and importance of the research 
 
In today's world, educational technologies are developing very rapidly and getting integrated into classroom 
environments. With each passing day, the interaction of students enrolling into the education system with 
technology increases compared to the previous generations. In order to meet the expectations of these students, 
their schools need to adapt to these technologies and meet the needs of the new generations. Traditional lessons, 
which are taught through the method of direct expression, weaken students' connection with the school and 
reduce their motivation. However, when the teaching process include course materials utilizing augmented 
reality technology, it is easier for students to obtain correct information, achieve better inferences and 
understand abstract concepts that are difficult to learn (Abdüsselam & Karal, 2012).  
 
In this research, in order to increase the value of students' learning and increase their interest and motivation 
towards science learning, AR application was implemented in the science class. Teaching a science subject with 
AR increases the importance of working in terms of science education. In this study, it is aimed for students to 
discover the structure and organelles of the cell in three dimensions by the augmented reality application. In line 
with this purpose, educational activities supported by AR technology (science cards) are designed for the subject 
of "Comparison of Plant and Animal Cells and Tasks of Cell Organelles" contained by the Cells and Divisions 
unit of the Science Class and it is aimed to reveal whether the AR technology increases the students motivation 
towards learning. For this purpose, the following questions are discussed: 
 
1. Is there a significant difference between the pretest scores of the experimental group to which  augmented 
reality (AR) method is applied and the control group where the science curriculum  prescribed method is 
applied? 
2. Is there a significant difference between the posttest scores of the experimental group to which the augmented 
reality (AR) method is applied and the control group to which the science curriculum prescribed method is 
applied? 
3. What are the opinions of students in the experimental group about the application of augmented reality (AR) 
method? 
 
 
Method  
 

Research Model 

 
This research was carried out with the mixed method. Mixed method research provides an alternative approach 
to the researcher in achieving the “depth and detail” where quantitative research methods lack and 
“generalization and prediction” where qualitative research methods lack (Yıldırım & Şimşek, 2013). Mixed 
research allows researchers to use both qualitative and quantitative approaches / methods in a single study 
(Cresswell and PlanoClark, 2014). In this study; convergent parallel design, which converges from mixed 
research designs is used. Qualitative and quantitative data, which are equally important in this research design, 
are collected together and analyzed separately (Creswell, 2011). In the last step, similarities and differences 
between quantitative and qualitative findings are compared and interpreted. Thus, it is aimed to have better 
results (Creswell & Piano Clark, 2011). In order to compare the academic achievement of the experimental 
group, in which the augmented reality (AR) application was applied in science education, and the preferred 
control group students of the science curriculum prescribed methods, an experimental with pretest-posttest 
control group was chosen. 
 
                                                      Table 1. Pattern of the study 

Group Before Application Method of Application After Application 
Experimental Pretest (Test1) Augmented Reality Posttest (Test1) 

Inteview 
Control Pretest (Test1) The science curriculum 

prescribed methods 
Posttest (Test1) 
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In order to support quantitative data, the opinions of students in the experimental group about the application 
were taken and the qualitative documents created during the application were used.  The study group of the 
study consists of 7th grade students studying in a secondary school in Antalya in the 2019-2020 academic years. 
A total of 63 students, 31 in the experimental group and 32 in the control group, participated in the study. The 
groups were appointed through impartial selections. 
 

Table 2. Number of students participating in the research 
Group Girls Boys Total 
Experimental Group 16 15 31 
Control Group 15 17 32 
Total 31 32 63 

  
                     

Process of conducting experimental processes 

 

This research was carried out with 7th grade students in a secondary school in Antalya. After determining the 
subject to be used in the experimental process of the research (Structure of Plant and Animal Cell, Cell 
Organelles), the AR application to be used on the subject was determined and the material (Science Cards) to be 
used during Augmented Reality application was provided on the internet. Experimental group students were 
informed about the application before the application. The application was conducted on both the experimental 
and the control groups by the same teacher. Three prospective science teachers participated in the applications 
as observers. While the subjects in the experimental group were taught using AR-based material, the same 
subjects in the control group were taught in two dimensions based on textbooks. During the four-week unit, AR 
applications are used in appropriate times for the experimental group. Photographs taken during the augmented 
reality application to the experimental group are shown in Figure 1. 
 

 

 
Figure 1. Examples of applications made by the experiment group students 
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Reliability and Validity of Data Collection Tools 

 

As data collection tools, an achievement test prepared for the science class, for “Cells and Divisions” unit, a 
semi-structured student interview form containing student views about the application and observer diaries were 
used. 
 

Achievement Test: A multiple-choice test of 20 questions is prepared in order to be taken by the experimental 
and control groups to measure the achievements concerning the 7th grade unit of Cells and Divisions. The test 
was prepared to cover all the achievements of the unit. Thus, the content validity of the test was ensured. A total 
of seven experts, two science education academics and five experienced science teachers, were consulted on 
subjects such as whether the test was sufficient to measure the achievements of the unit, there was any errors 
and the questions were expressed clearly. The questions were revised in line with the opinions of the experts. 
The final version of the test was solved by two 7th grade students and feedback was received from the students 
on whether they understood the questions. In line with the feedback received from the students regarding the 
final version of the test, very minor revisions were made and the test was finalized. The final version of the test 
was applied to an 8th grade student group of 200 students in another school. KR-20 reliability coefficient of the 
achievement test was measured to be 0.82. 
 
Interview Form: During the process of preparation of the student interview form, as a result of review of the 
relevant literature, open-ended questions were asked in order to get the opinions of the experimental group 
students. This prepared form was revised in line with the feedback received from 2 field experts. In order to 
determine whether the questions in the form were clearly understood, they were asked to two 7th grade students 
before taking their final forms. These questions were directed to the students in the experimental group.    
  
Observation Form: An observation form that draws attention to the main points of the application has been 
prepared for prospective science teachers who go to schools for observation. Prospective teachers were asked to 
learn the concepts of the AR application by considering the items in this form, to observe the students' interest in 
the course and the main topics of the teacher's process of performing the AR application, and to write their 
observations in each lesson under the item in the form.  
     
  
Data Collection Process: 
 
Before the application started, an achievement test was prepared in accordance with the student levels and 
achievements. The prepared achievement test was applied to both experimental and control group students as a 
pretest before the research. After completing the lessons with the AR applications in the experimental group and 
with the science curriculum prescribed method for the control group, the achievement test prepared was applied 
as a post-test. In order to reinforce the quantitative data, while the opinions of the teacher and the experimental 
group students about AR application were taken, the observations of the teacher candidates were used during the 
process.  
 

 

Data Analysis  
 

Analysis of quantitative data 
 
In this research, quantitative data were obtained with the achievement test prepared for the subject at hand. The 
data of the research were analyzed with the t test and ANOVA test. 
  
 
Analysis of qualitative data 
 
Descriptive analysis and content analysis techniques were used in the analysis of qualitative findings. For the 
qualitative data to be collected in descriptive analysis, the main framework was determined depending on the 
research problem, and after making the relevant inferences from the data, direct quotations from the interview 
and observation data were made. The inference made from the data collected during the descriptive analysis 
phase is reinforced with direct quotations. At the content analysis stage, the qualitative data collected were 
merged under certain categories. At this stage, the main themes determined based on the categories for 
qualitative analysis are included. Analyzes were made under these main themes, and were supported by 
quotations from the descriptive analysis (Yıldırım and Şimşek, 2013). 
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Findings 
 
In this section, quantitative and qualitative findings are given under separate topics.  
 

 

Quantitative Findings 

 

When Table3 is analyzed, it is seen that the average score of the students in the experimental group of the 
research is 36.12 as the control group students' is 34.06. The statistical significance of the difference between 
the mean scores of the groups was calculated with the independent t test. In the pretest application of the 
achievement test of both groups, the difference between the scores of the groups were seemed not to be 
statistically significant (p> 0.05).  
 

Table 3.  Results of pretest mean scores of the groups with independent t test 
Groups N Mean S.D. t p 
Experimental 31 36.12 15.36 ,587 0.559 Control 32 34.06 12.47 

 
After the application, the academic achievement test was re-applied as a post-test to the control and 
experimental groups. Analysis results related to the post-test results of the groups are given in Table4. When 
Table4 is analyzed, it is seen that the average score of the students in the experimental group of the research is 
77.41 as the control group students' is 64.21. The statistical significance of the difference between the mean 
scores of the control and experimental groups was calculated with the independent t test. In the posttest 
application of the achievement test of both experimental and control groups, the difference between the scores 
of the groups were seemed to be statistically significant and in favor of the experimental group (p< 0.05). 

 
Table 4. Results of posttest mean scores of the groups with independent t test 

Groups N Mean S.D. t p 
Experimental 31 77.41 21.71 2,131 0.037 Control 32 64.21 27.06 

 
 
Qualitative findings 

 
After analyzing the qualitative data through content analysis, two main themes were determined. These themes 
are: the effect of augmented reality teaching material on the cognitive domain and the effect of augmented 
reality teaching material on the affective domain. These two main themes are categorized as:  
 
1- Cognitive domain, and  2-Affective domain.  Other sub-themes identified are presented in paragraphs within 
these main themes. 
 

 
Figure 2. Examples of AR applications where two dimensional images appear in three dimensions 
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Cognitive Domain 
 
The Cognitive Domain theme contains findings that support the quantitative findings of the research. Findings 
of quantitative dimension show that AR application positively affects students' learning on the cognitive 
domain. The qualitative findings collected in the research also support this result. The data collected in this 
section demonstrates AR application; 1-objectifies abstract subjects, 2-provides meaningful learning. 
 

 

Abstract-Concrete 
 
Students included in the AR application had the opportunity to view the cell and its organelles that they had 
previously seen from the books in the two dimensional form in a three dimensional form using their cell phones. 
According to the development stages of Piaget, it is more convenient for the 7th grade students, who are at the 
border of the concrete and abstract processes, to comprehend the concrete learning more easily in accordance 
with their development levels. Seeing the cells and their organelles in three dimensions instead of two 
dimensions made it possible for students to see that an abstract concept has become concrete and made it easier 
to learn. Figure 2 shows students observing two dimensional drawings in a three dimensional form. Student A's 
opinion on this matter is as follows: 
 
 Student A: ...Seeing two dimensional pictures on the book, I had never thought about organelles 
 positions within the cell. I thought I was supposed to learn them as they were shown in the book. But 
 when I displayed the cards with my cellphone, I saw the organelles come to life. They could move in 
 3D just like they were real. Now I think I understand the organelles much better. I can still see their 
 images as I saw them on my cell phone. They were beautiful. 
 
The notes of Observer A on this subject also support this finding. 
 
 Observer A:...Students looked really excited when we moved on to the AR application previous week. 
 It completely changed the vibe during the class. Everyone checked the cell and its organelles using 
 their cell phones. Everyone checked all the cards one by one without the teacher having to tell them to 
 do so. In this class, the teacher asked questions that measure whether cells and organelles are learned. 
 Almost all of the students who spoke gave correct answers. There were students trying to describe and 
 visualize organelles in a three dimensional form (09.10.2019).  
 
 
Meaningful learning 
 

It is seen that the students' participation in the learning activity with AR provides them to learn the abstract of 
cells and organelles, which is an abstract subject. Students have found themselves successful in solving 
questions about cells and organelles not only in post-test but also in other exams. They were able to adapt what 
they learned to other problematic situations. Student B's opinion on this matter is as follows:  
 
 Student B:...Seeing the three-dimensional image of organelles and examining them allowed me to do 
 questions about organelle forms in exams easily. 
 
 Student C: … I think I have learned the subject thoroughly. It was much better than reading from the 
 book or just listening to the teacher talking about the subject. 
 
Observation notes of Observer B also support these findings. 
 
 Observer B: ... After the implementation of AR, students were very successful in solving the end of unit 
 tests. It is understood that the activity helped students learn meaningfully. Students can solve different 
 tests. They can solve different questions based on what they have learned (10.10.2019).  
 
 
Affective Domain 
 
Augmented reality practices have increased the motivation of the students towards the lesson and caused them 
to be interested in the lesson.  The views of students A, B and C in this regard are given below. 
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Figure 3. Examples showing students' interest in AR implementation 

 

 Student A:...I wish we used augmented reality applications in our new subjects, the lesson was very 
 enjoyable. 
 
 Student B:... It was a nice activity, I had a lot of fun and followed the lessons without getting bored. 
 
 Student C: A remarkable and pleasant application that I have encountered for the first time. It helped 
 me follow the lesson better. 
 
Observation notes of Observers A and B also support these findings. 
 
 Observer A: ...Students seem very lively even before the teacher came to the class. They are excitedly 
 waiting to use their phones. They are waiting for the class to start all motivated after experiencing the 
 previous lesson (17.10.2019). 
 
 Observer B: ...Students are very happy during the course. The classroom is a bit noisy, obviously. 
 Those who see the image on the phone are extremely happy (23.10.2019).  
 
 
Discussion 
 
In this research, it has been revealed that AR applications increase the academic achievement of students. This 
result of the study coincides with the conclusion that the augmented reality applications applied in the 
experimental group in teaching the subject of Solar System and beyond in the 7th grade science course of 
Kırıkkaya and Şentürk (2019) positively affect the academic success. It also coincides the results of studies 
conducted by Akçayır & Akçayır (2017), Buluş, Kırıkkaya & Şentürk (2019), Perez-Lopez & Contero (2013), 
students gain better learning outcomes about the subject in the learning environment supported by AR 
applications. 
 
In the study, it is observed that AR applications contribute to students learning by objectifying abstract subjects. 
Perez-Lopez and Contero (2013) stated that in their research with primary school students, augmented reality 
practices enable more effective learning compared to traditional environments in subjects of digestion and 
circulatory systems. The conclusion of Perez-Lopez and Contero (2013) is similar to the conclusion of this study 
that AR practices contribute to the meaningful learning of abstract subjects.  
 
Another result revealed in the research is that AR applications increase students' interest and motivation towards 
science classes. In recent years, virtual and augmented reality practices are seen as effective course material 
used in learning environments (Akçayır & Akçayır, 2017; Buluş, Kırıkkaya & Şentürk, 2019; Billinghurst, 
2002; Chiang, Yang & Hwang, 2014; Korucu, Usta & Yavuzaslan, 2016; Yalçın Çelik, 2019). Researches, 
similar to this research result, indicate that students are more willing, happy and excited during the lesson in 
learning environments supported by AR applications (Avcı & Taşdemir 2019; Chiang et al., 2014; Delello, 
2014; Furió et al., 2015) and actively participate in the classes (Delello, 2014; Estapa abd Nadolyn, 2015; 
Gopalan, Zulkifli & Bakar, 2016). 
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Conclusion and Recommendations 

 
When the quantitative and qualitative data of the research are combined, it is observed that AR application 
positively affects students' achievement. In addition to the statistical results, qualitative findings show that 
education with AG contributes to students learning abstract subjects even though they are in the concrete 
operations period. At the same time, students were able to adapt what they learned to other situations. This 
shows that students can learn an abstract subject meaningfully with AR. Another conclusion that can be drawn 
from the qualitative findings of the research is that AR application has increased students' interest and 
motivation towards the classes. 
 
Considering the results obtained from the study, the suggestions to be given for future research can be sorted as 
follows; Moving from the result that AR has a positive effect on students' motivation to learn science, studies 
can be conducted to develop learning materials prepared with AR technology for science education. It is a good 
idea to encourage teachers for using such methods in order to make the AR technology more commonly-used. 
In-service trainings can be organized for teachers to prepare and use these applications. The results to be 
obtained by repeating this research conducted with secondary school students at different educational levels can 
be compared. Studies can be done on the effective planning of the integration of AG technology into the training 
process. 
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