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Abstract
Effective usage of augmented reality(AR) depends on good integration into the learning 
environment. Based on a qualitative research approach, this study investigates the effects of using 
AR technologies in science education to support the effective use of AR. Students’ experiences of 
AR were gathered using a prepared questionnaire form. Within the scope of science education, 
AR was used in a university-level chemistry course. Using theme analysis, descriptive themes 
were created by analyzing the content of completed questionnaires in written texts. Descriptive 
expressions obtained from the written text were determined by free coding. These codes were then 
matched with appropriate themes and illustrated in the form of branched trees. The study results 
demonstrated that AR is an optimal tool for teaching abstract subjects that do not feature direct 
observation and examination in science education. Students also have positive opinions about the 
use of AR in other courses in science education. Another important result from this study revealed 
that AR software interfaces require improvements to be suitable as teaching material. In addition, 
several recommendations have been presented for the better integration of AR into the learning 
environment.
Keywords: Augmented reality, Science education, Higher education, Student perception

Introduction
 Internet (information and communication) technologies have changed our 
daily lives and, in the 21st century, are considered up-and-coming tools for 
improving education (Salmi, et al., 2017). However, it is necessary to develop 
augmented reality (AR) technology in the field of education by conducting new 
research (Dalim, et al., 2017). AR is also a growing area of interest for promoting 
inclusive learning (Bacca, et al., 2014). Students have expressed that AR allows 
them to learn in an easier and more fun way (Toledo-Morales & Sanchez-Garcia, 
2018). There has recently been an increasing number of publications on the use 
of AR in education (Dalim, et al., 2017), and both effective and ineffective 
dimensions have been identified. The former include increased understanding 
of subject content and increased student motivation, while the latter include 
ineffectual classroom integration and learner differences (Radu, 2014). With 
new technological developments, the utility of AR technology should improve 
and research should provide more insights into its effective application in the 
field of education shortly (Akçayır & Akçayır, 2017). 
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Definition of Augmented Reality
 AR has been used in various fields from past 
to present, including the training of pilots, medical 
education, and engineering, among others. (Akçayır, 
et al., 2016). In the broadest terms, AR can be defined 
as a computer-generated image that overlays virtual 
objects (augmented components) into the real world 
(Akçayır & Akçayır, 2017; Dalim, et al., 2017) by 
using a display device in a real-world environment 
(Huang, et al., 2016). Such technology works 
interactively and in real-time (Javornik, 2016). 
 Another technology in which real and virtual 
environments are used is virtual reality (VR), although 
VR adopts completely different approaches. The 
main difference is that AR uses virtual knowledge 
to develop the real world while viruses the elements 
of the real world to create virtual environments 
(Dalim, et al., 2017). Despite this difference, both 
aim to enhance the personal sensorial environment 
(Gandolfi, 2018).
 Some researchers have also described mixed/
merged reality (MR) (McMillan, et al., 2017), which 
differs somewhat from AR and VR. For example, 
Intel has developed a virtual reality headset, 
described as a “merged reality” device, that allows 
nearby objects from the real world to be integrated 
into a new computer-generated view (Intel, 2016). 
However, both AR and MR use the same image 
source, environment, display devices, perspective, 
and presence; they differ in terms of awareness 
(McMillan, et al., 2017). In AR, virtual objects can 
be identified by their nature and behavior, while in 
MR, it is not possible to distinguish the smoothly 
rendered virtual objects from real objects.

Types of AR Technology
 Today, there are five different types of AR 
technology: projection-based, recognition-based, 
location-based, outlining, and superimposition-
based. Projection-based AR technology is anchored 
in advanced projection technology, which simplifies 
the complex hands-on tasks of a company’s 
manufacturing and training operations (Ryznar, 
2019). Recognition-based AR is used for object 
recognition and provided more information about 
the given object (digit, 2019). For instance, when 
shopping, people may use their mobile phones 

to scan barcodes or QR codes to acquire more 
information on a product. This technology provides 
mobile phone camera recognition of special signs 
and then acquires information via the internet. As 
the name implies, location-based AR is a technology 
designed for use in a specifically designated area, for 
example, in schools or other surroundings (Wu, et 
al., 2013). It benefits learners by bringing a sense of 
authenticity (Wu, et al., 2013). Outlining AR uses an 
object recognition camera and technology similar to 
projection-based AR (greet, 2019). While the human 
eye is the best camera, it has some limitations. For 
example, it cannot see infrared lights, and in low 
light conditions, it does not see clearly and cannot 
see far away objects. Therefore, special cameras 
have been designed for such cases (digit, 2019). 
For instance, some new car models feature a heads-
up display (HUD) that the driver uses to obtain 
more information on the dashboard while driving. 
Super imposition-based AR uses object recognition 
technology, making it possible to replace an entire 
object or part thereof with an augmented view (greet, 
2019). Superimposing a real object with its internal 
view may help in education; for instance, it can study 
bone structure in anatomy (digit, 2019).
 While in principle, AR varieties have similar 
characteristics, different types of technological 
infrastructure and usage areas require diverse types 
of AR. For example, the fields of engineering, 
health, education, and training each has their unique 
problems; thus, ARs with different technological 
infrastructures must solve them. In the education 
field, two types of AR are used predominantly: 
recognition-(marker) based and location-based 
(Fleck, et al., 2015; Hanafi, et al., 2016; Huang, et al., 
2016; Kamarainen, et al., 2018; Lisabeth & Helen, 
2017; Nielsen, et al., 2016; Nikou & Economides, 
2016; Yoon, et al., 2017; Zainuddin, et al., 2016). 
In addition, these studies demonstrate that, in 
the education field, AR technology uses mobile 
technology and suitable software and the applications 
of AR research can now be found on both mobile and 
non-mobile devices (Bacca, et al., 2014). However, 
mobile technologies (particularly mobile phones) are 
used more than non-mobile devices in education.
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Some Studies on AR
 Different kinds of academic studies have been 
conducted worldwide on the use of AR, one of 
the developing new technologies in education and 
training. Some of these are as follows. In science 
education, AR has been used to teach nature’s 
invisible physics forces (Andersson, et al., 2016); in 
dental education, for clinical training (Dutã, et al., 
2011); and in K-12 schools, to teach astronomical 
concepts (Fleck, et al., 2015). Other research on 
AR has examined its use to improve undergraduate 
students’ learning (Hanafi, et al., 2016), to create a 
reality-based experimental learning environment 
(Huang, et al., 2016), to demonstrate the effects 
on consumer behavior (Javornik, 2016), to provide 
abstract-concept learning in math education (Li, et 
al., 2017), to visualize abstract concepts for science 
education (Andersson, et al., 2016), to promote 
collaborative and autonomous learning in higher 
education (Martín-Gutiérrez, et al., 2015), to improve 
outdoor educational activity (Nikou & Economides, 
2016), to teach the English alphabet to kindergarten 
children (Safar, et al., 2017), to explore motivational 
and cognitive aspects related to AR in an informal 
learning context (Salmi, et al., 2017), to implement 
a place-based augmented reality game (Squire & Jan 
2007), and to provide a conceptual understanding of 
challenging science content (Yoon, et al., 2017). As 
can be seen, AR is just starting to break out of its 
infancy with new research and has begun to provide 
a new perspective to learning in different disciplines. 
AR is coming to be used increasingly more in the 
educational setting; however, considering that each 
discipline has its specific learning and teaching 
activities, new studies are needed for all disciplines, 
especially in science education, which will be 
discussed in more detail in the next section.

Research Purpose
 AR technology continues to be integrated 
into our lives worldwide. However, to improve 
such integration in certain areas, it is important to 
implement new academic studies. For example, there 
is a lack of research on AR and education, particularly 
in science education. Cheng and Tsai (2013) noted 
that AR has the potential for pedagogical applications, 
but it is still in its infancy in science education. AR 

offers new learning opportunities, but it also creates 
new challenges for educators (Wu, et al., 2013). 
To solve these challenges and foster much more 
effective learning, it is important to take students’ 
experiences into consideration. Special AR system 
designs based on users’ needs are important (Garzón, 
et al., 2017) because user experience helps promote 
acceptance and adoption. User experience also 
aids in developing AR technology for educational 
purposes by helping to define appropriate tools and 
the proper integration of learning objectives (Arifin, 
et al., 2018). Considering that each learning and 
teaching area, including science education, has its 
characteristics and needs, it can be said that it is 
essential to integrate AR in ways specific to each 
field of education.
 Science education can be divided into physics, 
chemistry, and biology topics, including abstract 
subjects such as the “periodic table and properties 
of the elements” in chemistry. In this subject, it is 
not possible for students to interact directly with 
the learning situation (using sight, touch, hearing, 
etc.). Still, they are required instead to reach abstract 
conclusions by thinking through abstract concepts. 
This makes it difficult to learn and configure 
new information in science education. To date, 
laboratories have been important places where 
students can interact directly with science situations. 
Laboratories develop individual experiences, provide 
an understanding of scientific facts and concepts, 
develop students’ ability to identify questions and 
concepts, allow students to learn how to use the tools 
and rules of science, help students to understand 
the values and assumptions required to develop and 
interpret scientific knowledge,and develop students’ 
ability to collaborate effectively with others in 
performing special tasks (Singer, et al., 2006). 
 However, advancing technologies have now 
begun introducing a new dimension to science 
education through online or virtual laboratories. A 
virtual lab is an online lab that can be accessed from 
many locations and at any time without being tied 
to a specific building (Salihbegovic & Ribic, 2008). 
Virtual labs are software simulations that can help 
students to visualize complex relationships during 
classroom teaching or individual learning at home 
(Salihbegovic & Ribic, 2008). Virtual and remote 
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labs reduce the costs associated with conventional 
hands-on labs as they require no special laboratory 
equipment or materials. They also increase safety 
as they do not require dangerous experimentation 
(Heradio, et al., 2016).
 Furthermore, while a limited number of people 
can work in physical laboratories, many people 
can work simultaneously in virtual laboratories 
(Kratzke, 2012). These advantages mean that virtual 
laboratories have begun to gain importance in 
science education and seem to have replaced physical 
laboratories to some extent. Nevertheless, physical 
laboratories remain important and are still the best 
way to acquire hands-on experience in operating 
laboratory devices and conducting experiments 
(Salihbegovic & Ribic, 2008). Some researchers 
have even decried to switch from real to completely 
virtual laboratories in science education (Akçayır, 
et al., 2016). In real laboratories, students engage 
in a hands-on activity, which “increase[s] learning, 
increase[s] motivation to learn, [and] increase[s] 
enjoyment of learning, independent learning and 
decision-making, and advanced communication 
skills” (Haury & Rillero, 1994). Moreover, in real 
laboratories, students work in teams with tutorial 
help from their teacher (Salihbegovic & Ribic, 2008). 
 Both physical and virtual laboratories have 
their unique strengths and weaknesses, though, by 
comparison, AR can be said to be more effective in 
certain regards. With AR, students can work with 
virtual images, then work with real samples and carry 
out experiments in a physical environment when 
needed. Positive results are being obtained for the 
use of AR in science teaching. Using AR technology 
increases students’ laboratory skills and their 
positive attitudes towards the physical laboratory 
(Akçayır, et al., 2016). Moreover, it affords students 
the opportunity to use and display multi-dimensional 
content that is not visible or is difficult to show in 
a classroom environment (MacCallum & Jamieson, 
2017).
 Today, the interactive learning environment 
provided by AR technology can improve learning 
structure. Thus, the purpose of this study is to provide 
an in-depth investigation of students’ experiences 
using AR in science education. Users’ expectations 
are required to determine the acceptance of this 

technology in the field of education and to ensure 
appropriate interaction (Dalim, et al., 2017). However, 
users’ experiences are often overlooked in AR 
applications, and there are no measurement standards 
for user experiences of the effective application of 
AR in education (Arifin, et al., 2018). As a result 
of a literature review, Akçayır and Akçayır (2017) 
emphasized that in future academic studies, learners 
views and preferences should be determined to use 
AR more effectively in the learning environment. 
The results obtained from the studies in this literature 
review guide solving problems in teaching design. 
Additionally, these results contribute to developing 
the principles of the AR teaching model design (Wu, 
et al., 2013) and provide more evidence regarding 
how to best design and organize such learning 
activities (Tomara & Gouscos, 2014). Field research 
is also required to enable educators to use the most 
suitable applications (Wang, et al., 2018).
 Within this context, the research questions 
addressed by this study are as follows:
 First, we investigate different and useful AR in 
science education compared to traditional teaching 
(without AR) in the classroom and ask: (1) What 
differences does AR use bring to the science learning 
environment?
 Second, to determine the use of AR in the right 
place and right learning area, we examine which 
lessons and subjects benefit from AR use and ask:  
(2) Which courses and what kind of subjects are 
suitable for AR use?
 Third, to use AR effectively, software, hardware, 
and user dimensions must be considered. Thus, we 
ask: (3) What are students’ suggestions for effective 
use of AR?
 Finally, to make a general evaluation after AR 
application, the strongest and weakest aspects were 
examined with the following question: (4) What is 
the effectiveness of AR in science teaching?
 It is hoped that the results of this study will help 
design a set of instructional patterns and design 
principles for AR environments to resolve issues 
involved in instructional design in science education. 
The study results will provide support for the effective 
use of AG, one of the new technologies being used to 
create an improved learning environment in science 
education.
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Method
 This study adopted a qualitative research 
approach, which focuses on social phenomena and 
uncovers the feelings and perceptions of participants 
(Lodico, et al., 2006). In this approach, qualitative 
interviews are used to elicit in-depth knowledge 
from participants regarding particular phenomena, 
experiences, or sets of experiences (Demarais, 
2004). To procure students’ experiences based on 
AR application, a questionnaire form was used to 
collect data, while thematic analysis was used to 
analyze that data. More detailed information on the 
methodology is provided below.

Participants
 The participants constituted students from the 
Department of Science Education at the Education 
Faculty in eastern Turkey. The study was carried out 
in a class of 42 students enrolled in the department’s 
chemistry course. Since the study’s focus was on 
using AR in science teaching, suitable science 
courses were examined. When the subject content, 
physical laboratory facilities, and necessary internet 
infrastructure facilities were taken into consideration, 
it was decided that the chemistry course was the 
most appropriate. However, only 37 students (27 
female, 10 male aged 18-24) attended regularly. All 
students enrolled in the course were subject to the AR 
application, but opinions on implementation were 
taken voluntarily. All of the 37 regularly attending 
students expressed their opinions.

Data Collection and Data Collection Tools
 A self-developed instrument was used to gather 
students’ experiences with AR. Such instruments 
have been used in the past to gather the perceptions 
of a specific setting or group of participants on 
current educational issues (Lodico, et al., 2006).
 A prepared questionnaire form was used to 
collect data. In terms of design, questionnaires 
can be more or less structured,and it is important 
to give respondents the freedom to share their 
thoughts (Coolican, 1999). Therefore, in this study, 
a structured but open-ended questionnaire form was 
used, giving students the freedom to answer but 
guided by eight specific open-ended questions: (1) 
What was the most effective aspect of the course 

that applied AR? (2) What was the least effective 
aspect of the course that applied AR? (3) In the 
future, what suggestions do you have for students 
who take a course that includes an AR practice? (4) 
What are your suggestions for a better AR practice? 
(5) If you compare the lesson that applied AR with 
other lectures, what is the most important difference? 
(6) In what other courses would you like to use 
AR? (7) Concerning the previous question, why 
did you select those lectures or courses? (8) If you 
have anything that you would like to share, write as 
you wish. The digital version of the questionnaire 
was then uploaded to the internet, and the students 
responded using their mobile phones or computers. 
Data were collected at the end of the test course 
in one round. Thematic analysis, classified under 
qualitative descriptive design (Vaismoradi, et al., 
2016), was used to analyze the data. There is no 
fixed path for thematic analysis when reading data 
in the form of written text(Braun & Clarke, 2006). 
Inductive or theoretical thematic analysis can be 
used depending on the research purpose. Since this 
study is a descriptive study based on student opinions 
about AR application, there was no particular 
theoretical background. Therefore, an inductive 
analysis technique was chosen. First, the statements 
given for each question were classified through free 
coding. After all the coding was complete, themes 
were inductively determined. Finally, each theme 
and related codes were visualized in a branched-tree 
view. Nvivo PC software was used in every step of 
the data analysis.

Implementation Procedure
 Previous studies have shown that mobile phones 
and more stable software are preferred for use in 
learning environments (Akçayır & Akçayır, 2017). 
A further advantage is that most students have their 
smartphones, thus avoiding extra costs for special 
equipment. AR is rapidly becoming more powerful 
and less expensive due to its availability on mobile 
devices (Craig, 2013). For this reason, mobile phones 
and science-related software were selected for use in 
this study.
 The Elements 4D mobile application was used 
to create AR. This application works on any mobile 
device that has a camera and internet connectivity. 
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Before commencing the lesson, all students installed 
the mobile application on their mobile phones, and 
the teacher checked the internet connectivity of all 
phones. Students could use their mobile internet 
connection or the free Wi-Fi network provided in 
class if they did not have or want to use their mobile 
data packages.
 The laboratory classroom was used for the AR 
instruction. Laboratory classes are specifically 
designed for students to work individually or in 
teams, and seating positions can be changed if 
required.
 This study was conducted within the context 
of the General Chemistry I course, an atheoretical 
course that is taught for four class hours per week in a 
science laboratory under the control of an instructor, 
who offers guidance and assistance when students 
need it. In laboratory activities, students conduct 
experiments in groups of three or four. No criteria 
were used to create student groups, and students 
were allowed to form groups freely. They could use 
the AR objects either individually or with their group 
(see Fig. 1).

Figure 1: Sample Pictures from Student Studies

 The application used a specific topic in general 
chemistry (Periodic Properties of the Elements). 
Students learn to classify matter, explain the 
electronic structure of the atom, construct electron 
configurations in the atom, and describe the periodic 
properties of elements. The application was planned 
for five weeks. In the first week, the course software 
was introduced to the students, and three-dimensional 
objects were prepared that were integrated with the 
software. The students used AR applications in the 
laboratory through their own mobile devices. If 
for any reason, there was a technical problem with 
a student’s phone, they used the phones of other 
members of their group (see Fig.2). The application 
was performed for the next three weeks, and then, 
in the final week, students’ views were collected 
through specific questionnaire forms.
 In each lesson, the teacher used an AR application 
that followed the sequence described in Fig.2 below.

Figure 2: Lesson plan

AR Material
 Recognition-based was used in this application, 
and three-dimensional cardboard objects were 
prepared for use (see Fig.3). These objects had 
markers and symbols on all surface areas and worked 
with special mobile phone software that used the 
phone camera to recognize the special symbols on 
the surfaces. Moreover, students could see all the 
chemical elements in AR. The mobile phone app 
also had some specific features, allowing students to 
open and close the information about the chemical 
element on the screen.

AR Object
 

AR Visualization
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Results
 User experience is important for the effective 
use of AR in education. It provides further evidence 
about how to best design and organize learning 
activities and apply the right pedagogy. Therefore, 
in the present study, students’ opinions on user 
experience were divided into four special themes, 
further conceptualized by nodes and sub-nodes, with 
some nodes occurring under more than one theme. 
The purpose of presenting the findings in this way 
is to demonstrate the situation as descriptively as 
possible. After all the themes have been presented, 
the overall presentation of findings is summarized at 
the end of the section.

First Theme: Dimensions
 This theme includes two nodes and 11 sub-nodes. 
Under the “different dimension” node, there are six 
sub-nodes that were referenced 13 times in total. 
The node “remarkable” was the most commonly 
referenced by students, demonstrating that “different 
dimensions” of AR are remarkable, depending on 
other teaching materials. As shown in Fig.4, AR is 
effective in the constructive learning environment and 
provides versatile information. Another important 
point is that AR presents a new way of conducting an 
experiment in science education. Students expressed 
that AR is suitable for the new century and provides 
up-to-date information in a factually connected way, 
not just abstractly.
 The students also observed that AR could be very 
useful. The most useful dimension is “learning by 
doing,” which students referenced nine times. While 
learning can occur in many different environments, 
the students considered the most beneficial aspect of 
AR to be the opportunity to learn by experience. At 
the same time, the second most useful dimension is 
“reality.”For example, the atom and its structure are 
abstract phenomena that cannot be observed directly. 
However, since AR allows these phenomena to 
be observed, the students consider it useful in 
demonstrating reality. As a part of learning by 
doing, students also stated that AR is very useful 
in allowing active participation in the course by 
observing experiments or investigating activities.

Figure 4: Dimensions

Second Theme: Suggestions for Courses
 As shown in Fig. 5, following the application 
of AR in chemistry class, students expressed 
their opinions about which courses (e.g., history, 
geography) should integrate AR in the future and 
why. In response, students stated that AR should 
be used in all courses and laboratories, particularly 
in biology and biology laboratory, astronomy, 
chemistry, geography, history, and physics courses. 
These courses are difficult to understand, contain 
abstract subjects, and are more suitable for AR. 
Regarding biology and biology laboratory, they 
shared the idea that AR could be used as a microscope 
and would be effective in analyzing living things. 
Regarding history, they noted that AR would allow 
history to be experienced in a living way. 

Figure 5: Suggested courses

Third Theme: Suggestions
 Students shared their suggestions under the two 
sub-nodes, “improvement of AR” and “suggestions 
for future users.”Since these ideas were to develop 
and use AR more effectively, their top priority 
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was related to the software (referenced six times), 
with students suggesting new features that could 
be added to it. Time management was the second 
most important concern specified by students. Other 
important aspects are shown in Fig. 6.

Figure 6: Suggestions

 The students then presented some general 
recommendations for future students using this 
practice, including course attendance, listening to the 
course carefully, and preparing for the course. All 
recommendations are shown in Fig. 6.

Fourth Theme: Effectiveness
 As shown in Fig. 7, three strengths and four 
weaknesses of AR were identified. Among the 
strengths of AR, “reality” was the point most 
emphasized by students and upon which almost all 
students agreed. The second strength of AR is to 
provide learning by doing. Furthermore, although 
this aspect was only expressed by one student, the 
interaction seems to be one of the most effective 
aspects of AR.

Figure 7: Effectiveness of AR

 When considering the weaknesses of AR, students 
most often cited “lack of time” spent in AR sessions 
(in other words, the individual AR sessions were too 
short)as negatively impacting AR’s effectiveness 
(Fig. 7). The other three least effective dimensions 
related to AR software: software development, 
software language, and visual-theoretical syncing. 

As seen in Fig.7, of these four dimensions, lack of 
time is the most critical problem to be solved to 
ensure optimally effective AR-supported learning in 
science education.

Discussion
 When evaluating students’ views about the 
effectiveness of AR use in science education 
in general, the findings fell under the following 
headings:

AR-Based Learning Environments in Science 
Education
 The use of AR in science education makes a 
significant difference (Fig.4, node: remarkable). 
To determine the reason for this difference, when 
students’ opinions are examined, it can be observed 
that AR application provides a new perspective on 
the experimental activities performed in laboratories, 
which hold an important place in science education 
(Fig.4, node: application and experiments). Normally, 
students can use visual tools such as pictures, videos, 
or animation to learn about the physical structure 
and properties of a chemical element. However, the 
ability to examine with these tools is limited. On 
the other hand, using AR, it is possible to examine 
the physical structure of each element in 3-D, to 
compare it with other elements, and be guided by 
the information seen on the mobile phone screen. 
AR provides a unique path of discovery through a 
real-life symbiosis between technology and learning 
(Wang, et al., 2018). The idea that “AR provides 
factual life-connected info” (Fig.4, node: factual life-
connected info) and “provides versatile information” 
(Fig.4, node: providing versatile information) 
supports that situation. Iftene and Trandabăț (2018) 
found a similar situation in their research. They 
stated that both teachers and students agreed that the 
lessons were more attractive when was used. AR also 
supports the teacher to better present new subject 
content, while students welcomed the visual material 
support provided by AR (Akçayır, et al., 2016).
 In science education, laboratories are used 
for different purposes, including supporting the 
content and concepts taught in lectures, learning to 
conduct research, learning to conduct measurements, 
motivating students, & appreciating the experimental 
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nature of science (Berg, 1997). AR provides a 
strikingly different perspective for laboratories, 
which students considered remarkable, by providing 
the opportunity to conduct a real-life investigation & 
experimental activities provide versatile information. 
 The most important contribution of AR in the 
learning environment is that it offers a learning 
experience by doing (Figs. 4 and 7, node: learning 
by doing) as in laboratories. This allows students to 
observe abstract concepts (Fig. 4, node: observation 
possibility) such as elements and their properties. 
Increasing involvement in learning is based on 
providing students with opportunities to select their 
methods and pace of learning (Dembo & Eaton, 
1997). At this point, it is important to provide 
active participation in the course. In this context, 
students’ opinions (Fig. 4, node: active participation) 
suggest that AR supports the active participation of 
students, which is difficult to achieve, particularly 
considering that higher education students come 
from different provinces and different backgrounds 
(Norton, 2007). In addition to active participation, 
AR is also effective in fostering interaction among 
students (Fig. 7, node: interaction). The learner is at 
the center,and non-directive teaching is an important 
consideration for his/her knowledge. It is important 
for students to interact with other people to configure 
their information (Joyce, et al., 2009). In addition 
to all these positive effects, this study revealed that 
the most important contribution of AR to science 
education is reality (Figs. 4 and 7, node: reality), 
which is an important factor in the structuring of 
learning. It is important for the learning environment 
to interact as much as possible with the real situation 
so that information can be structured and recalled 
more easily.
 For information to be recalled a day later, 
the effect order is at least as much as follows:  
(1) verbal processing 5-10% (lecture, reading),  
(2) verbal and visual processing 20-50% (audiovisual, 
demonstration, discussion group), and (3) doing 75-
90% (practice by doing, immediate use of learning)
(Sousa, 2006). In this context, it is vital that AR 
provides visual cues and, most importantly, reality 
and that it provides the opportunity to learn by doing. 
In this respect, it can be an effective learning and 
teaching tool in structuring and recalling information.

New Applications in New Courses
 Student experiences provided information on 
which courses to prioritize in new AR applications 
(Fig. 5). When these courses are examined, it can 
be observed that the first three priorities will be the 
appropriate application of AR in biology, physics, 
and chemistry, respectively, and all laboratory 
courses. Another important finding is that AR could 
be used not only in science education courses but also 
in humanities courses such as history and geography. 
These areas should be prioritized for AR, as AR can 
facilitate a better understanding of abstract issues. 
When teaching abstract subjects that are difficult to 
understand, the use of visual perception allows AR 
to offer more effective learning. For example, AR 
can allow students to visualize historical events or 
microorganisms that cannot be seen with the naked 
eye. AR provides a high level of visualization 
(Videnov, et al., 2017) and seems like a good 
solution to visualize abstract concepts for science 
education (Andersson, et al., 2016). also makes an 
important contribution to the teaching of abstract 
science concepts that are difficult to learn. Abstract 
subjects in other courses can also be visualized to 
support more permanent learning.

Improving AR
 Some elements should be taken into consideration 
when using AR, which is an area open to new 
technology and further development. 
• The materials used for AR were made of 

cardboard and are not appropriate for repeated 
use due to insufficient durability. When designing 
AR objects, care should be taken to make them 
more durable and reusable.

• The use of in the school and classroom 
environment was observed. However, students 
also want to use AR outside of school for study 
purposes. New studies are required to examine 
the usability of AR in different daily living 
environments.

• Like other technological tools, AR has a software 
interface, which should be capable of adding 
new features. For this purpose, the interface 
should be provided by software developers 
with the necessary update support or capacity 
to be developed by the users with open-source 
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software. Thus, more information can be provided 
as required. In addition, such software should be 
easily accessible.

• It is desirable for each student to have his/her 
tablet to allow them to study more individually.

• Since AR offers a new approach to the learning 
environment, attention should be paid to learning 
and teaching planning. In particular, it is 
necessary to plan the course time appropriately. 

• The AR software interface only supports a 
specific language. Different language supports are 
required for the students to use them effectively.

Conclusion
 In light of the research questions, this study has 
confirmed that within the scope of an innovative 
learning approach, AR makes a variety of novel 
contributions to the learning environment in terms 
of constructive learning. AR is the next step in 
education. In science education in particular, it can 
be used as an innovative technology to teach abstract 
subjects when there is no opportunity to make direct 
observations or gain laboratory experience. AR has 
the potential for use not only in science education but 
also in other learning areas. However, the emerging 
AR also has aspects that require further development, 
and student experiences should be considered when 
conducting new studies. Thus, suggestions for 
further studies are provided below.

Future Research
 As a result of using AR in science education 
and the evaluations of students in this study, the 
following issues can be investigated in the future.
 First, concept teaching/learning is an important 
issue in science education. Students at different levels 
have different misconceptions, which AR can detect 
and eliminate. The advanced visuality of AR can help 
in learning abstract concepts. Extensive studies can 
be conducted to investigate this situation. Second, in 
this study, students were allowed to work individually 
or in groups while conducting an investigation. In 
subsequent AR applications, students working in 
teams and individuals can be examined separately. 
Third, new academic studies can be conducted in 
these fields by considering more students’ opinions, 
which may be useful in developing AR. Fourth, new 

studies can be conducted to develop software, which 
is the basis of AR. Users also need analysis to be 
conducted in these development studies. Lastly, 
considering the needs of students, AR applications 
can be created not only for science education but also 
for other fields.

Limitations
 This study used an AR application in the context 
of science learning. Despite the positive outputs, 
it also has several limitations. First, the students’ 
opinions and evaluations of the AR application 
comprise subjective data and can vary. Therefore, 
the level of truth-clarification of the data obtained 
is limited by students’ sincerity in sharing their 
experiences. Moreover, the study was conducted 
on a selected chemistry subject within the scope of 
science education. Considering that there are various 
subjects in physics, chemistry, and biology science 
education, students’ experiences are limited to these 
selected subjects. To create effective learning with 
AR, integration of pedagogy, content, and technology 
should be considered before implementation 
(Gandolfi, 2018). Thus, AR applications should 
target new pedagogical strategies rather than directly 
using traditional ones (Gandolfi, 2018).
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