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oz

Fen 6greniminde teknolojinin kullanimi olduke¢a yaygindir. Yaygin olarak kullanilan bu teknolojilerden birisi de
artirlmug gergeklik (AG) teknolojisidir. Bu arastirma AG teknolojisinin 6grencilerin ¢evreye yonelik tutum, cevresel
disiince ve gevreye yonelik davranslar tzerindeki etkililigini ayrica bu degiskenler arasindaki iliskiyi incelemeyi
amaglamaktadir. Arastirma gevreye karst olumlu davranis, disiince ve tutum sahibi bireylerin yetistitilmesini AG
teknolojisi kullanimiyla destekledigi icin literatiirde anlamli bir yere sahip olacagt sGylenebilir. Aragtirma stireci, yari
deneysel desendeki 6n test ve son test kontrol gruplu modele gére diizenlenmis, bir deney ve bir kontrol grubu ile
yuritilmustir. Deney grubunda AG teknolojisi kullanilirken, kontrol grubunda mevcut program uygulanmistir.
Orneklem, 27 Kontrol grubu ve 26 Deney grubu olmak iizere 5. Sinifta 6grenim gérmekte olan 53 katilimcidan
olusmustur. Caligmada veriler gevresel tutum 6lgegi ile toplanmistir. Aragtirmadan elde edilen veriler MANOVA ve
korelasyon analizine tabi tutulmustur. Sonuglar AG kullanimimnin ortaokul égrencilerinin gevreye yonelik tutum,
disiince ve davranislarina olumlu katk: sagladigint gdstermistir. Ek olarak deney ve kontrol gurubunda gevresel tutum,
davranis ve distince degiskenlerinden bazilari arasinda pozitif veya negatif iliskiler oldugu belirlenmistir. Arastirma
sonuglarina gore, ortaokul fen bilgisi dersleri kapsaminda ¢evreye karst olumlu diisiince, davranis ve tutum gelistiren
bireyler yetistirmek i¢in AG teknolojisinin derslerde kullanilmasi 6nerilmektedir.

Anahtar Kelimeler: artirilmus gerceklik, cevresel tutum, cevresel dustnce, ¢evresel davranis, fen egitimi

ABSTRACT

The use of technology in science learning is quite common. One of these widely used technologies is Augmented
reality (AR) technology. This research was putposed to examine the effectiveness of AR technology on students'
attitudes, thinking, and behaviors toward the environment and to examine the relationship between these variables.
The research will have a meaningful context in the literature as it supports raising individuals with positive behaviors,
thinking, and attitudes toward the environment. The research process was arranged according to the quasi-
expetimental design's pre and post-test control group model. It was conducted with an experiment and a control
group. While AR technology was used in the experimental group, it was applied to the existing program in the control
group. The sample consisted of 53 participants in the 5th grade, which are 27 students in the Control group and 26 in
the Experimental group. In the study, data was collected with the environmental attitude scale. MANOVA and
correlation coefficient analyzed data collected in the context of research. The results showed that using AR positively
contributes to secondary school students' attitudes, thinking, and behaviors toward the environment. In addition, it
was determined that there were positive or negative relationships between some of the environmental attitudes,
behavior, and thinking variables in the experimental and control groups. According to the research results, it is
recommended to utilize AR technology in lessons to raise individuals who develop positive thinking, behaviors, and
attitudes towards the environment within the context of secondaty school science lessons.

Keywords: augmented reality, environmental attitude, environmental thinking, environmental behavior, science
education
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Introduction

The origin of environmental problems is humans' destruction of natural resources (Choudhary et
al., 2015). Solving environmental problems and protecting the environment is critical in solving
environmental problems; those growing individuals who are susceptible to the environment and
exhibit positive behavior toward the environment (Paco & Raposo, 2009; Straughan & Roberts,
1999). However, environmental problems can be solved by directing people to know the
environment, improving their knowledge, and reflecting this information in their behaviors and
thinking (Zheng et al., 2018). This change in knowledge, behavior, and thinking is possible with
education. More permanent solutions can be produced by starting education at an early age. Thus,
it may be easier for children who will encounter problems to be encountered in the future to be
aware of this situation at an early age and to find solutions to environmental problems arising
from today's actions, the problems they will eventually be affected by (Michalos et al., 2012;
Olsson et al., 2015). As future scientists, consumers, policymakers, and voters, today's juveniles
will be responsible for improving the environment, and they will be the ones who will determine
the environmental policies of the future and see their effects (Ferrer-Balas et al., 2010). For this
reason, it is seen that efficient environmental education is essential to school-age students. In
addition, the fact that individuals' attitudes toward the environment begin to improve in early
childhood (Ernst & Theimer, 2011; Gifford & Sussman, 2012) makes it essential to acquire these
skills during the primary education period.

Environmental attitude is defined by Liu and Huang (2016) as expressing a personal point of view
on the environment and all topics connected to the environment. According to Schultz and Schultz
(2016), environmental attitude includes the natural environment, environmental protection,
environmental responsibility, and environmental ethics. Boley et al. (2017) expressed
environmental attitude as personal and organizational traits that require dedication and are
necessary to protect the environment. In other words, environmental attitude is stated as the good
or bad, positive or negative judgments of people towards the environment (Masud et al., 2017).
According to ldajati et al. (2016), environmental attitude is people's views about their
responsibility and role in the environment. In addition, Idajati et al. (2016) stated that there is an
emotional tendency for or against liking or disliking, which emerges due to the awareness created
with stability, continuity, and consistency in opinions. Wang (2015) expressed environmental
attitude as an individual's consistent and permanent psychological perception.

According to the literature review, in studies examining environmental behavior, thinking, and
attitude change, it can be said that while thinking affects behavior, behaviors also affect attitude,
and attitudes also affect behavior change (Allen & Ferrand, 1999; Ajzen & Fishbein, 1980; Ajzen,
1987; Diekmann & Franzen, 1999; Kollmuss & Agyeman, 2002; Norberg et al., 2007). Yayla et
al. (2022), it was stated that tourists' sensitivity towards the environment affects their attitudes
towards the environment. The study focused on the relationship between purchasing
environmental products and environmental attitudes of tourists and differs from our research in
terms of sample, subject area and disciplines. In the study conducted by Johnson and Manoli
(2010), the relationship between curricula and environmental attitudes was investigated and it
was stated that there was a relationship between these concepts, and when curricula in different
countries were examined, students' environmental attitudes were affected by curricula. However,
despite the studies, more than definitive answers could be found (Kollmuss & Agyeman, 2002).
However, in these studies, there are statements about how environmental education should be to
gain individuals the concepts of environmental thinking, environmental behavior, and attitude
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toward the environment. Environmental thinking and behaviors; In addition, improving the ability
to raise individuals with positive attitudes in educational environments: this education: attract
students' attention (Batres Quevedo, 2020; Kim et al., 2018), uses technologies that increase
learning performance (Chang et al., 2011; Chen & Huang, 2009; Jormanainen et al., 2018) also
depends on the use of techniques and technologies that provide positive attitudes towards the
lesson (Chang et al., 2011; Marcinkowski & Reid, 2019), and the use of techniques or
technologies that provide the demonstration of unsuitable or dangerous situations in the classroom
environment (Kost & Peabody, 2021). Considering the educational contributions of augmented
reality (AR) technology, these expressions are closely related.

Azuma (1997) expressed AR technology as a three-dimensional visualization in which real and
virtual environments are presented simultaneously. According to Milgram and Kishino (1994), it
is expressed as the use of virtual objects in natural environments. According to another definition,
AR is a technology in which individuals interact with the natural world instead of causing the real
world to change, and virtual objects are used in natural environments (Zhu et al., 2004). AR
technology can also be expressed as a technology that enables the visualization of predefined
virtual content to a sign, image, or location as a three-dimensional model utilizing cameras (Cheng
& Tsai, 2013). AR technology has become widespread in engineering, architecture, medicine,
marketing, and many other fields (Furth, 2011), contributing to educational environments (Arici
et al., 2019). AR technology increases students' interest in the lesson (Arici et al., 2021; Putz-
Egger et al., 2022; Rodriguez, 2022), develops a positive attitude toward the lesson (Aric et al.,
2021; Cetin, 2019; Sirakaya & Sirakaya, 2018), increasing learning performance (Echeverria et
al., 2012; Huang et al., 2019), providing a demonstration of dangerous situations (Catal et al.,
2020; Rossi et al., 2020; Yilmaz & Goktas, 2018), concretizing abstract concepts (Gausemeier,
2011; Jeong, 2018; Vergara et al., 2019) are some of the educational contributions expressed.
Especially considering these contributions, it was thought that AR technology could support the
development of thinking, behaviors, and attitudes toward the environment in science education.
It aimed to examine the relations of these variables with each other. Since it is not possible to
examine the extinct and endangered creatures in their natural environment or to visit them in the
200, AR technology has been used because it enables these creatures to be brought to the
classroom environment by interacting with 3D models. In this context, it is thought that the
participants will develop positive attitudes, thoughts and behaviors towards the environment by
interacting with living things. In addition, the number of studies in which AR technology is used
in studies on environmental education within the scope of science education is limited. When we
look at the studies on environmental education in the web of science, it is seen that this number
is only three with a simple search. From these studies, Huh et al. (2020) used AR technology to
examine students' attitudes toward delicate dust-related issues and seek student opinions. They
stated that AR had a positive effect on attitude change from student expressions. Hsu and Feng
(2019) stated that AR and attitude affect behavior. Sun et al. (2022) stated that using AR
technology in the environment provides attitude development. These studies were not evaluated
in terms of environmental thinking, environmental behavior, and environmental attitude
variables. They were conducted on environmental issues and generally worked within the scope
of attitude, behavior, and thinking variables. Therefore, it is clear that the study is original
research. The research questions of the study conducted to examine the effect of AR technology
in science education on the thinking, behaviors, and attitudes of secondary school students
towards the environment and the relationship between these variables are as follows:
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1- Is the experimental group using AR technology statistically significant from the control
group in terms of environmental thinking, environmental behavior, and environmental
attitude?

2- How is the relationship between AR technology use and environmental attitudes, thinking,
and behavior variables affected?

1. Method
1.1. Research Design

The research was carried out with the permission approval numbered 06.04.2022 and 47257547
from Erzurum Provincial Directorate of National Education. The research conducted to
investigate the effect of AR technology on environmental thinking, environmental behavior, and
attitude towards the environment, as well as the relationship between these variables, is quasi-
experimental. In the study carried out within the content of the 5™- grade science course,
implementations were carried out with an experiment and a control group. The quasi-experimental
design is the design in which pre-assigned participants are included in the determination of the
groups, and the groups are randomly determined as experiment or control (Creswell, 2017). Since
one of the two branches of a school was chosen as the experimental group and the other as the
control group, the study is suitable for the quasi-experimental design. One of the 5" graders at
school was chosen as the control group and the other as the experimental group. While AR
technology was used in teaching animal biodiversity in the experimental group, the instruction
method suggested by the Ministry of National Education (MNE) was used in the control groups.
In the control group, the lessons were conducted within the scope of inquiry-based learning as
suggested. In both groups, teaching was carried out in a way that the content of the course and the
scope of the acquisition was the same. Lessons in groups were conducted by the researcher. The
practical design of the research is shown in Figure 1.

[ Experimental Process |
g‘ Experimental Group Control Group
‘s l l
j n=26 n=27
AR Technology MNE Curriculum
10 Lessons 10 Lessons
[ Post Tests |

Figure 1. Experimental Process of the Research
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1.2. Participants

Participants in the research were chosen by a convenience sampling method. The convenience
sampling method: time, cost of transportation Etc. is used in selecting an easily accessible sample
by considering the variables (Mcmillan & Schumacher, 2011). Since the research was carried out
at a school close to the researcher's place of work, the sample was determined with this sampling.
The participant group in which the research was conducted in the students attending the 5/A and
5/B branches of a public school. The research sample consisted of 53 participants. Of these
participants, 26 students formed the experimental group, while 27 formed the control group.
While 12 students of the experimental group are girls, 14 students are boys. Finally, among the
participants in the control group, 13 students were girls, and 14 were boys. Students demonstrating
their participation in the research are in the 10-11 age group.

1.3. Data collection tool

In the scope of the research, the scale presented to the literature with the research conducted by
Uzun and Saglam (2006) was used for data collection. The scale, whose response time was
determined as one lesson hour, was applied to students who expressed participants within the
scope of the research as a pre and post-test before and behind the interventions. Information about
the scale is given below.

The scale can be EBn\.;rorhmESnEal Environmental The The cronbach | Cronbach alpha
used as fwo < EI aviar. 't" _f Thinking Sub- Environmental | alpha reliability _ofthe
separate scales ta E consmhs 9" ccale consists of | Attitude Scale is | coefficient of Enqunmental
P ae tf 45 "Environmental | a S-point Likert the Thinking
"Environmental | “E a_ctors ek tal View", scale. It consists | Environmental Subscale
Behavior Scale” mu'lrcbnme"n 8l | "Environmental | of 27 items. The | Behavior Sub- relizbility
and "e Cc_mcern Jt I Pollution"” and Cronbach's Scale is =0_88. coefficient =
T MWIrGNMENtal | we s vironmental | alpha reliability The scale 0.80_The scale
Environmental | Sensitivity” and - - ; )
Thinking" scale..| "Environmental Problems coefficient of consists of 13 consists of 14
- ) . factors. the scale is 0.80. items. iterms.
Consciousness’.

Figure 2. Information on the Environmental Attitude Scale
1.4. Augmented Reality Technology Used in the Study
Within the scope of the research, the AR application developed on biodiversity was used. In the
AR application, there are some living things in our environment and those that are extinct or in
danger of extinction. The application includes information about animals and 3D models. Figure
3 shows the visuals of the application.
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Figure 3. Some Images of the AR Technology

1.5. Data analysis

Investigation of the data acquired in line with the research carried out was completed using the
program SPSS 22. For the analysis processes of the data collected in the context of the research
carried out, MANOVA was used to compare the environmental attitude, environmental behavior,
and environmental thinking, pre-post test scores of the control and experimental groups, while it
was used to decide whether there was a relationship between the environmental attitude,
environmental behavior, and environmental thinking post-test scores of the control, and
experimental groups, correlation analysis was used. MANOVA (sample size, normality, extreme
values, linearity, regression homogeneity, multicollinearity and uniqueness, homogeneity of
variance-covariance matrices) and correlation (level of measure, normality, related pairs,
linearity, independence of observations, covariance, loss) of the data obtained from the research
The condition of meeting the assumptions required for the data) analysis was examined, and it
was determined that the observed values met all the necessary conditions for both analyzes.

1.6. Reliability and validity

According to McMillan and Schumaher (2010), for the validity and reliability of the research,
data were collected with a measurement tool with valid and reliable values. The obtained data
were analyzed with appropriate data analysis methods, and the assumptions of the analyzes were
tested. The technique and process of the research are clearly stated. In the study, the lessons in
the experimental and control groups were conducted by the researcher.
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2. Findings
2.1.1s the experimental group using AR technology statistically more important than

the control group in terms of environmental thought, behavior, and attitude?
Findings of the sub-problem.

MANOVA was conducted to investigate the difference between the practices in the control and
experimental groups regarding environmental thinking, environmental behavior, and attitude
toward the environment. Three dependent variables were included in the analysis. These are
environmental behavior, environmental thinking, and attitude toward the environment. Before
MANOVA was performed, preliminary analyzes were carried out to check the assumptions of
linearity, normality, multicollinearity, univariate and multivariate outliers, and homogeneity of
variance-covariance matrices. Moreover, no violations were detected. After the necessary steps
for the analysis were completed, descriptive statistics of the findings obtained from the research
were calculated with the MANOVA process. Descriptive statistics of the findings obtained from
the research are presented in Table 1.

Group M SD n
Experiment 35.88 8.29 26
Behavior
Control 37.74 6.17 27
Experiment 50.42 10.23 26
Pre-tests  Thinking
Control 48.96 8.06 27
Experiment 86.31 10.77 26
Attitude
Control 86.70 9.26 27
Experiment 49.35 4.77 26
Behavior
Control 39.33 5.97 27
Experiment 62.04 5.12 26
Post-tests  Thinking
Control 49.93 7.50 27
Experiment 111.38 5.46 26
Attitude
Control 89.26 9.17 27

Table 1. Descriptive Statistics of the First Sub-Problem

When Table 1 is examined, in terms of pre-test scores, the experimental group's behavior score is
(M=35.88, SD:8.29), the thinking score is (M:50.42, SD:10.23), and the attitude score is
(M=86.31, SD=10.77); it is seen that the control group behavior score is (M=37.74, SD:6.17), the
thinking score is (M=48.96, SD=8.06) and the attitude score is (M=86.70, SD=9.26). In terms of
post-test scores, the experimental group behavior score is (M=49.35, SD=4.77), the thinking score
is (M=62.04, SD=5.12), and the attitude score is (M=111.38, SD=5.46); it was seen that the
control group behavior score is (M=39.33 SD=5.97), the thinking score is (M=49.93 SD=7.50),
and the attitude score is (M=89.26, SD=9.17). When the average scores were examined, it was
seen that the control group and experimental group averages were tight to each other in the pre-
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tests in terms of all variables. In contrast, the experimental group scored higher in the post-test
point averages.

Tests Multiple Test Value F p R
Pre-test Wilks' Lambda .98 A7 .62 .01
Post-test Wilks' Lambda .30 55.83 .00* .69

* It is significant at the p<0.5 level.
Table 2. Multiple Comparisons of MANOVA

When Table 2 is reviewed, it is understood that the results of the data acquired from the pre-tests
of the dependent variables of the research, expressing the control and experimental group, are
equivalent, and these values do not indicate statistical significance (F@s0=.47, p=.623; Wilks'
Lambda=.98; R=.019). It was examined that there was a significant difference between the groups
in terms of post-tests in favor of the experimental group (Fes0-55.83, p=.000; Wilks'
Lambda=.309; R=.69). To determine which variables difference, which was found to be
statistically significant among the groups in terms of post-tests, was observed, the effects between
groups were examined. The findings showing the intergroup effects of MANOVA are presented
in Table 3.

Dependent  Mean

Tests Variables Squares daf F p R R (Adjusted)
Behavior 45,633 1 .861 358 .017 -.003

Pre-test Thinking 28,238 1 335 565 .007 -.013
Attitude 2,077 1 021 .886 .000 -.019
Behavior 1327,927 1 45.213 .000* .470 460

tpeﬁt' Thinking 1043262 1 46774 .000* 478  .468
Attitude 6483,982 1 112.810 .000* .689 .683

*It is significant at the p<0.5 level.
Table 3. Between Groups Effects of MANOVA

When Table 3 is examined, it is understood that the results of the data acquired from the pre-tests
of the dependent variables of the research, expressing the control and experimental group, are
equivalent, and these values do not indicate statistical significance. A difference that can be
expressed as statistically significant was found between the control and experimental groups in
terms of post-tests for combined dependent variables. When the results obtained for the dependent
variables are evaluated separately, when the statistical significance values are examined using a
Bonferroni adjusted alpha level of .017, it is found that the difference is F, 52=46.77, p=.00,
R=.478 in favor of the experimental group. In terms of environmental behavior, F52)=45.21,
p=.00, R=.470, the difference was in favor of the experimental group. In terms of attitude toward

198



Igdir Universitesi Sosyal Bilimler Dergisi, Mayis 2023 (33)

the environment, it is seen that the difference is in favor of the experimental group as
Fs2=112.81, p=.00, R=.689. When we look at the eta square (R) values, it is seen that they are
at a high level of influence compared to Cohen (2013).

2.2.How is the relationship between AR technology use and environmental attitudes,
thinking, and behavior variables affected? Findings of the sub-problem.

The level of relationship between environmental thinking, environmental behavior, and
environmental attitude variables was examined with Pearson product-moment correlation
coefficient. Normality, linearity, and covariance assumptions were checked by preliminary
analysis. The findings from the correlation analysis are presented in Table 4.

Behavior Thinking  Attitude

*

r 1 -.339 449
Behavior
p 091 022
r -.339 1 689"
Experimental Thinking
p .091 .000
r 449" .689™ 1
Attitude
p 022 .000
Pre-test —
r 1 =172 515
Behavior
p 392 .006
r -,172 1 756"
Control Thinking
p 392 .000
r 515" 756 1
Attitude
p .006 .000
r 1 -.392" 507"
Behavior
p ,048 ,008
r -.392" 1 595"
Experimental Thinking
p .048 .001
r 507" 595" 1
Attitude
p .008 .001
Post-test ”
r 1 -.089 579
Behavior
p .660 .002
r -.089 1 761"
Control Thinking
p .660 .000
r 579" 761" 1
Attitude
p .002 .000
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* Correlation is significant at the 0.05 level.
** Correlation is significant at the 0.01 level.

Table 4. Pearson Moments Correlation between Group and Variables

According to Cohen (2013), r=.10-.29 is little, r=.30.-.49 is medium, and r=.50-.1.0 shows a
considerable relationship strength. In the study, comparisons were made according to these
values. When the pre-tests were examined in line with the findings in Table 4, it was understood
that there was a positive and significant relationship between the attitude variable and the thinking
or behavior variables for both groups. These values were r=.45, n=26, p<.05 for the experimental
group attitude-behavior correlation, while r=.51, n=27, p<.01 in the control group. The correlation
between attitude and thinking was determined to be r=.68, n=26, p<.01 in the experimental group,
and r=.75, n=27, p<.01 in the control group. According to these results, a high level of
environmental thinking and behavior is associated with a high environmental attitude. While the
findings in Table 4 showed no significant relationship between the thinking and behavior
variables in the experimental and control groups in terms of pre-tests, it was understood that these
values had a negative correlation. When the correlation between the thinking and behavior
variables of the experimental group was examined in the pre-tests, it was understood that r=-.33,
n=27. In contrast, the correlation value between the thinking-behavior of the control group was
r=-.17, n=27. When the post-tests were examined, it was determined that both groups had a
positive and significant relationship between the attitude variable and the thinking or behavior
variables. These values were r=.50, n=26, p<.01 for the experimental group attitude-behavior
correlation, while r=.57, n=27, p<.01 in the control group. The correlation between attitude and
thinking was determined to be r=.59, n=26, p<.01 in the experimental group, and r=.76, n=27,
p<.01 in the control group. These results are associated with a high level of environmental
behavior, environmental thinking, and environmental attitude. When Table 4 continued to be
examined, it was determined that there was a negative relationship between thinking and behavior
variables in the experimental group regarding post-tests. Still, it was understood that this
relationship was between significant values and had a moderate level (r=-.39, n=26, p<.01) . This
situation is associated with a high level of environmental behavior and a low level of
environmental thinking. In the control group, it was determined that the relationship was negative
but not at a significant level (r=-.08, n=27). In addition, the coefficient of determination was
calculated to determine how much variance the variables shared. The r-value is squared and
transformed into a percentage to calculate a coefficient of determination (Pallant, 2017).
Accordingly, when the experimental group's post-tests were examined, it was determined that
environmental behavior and environmental thinking shared a 15.21% variance. These values
showed that behavior, and thinking variables overlapped. It showed that thinking and behavior
had a moderate level of overlap. Pallant (2017) has a rate below 25% in many studies in social
sciences. Therefore, although the variance sharing between thinking and behavior variables is not
significant, the variance sharing between them is at an acceptable level compared to studies in the
area of social sciences.

Conclusion and Discussion

In the study carried out to scrutinize the effect of AR technology on the development of thinking,
behavior, and attitude towards the environment in science education and the relations of these
variables with each other, the first control and experimental groups were compared in terms of
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their environmental thinking, environmental behavior and attitude towards the environment
variables. The research is limited to the 5"- grade biodiversity topic and 10 lesson hours. In the
study, it was assumed that the students answered the scales sincerely. In the study, in which the
groups were identical in terms of pre-tests when the post-tests were examined, it was determined
that the experimental group had more statistically significant results than the control group. In
line with the results obtained from the study, it was seen that the use of AR technology is effective
in changing environmental thinking, environmental behavior, and attitude towards the
environment. The fact that AR technology develops positive thinking towards the environment
can be clarified because AR technology demonstrates situations that cannot be shown in the
classroom environment, and the participants examine the concepts interactively. The use of
interactive teaching materials in the classroom positively affects the development of
environmental thinking compared to traditional education (Kost & Peabody, 2021). The fact that
AR technology enables positive environmental behavior can be clarified by the fact that AR
technology is effective in behaviors. AR technology in educational environments positively
affects behavior change (Babur, 2016). The positive attitude of AR technology toward the
environment can be clarified by the fact that AR technology provides students with a positive
attitude toward AR technology and offers an exciting learning experience. Many studies have
shown that participants develop positive attitudes toward AR technology (Atalay & Akgiin, 2020;
Kigiik et al., 2014). A positive attitude towards the practice may have affected a positive attitude
toward the environment. In many studies, AR technology provides an engaging learning
environment (Arici et al., 2021; Majid & Aini, 2013; Tatzgern et al., 2015) and provides a positive
attitude toward the course and subject in which AR is used (Atalay & Akgiin, 2020; Kiigiik et al.,
2014; Yetisir, 2019). Since this study was conducted on the environment, it can be stated that the
participants had exciting learning experiences on the subject, and their positive attitudes toward
the environment were supported.

Another result of the study is a positive and statistically significant relationship between
environmental behavior and environmental attitude, environmental thinking, and environmental
attitude variables in the experimental and control groups in the pre-and post-tests. The results
obtained from the study showed that the environmental attitude variable has a common variance
with the environmental behavior and environmental thinking variables. These results indicated
that having a positive attitude toward the environment will lead to a positive thinking toward the
environment. In addition, the results showed that having a positive attitude toward the
environment supports exhibiting positive behavior toward the environment. However, according
to the results of the research, it has been revealed that having positive thinking toward the
environment does not support exhibiting positive behavior toward the environment. Although
there is a negative relationship between environmental behavior and environmental thinking
scores in the control and experimental group pre-and post-tests, this relationship is significant and
moderate only in the experimental group post-test. The rate of sharing the common variances of
this critical relationship is also at an intermediate level. These results can be interpreted as always
being in a positive mindset will not lead to positive behavior. The use of AR technology can
explain this difference. It can be said that AR technology has supported the participants' awareness
of the inconsistency of their thinkings with their behaviors. The relationship between thinking
and behavior in the control group was not significant. Despite this, the fact that there is a negative
relationship in the control group, but this relationship is not substantial, can be explained by the
fact that the participants stated statements that would get approval instead of expressing honest
thinking. In this respect, it can be said that AR technology supports revealing the participants'
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natural behaviors and beliefs instead of the expressions accepted by society. In the studies in the
literature, the debate continues in studies about the effect of environmental review on
environmental behavior, while some researchers reported that ideas turn into behavior (Roubal,
2022; Smolova, 2019; Ucisik Erbilen, 2013; Zhang & Xiao 2023), while some researchers
reported that environmental review does not turn into environmental behavior (Roubal, 2022;
Smolova, 2019; Ucisik Erbilen, 2013). Kollmuss and Agyeman, 2002). This situation confirms
the results obtained from the research. Although both variables have a positive relationship, this
situation is still open to discussion. In addition, it can be said that some other variables that affect
environmental behavior are also effective in this situation. For example, Kollmuss and Agyeman
(2002) stated that ecological behavior is too complex to be visualized through a single frame or
diagram. They said that there are demographic factors, economic factors, social, knowledge,
awareness, values, attitudes, and responsibilities. They also stated that developing a model to
explain all these and more is impossible. In order to improve this situation, students can be
supported to exhibit positive behaviors towards the environment by using various techniques that
affect the development of thinking in science classes (Y1lmaz et al., 2017).

The study was conducted to examine the effects of AR technology on the development of
thinking, behavior, and attitude toward the environment in science education. The relationships
between these variables are limited to the 5" grade science course and biodiversity. In addition,
the research carried out is limited to 10-course hours, and the effectiveness of the AR application
users can also be expressed as a limitation. Finally, the following recommendations are presented
in line with the outcomes obtained from the study.

* The use of AR technology in the subject of biodiversity in the 5th-grade science course
supports the environmental thinking and environmental behaviors of the students. Also, it has a
positive effect on their environmental attitudes. For this reason, it is recommended to use AR
technology for students to gain these variables.

+ In the use of AR technology, it should be ensured that every one of the students actively
experiences this experience.

* Necessary preliminary information should be provided for students experiencing AR for
the first time to obtain high efficiency from using the application.

* In future studies, scale development studies that include as many variables as possible
can be carried out to create more comprehensive models to measure what affects environmental
behavior.

* In future studies, environmental attitudes will be analyzed by variables such as
demographic, economic, social, Etc. It can be investigated in terms of how it affects
environmental thinking and behavior.

* For the efficient use of the application, attention should be paid to the controls of the
tablets (Charging, software and camera updates, etc.).

* Students should be informed about the objectives of the course and they should be made
aware that AR technology is used for educational purposes.
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Catisma beyani

Makalenin yazari, bu ¢alisma ile ilgili taraf olabilecek herhangi bir kisi ya da finansal kurum ile iligkisi

bulunmadigini dolayisiyla herhangi bir ¢ikar catigmasinin olmadigini beyan eder.

Destek ve tesekkiir

Caligmada herhangi bir kurum ya da kurulustan destek alinmamistir.
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