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Abstract: This study aimed to examine the comprehension performance difference between children
who participated in an augmented reality-based environmental education activity and those who
participated in an activity based on coloring pages. The study involved 94 participants, including
47 in the experimental group and 47 in the control group. The researcher-developed Life Cycle Test,
consisting of 9 open-ended questions on the water cycle, plant life cycle, and food chain, was used
for data collection. In the first phase, children in both groups were asked questions from the Life
Cycle Test, and their responses were recorded. Both groups then participated in a coloring activity,
with the control group receiving explanations from the teacher about their colored pages and being
asked the test questions. In contrast, the experimental group received explanations about using
augmented reality applications and 3D visuals before answering the test questions. The pre-test data
showed no significant difference in Life Cycle Test scores between the two groups. However, post-test
results revealed that the augmented reality intervention better supported children’s understanding
than the explanations based on coloring pages. The study’s findings suggest that augmented reality
applications can be a powerful tool for enhancing children’s understanding of environmental concepts
in early childhood education.
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1. Introduction

Environmental education involves developing and supporting attitudes, values, aware-
ness, knowledge, and skills that prepare people to take conscious action for the environ-
ment [1,2]. It is known that the foundations of attitudes towards the environment and the
world are formed during early childhood [3]. Therefore, it is essential to initiate environ-
mental education activities in the early years [4]. In this process, careful attention should
be paid to the methods, techniques, and materials used to ensure the effectiveness and
sustainability of the education provided.

Educational materials have been enriched, and technological materials have started to
be used alongside traditional materials. As digital technology has become an integral part
of the education system and is more integrated into society, it has significantly transformed
learning and teaching opportunities [5]. The innovations brought by integrating technol-
ogy into education are felt at all levels of education [6,7]. The inclusion of technology
in educational environments is essential for children in the preschool period. In cases
where the teachers or educators cannot implement out-of-school learning environments
or natural experiences, transporting the real environment into the classroom environment
with technological tools can be an effective alternative for environmental education. In this
context, augmented reality applications, which are among the current technologies, can
play an essential role in the educational process, as they can present real-world experiences
in a safe learning environment [8-11].

Current technologies have the potential to provide new and additional contributions
to activities to be carried out in early childhood and can enrich children’s learning experi-
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ences [12,13]. During this period, children who have not yet developed abstract thinking
can accelerate their learning processes with the contributions of augmented reality technol-
ogy in concretizing [14]. It should also be noted that environmental education is a broad
concept that includes many topics. Observing some topics in nature may take a very long
time, and could be difficult and dangerous for children. For this reason, alternative teaching
tools are needed. When the relevant literature is examined, it is seen that augmented reality
applications are used as an alternative teaching tool that can be used in environmental
education at different learning levels [15-18]. This tool can support environmental edu-
cation both inside and outside the classroom. Mei and Yanga [16] utilized an augmented
reality application in their research to help students reach their defined goals and complete
tasks associated with those goals. Students followed the geographical location guidance
displayed on their devices’ screens to reach predetermined target destinations. Before
proceeding to the next destination, students were instructed to read the provided directions,
check the environment for correct answers, and record these answers on their worksheets.
Thus, environmental education was conducted through an augmented reality application
that defined specific tasks for the students. The results indicated that this application
could enhance students” environmental awareness [16]. Similarly, using augmented reality
applications during field trips can contribute to children’s learning [15]. Furthermore,
an augmented reality application used in the classroom can increase a child’s interest in
environmental education [18]. Indeed, it has been concluded that environmental education
facilitated by augmented reality applications positively impacts students’ knowledge, atti-
tudes, behaviors, and environmental awareness [17]. The current study emphasized the
applicability of augmented reality technology in early childhood settings and classroom
environments. This research assessed the understanding of the performance of children
participating in a 3D augmented reality-based environmental education activity. Due to
the limited number of studies in the literature regarding environmental education during
early childhood using augmented reality applications and the need for examples of how
these applications can be utilized in classroom settings, the present research is considered
significant. Additionally, this current research may provide important insights for edu-
cators about augmented reality and lay the groundwork for new research on the use of
technology in early childhood environmental education.

1.1. Literature Review
Environmental Education and Technology in Early Childhood

Education is an essential tool for individuals to evaluate life’s positive and negative
aspects and turn them into lessons to build a better future [19]. Due to the inadequate
and constantly changing nature of environmental awareness, progress in education is
crucial [20]. Environmental education is becoming increasingly critical in this context, espe-
cially for developing attitudes and behaviors towards the environment [21]. Environmental
education can be defined as an action that aims to increase or develop knowledge and
understanding of natural, physical, and human environments through an interdisciplinary
approach, focusing on increasing the public’s understanding and appreciation of nature
and the environment [22-24]. Furthermore, this educational process aims to transform
children into environmentally and socially conscious leaders who can make informed
choices towards a sustainable lifestyle [25,26]. One of the aims of environmental education
is to “change the child’s relationship with nature” [27], that is, to help the child develop
and maintain a “deep connection” with nature [28]. Of course, this education aims not only
to learn what children need to learn about the environment, but also to ensure that children
develop the right attitudes and positive relationships with the environment [29]. Therefore,
environmental education is considered a priority area in early childhood education [30].

Early childhood experiential environmental learning is a crucial investment in the
future, helping children develop respect and care for their environment [31]. Researchers
and practitioners emphasize that early childhood is critical for developing environmental
literacy [32-35]. Children’s knowledge of and love for nature play a significant role in
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developing positive attitudes and behaviors towards the environment [36,37]. It is stated
that environmental education aimed at increasing children’s understanding of and interest
in nature is essential for children to exhibit positive behaviors towards the environment [38].
This education provides children with information about the importance of the environ-
ment and helps them understand the impact of their behavior on the environment. The
educational materials used in this process are an effective tool for instilling environmental
awareness in children. In this context, developing and using educational materials that
can attract children’s curiosity and interest in nature, instill environmental awareness, and
strengthen their love of nature is essential. These materials can support children’s explo-
ration of nature, development of environmentally conscious behaviors, and learning to
live in harmony with nature, thereby laying an essential foundation for a more sustainable
world in the future.

The selection of methods in environmental education is crucial to ensure an effective
and lasting learning process. In recent years, the increasing application of technology
in education has brought about significant innovations [39], and these innovations have
been felt at all levels of education [6,7]. Early childhood education is no exception, and
the use of technological tools has also been on the rise in this period [40]; numerous
technological applications can capture children’s attention, trigger their curiosity, and
facilitate enjoyable, lasting learning [41,42]. These applications create numerous valuable
learning opportunities for children. Integrating digital and analog tools is exemplified as a
way to create multimodal learning opportunities [43,44]. In this context, digital tools are
seen as complementary to other resources, not competing with traditional methods [44].
The multimodal features of digital and analog applications can be particularly appealing
for promoting multidimensional early childhood education [12,13,45,46]. Smart mobile
devices offer students different learning styles [47] and different skills to engage in the
educational process [48]. The role of technology in environmental education is not just
significant, but is also exciting, as it opens new possibilities for engaging and educating
children about the environment.

Environmental education aims to increase awareness about their environments and
their environments’ evolution and teach them skills that will enable them to understand
better the environmental challenges affecting society [49]. In this process, there are many
complex topics that students need to explore and understand. Therefore, environmental
education can often be further facilitated with organized field trips or through technologies
such as mobile devices and/or augmented reality applications [49]. For example, in a study
on environmental pollution, one group received an education based on verbal narration
and question-and-answer techniques, while the other group received an education based
on tools such as computers, internet tools, and projectors [50]. The study results showed
that technology-supported education increased children’s knowledge about environmental
pollution more effectively than traditional education. Incorporating technological tools
like smart mobile devices into natural sciences education enhances the visualization of key
phenomena and simplifies the comprehension of the concepts [51]. When the literature
on the use of technology in environmental education is examined, it is seen that the
studies in the literature report various advantages of technology. In studies where different
technologies are used, it has been determined that technology-supported applications
increase knowledge about environmental education [52-54], interest in environmental
education [18], participation in the environmental education process [55], contribute to
the development of positive attitudes [56,57], increase environmental awareness [58-60],
and increase environmental literacy levels [61]. The number of studies focusing on the
early childhood period is quite limited among these studies, highlighting the need for more
research in this area. The current study addressed this gap by focusing on both the early
childhood period and the usability of augmented reality technology, which was tested as a
current technology in environmental studies.
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1.2. Augmented Reality Studies in Early Childhood Education

The use of technology in education is rapidly advancing, and the range of digital
technologies routinely used by young children has expanded considerably [40,62]. One
critical and emerging digital technology in education has recently been augmented real-
ity [63]. As a result of the integration of information and communication technologies
into early childhood education programs, the use of augmented reality applications has
become more widespread [64]. Augmented reality is a technology that enriches the real
physical world with computer-generated 3D virtual objects with which users can inter-
act through cameras, smartphones, or tablets [65]. It is a powerful and motivating tool
that activates various sensory organs of children through the appropriate combination of
audio, visual, and tactile elements [66]. Furthermore, augmented reality is a technology
application that actively engages children in the process and facilitates learning by doing
and experiencing [11,67-71]. Applications developed using augmented reality technology
can simultaneously use 3D objects, texts, images, videos, and animations [72] to represent
different parts of the world and place digital images in natural environments, making
virtual objects appear as part of the natural world [73,74]. In this context, it is emphasized
that augmented reality applications are suitable for education and can enrich learning [75].
However, there is a need for further research in this area to fully understand the potential
and limitations of augmented reality in early childhood education.

In recent years, augmented reality has emerged as a crucial educational tool [76]. It is
widely reported that augmented reality is extensively used to enhance learning processes in
various educational domains [77]. Augmented reality applications that provide engaging
and enjoyable learning opportunities by stimulating multiple senses are essential learning
environments, especially for preschool children [78]. Augmented reality applications
capture children’s attention and interest in this period [63], create a sense of reality, and
concretize the content, reassuring educators and researchers about their effectiveness. They
facilitate the development of peer relationships, transform information into colorful visual
forms, and offer an entertaining learning environment [79]. With these characteristics, the
use of augmented reality technology in education stimulates the senses of young children
with sound and images, provides a sense of touch [78], arouses their curiosity, draws their
attention, and directs them to explore [80]. Additionally, augmented reality applications
can contribute to children’s interactions, help them achieve the highest potential learning
outcomes, and develop lifelong beneficial skills [81]. Furthermore, Huang et al. [82] report
that augmented reality-supported applications facilitate children’s cognitive development,
provide advanced access to complex visualizations, and strengthen educational effects.

Augmented reality applications have been utilized in various domains during early
childhood. The extant literature on augmented reality-based research in early childhood
education reveals investigations on preschool children’s attitudes towards augmented
reality-enhanced picture books [83]; creating mathematical learning experiences with aug-
mented reality applications in preschool settings [84-86], using augmented reality as an
instructional tool for music education [87], word memorization, and pronunciation prac-
tices in language education [80], foreign language learning [88,89], interactive educational
games [90], and the development of literacy skills [91]. Additionally, augmented reality
technology has been employed in environmental education [92-97]. Furthermore, the
literature suggests that augmented reality can enhance preschool children’s interest and
engagement [98-105], motivation [106-111], attention [112-114], knowledge, literacy, sat-
isfaction [66], and recall levels [76,115]; enrich vocabulary and contribute to learning to
read [113]; foster creativity [66,102,106,112,113]; and develop spatial abilities [110,116].
Additionally, studies have shown that augmented reality can improve learning outcomes
during dramatic play [100], shared book reading [108], art activities [82], and alphabet
learning [117].

The positive data in the literature on studies based on augmented reality applications
have led to the idea that this technology can also be used in environmental education.
However, while augmented reality offers new possibilities for different educational areas,
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it has not yet been fully explored in educational settings [75]. Although there is research
conducted in early childhood, these studies seem to have been examined in a limited
manner compared to those conducted at other educational levels [118]. Aydogdu and
Kelpsiene [78] note that while researchers are interested in applying augmented reality
technology in schools and preschool education, there is a lack of scientific evidence about
implementing augmented reality tools in early childhood education. Furthermore, it is
stated that the least amount of research on augmented reality has been conducted in
early childhood education [119]. Therefore, investigating the effects of augmented reality
applications on children in this age group has also become important. In the present
study, the usability of augmented reality technology in environmental education was tested
in early childhood, which was seen as a critical developmental stage for contact with
nature [120,121].

1.3. Current Study

The present study explored the potential of augmented reality-based activities in
environmental education. The research question addressed in this study is as follows:

What was the difference in Life Cycle Test performance between children who partici-
pated in an augmented reality-based environmental education activity and children who
participated in an environmental education activity based on coloring pages?

2. Materials and Methods
2.1. Participants

This study, a collaborative effort involving 94 participants, aimed to investigate the
effectiveness of augmented reality in environmental education for young children. The
participants, 47 in the experimental group (25 girls, 22 boys) and 47 in the control group
(23 girls, 24 boys), were crucial to the success of this research. The study included par-
ticipants with a preference for children aged between 48 and 60 months to facilitate their
comfort in using the augmented reality application. The average age of the children is
55.4 months, and they were enrolled in four different classrooms. Additional inclusion
criteria include the children’s willingness to participate in the study and providing writ-
ten consent from their families. Demographic information regarding the children in the
experimental and control groups is presented in Table 1.

Table 1. Demographic information.

Demographic Information Experimental Group Control Group
Girl 25 23
Gender Boy 2 24
Age 48-54 months 24 21
& 55-60 months 23 26
Total 47 47

The participating classrooms’ teachers also played a significant role in the study,
ensuring the children felt comfortable and part of the process. The children in the study
sample were randomly assigned to the experimental and control groups, making them
an integral part of the study. During the assignment process, two classes were randomly
designated as the control group and two classes as the experimental group.

2.2. Augmented Reality Content and Application

This research focused on the topic of life cycles in environmental education. Specifi-
cally, the study utilized 3D content on the water life cycle, plant life cycle, and food chain.
The Quiver Vision application displayed the 3D augmented reality content. The application
required downloading and printing the coloring pages from the website. These coloring
pages contained black-and-white illustrations related to the water life cycle, plant life



Sustainability 2024, 16, 10374

6 of 16

cycle, and food chain topics. The users could color these illustrations in their preferred
colors. Subsequently, the Quiver Vision app was opened and was scanned, upon which
the content appeared in 3D with the colors applied by the user. These contents were based
on the principle that the images on the coloring pages appear in 3D through a device
and augmented reality application. The on-screen image changed as the device’s position
alters. For example, children observed evaporation on the water life cycle coloring page
through a single illustration. However, with the augmented reality application, they had
the opportunity to see the evaporation of water in a 3D and dynamic manner. In this
respect, the augmented reality application had the potential to concretize information. The
3D content could sometimes be presented in a game-like format, providing a flow-based
experience at other times. This study utilized the life cycle content package from Quiver
Vision. The pages from the package were downloaded and printed, and the application
was installed on the tablets to be used. Each water life cycle, plant life cycle, and food chain
topic had a separate page and corresponding augmented reality content. Additionally, the
videos recommended on the Quiver Vision website were used to prepare the content the
teacher would present to the children.

2.3. Life Cycle Test

The “Life Cycle Test”, a vital study component, was meticulously designed and
evaluated. It consists of 9 open-ended questions based on the water life cycle, plant life
cycle, and food chain topics. The researcher developed the questions, and a draft rubric was
created to evaluate the open-ended questions reliably. The teachers were provided with
texts and test questions to be presented through the coloring pages, and they were asked to
evaluate the appropriateness of the questions. After the evaluation process, the teachers
administered the test to eight children who were not part of the experimental or control
groups to assess the comprehensibility of the questions. The draft rubric was submitted for
review to the four teachers participating in the study, and a consensus was reached on the
final rubric through their feedback. According to the finalized rubric, incorrect answers
were scored as 0, partially correct answers as 1, and entirely correct answers as 2 points.
Additionally, two teachers collaborated with the researcher during the evaluation process,
and the inter-rater reliability was assessed, ensuring the thoroughness and reliability of the
evaluation process, which aimed to instill confidence in the study’s results. The questions
included in the “Life Cycle Test” were developed based on the coloring pages and the
content presented by the teachers to the children. This approach facilitated the creation of a
standardized test for comparing the groups. The children’s test performances demonstrated
the effectiveness of the environmental education activity conducted. Sample questions
from the “Life Cycle Test” included the following:

1.  What factors assist in the pollination of a plant?
2. Which consumers make up the food chain?
3. What are the primary stages of the water life cycle?

2.4. Procedures

This study followed a quasi-experimental process with a pre-test/post-test control
group design. First, ethical approval was obtained from Akdeniz University, the Provincial
Directorate of National Education granted implementation permission in Antalya, and
consent forms were collected from the parents. Subsequently, meetings were held with
the administrators and teachers working in the schools where the application would take
place, and information about the study was provided. The researcher then introduced the
augmented reality application to the teachers using the tablets brought. The classroom
environment was arranged to allow children to color comfortably. Additionally, care
was taken to ensure that the space was well lit so that the augmented reality application
could function effectively. The teachers conducted the applications to be carried out
with the children in the classroom environment, and the researcher was present in the
classroom environment to contribute to the implementation process. In the first phase of the
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application, the questions in the prepared life cycle test were assigned to the experimental
and control groups, and the responses were recorded. Later, the teacher provided both
the experimental and control groups with colorless pages from the life cycle package of
the Quiver Vision application. Then, the children colored the pages according to their
preferences. After the coloring activity, the teachers talked about the life cycle of the
coloring pages for each child in the control group. This explanation was carried out
separately for each of the topics of the water life cycle, plant life cycle, and food chain,
using the colored pages by the children. At the end of each topic’s coloring and explanation
process, questions related to that topic were asked. The teachers used the same prompts
to support children who had difficulty understanding the questions. For example, for
children struggling with the question, “Which consumers make up the food chain?” The
teachers rephrased it for all affected children by asking, “Who is involved in a food chain?
Starting with plants, which animals are present?” This approach allowed them to define
the concepts in simple language without affecting the other questions, thereby facilitating
the children’s thinking. The exact process was carried out for the experimental group using
the 3D augmented reality system. The experimental group first performed the coloring
activity. Then, each child, accompanied by the teacher, scanned the coloring pages using the
tablets and examined the resulting 3D image. After the children examined all the images
created in the augmented reality application for a few minutes, the teachers performed the
same explanation on the 3D image for the experimental group as they did for the control
group (Figure 1). Therefore, the fundamental difference between the two groups was the
contribution of the 3D augmented reality application to enrich and concretize the content.
At the end of the activities, the questions in the life cycle test were asked of both groups,
and the answers were recorded. To facilitate classroom management, all applications in
the experimental and control groups were conducted by two teachers together. The same
teachers administered the “Life Cycle Test” to both groups. During both the pre-test and
post-test processes, the children were told that the questions asked were not an exam and
that the questions did not have right or wrong answers so that they could think freely. After
the post-test data were collected, the analysis phase was initiated.

Figure 1. The study’s implementation process.

2.5. Data Analysis

Normality tests were first conducted to test the intervention outcomes in this study.
Since the pre-test and post-test results showed normal distribution, independent sample ¢-
tests were used to determine potential differences between the groups. When the difference
between the groups was statistically significant, the effect size was calculated using Cohen’s
d. Additionally, Kendall’'s W Coefficient of Concordance was calculated to determine the
agreement between the two teachers and the researcher involved in the evaluation process.
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The results were 0.956 for the pre-test and 0.961 for the post-test, indicating a high level of
agreement among the evaluators.

3. Results

Before the data obtained from the research process were analyzed, a normality test
was conducted, and it was determined that the data of the experimental and control groups
were normally distributed. The data obtained from the pre-test showed no statistically
significant difference at a 95% confidence interval between the scores of the children in
the two groups on the Life Cycle Test. The means, standard deviations, and independent
samples’ t-test results for the experimental and control groups obtained during the pre-test
process are presented in Table 2.

Table 2. Mean, standard deviation, and results of the independent samples’ t-test for the p pre-test.

Group N Mean SD SE t 4
Experimental group 47 4.297 1.852 0.270 —0.952 0.344
Control group 47 4.680 2.044 0.298

An examination of the results presented in Table 2 reveals no statistically significant
difference (t = —0.952, p > 0.05) between the experimental and control groups regarding
the scores obtained from the life cycle test. Therefore, before any intervention, the children
participating in the study had similar knowledge about the life cycle, including the water
life cycle, plant life cycle, and food chain. The post-test results, however, indicated that
the explanations using coloring pages and the augmented reality intervention increased
the children’s test performance. Specifically, the mean test score of the experimental group
increased from 4.297 to 13.595 (t = —22.125, p < 0.05). In contrast, the mean score of the
control group increased from 4.680 to 9.766 (t = —16.027, p < 0.05). Additionally, the means,
standard deviations, and independent samples’ t-test results for the post-test scores of the
experimental and control groups are presented in Table 3.

Table 3. Mean, standard deviation, and results of the independent samples’ ¢-test for the post-test.

Group N Mean SD SE t Cohen d
Experimental group 47 13.595 2.071 0.302 8.147 * 1.681
Control group 47 9.766 2.469 0.360

*p <0.05.

An examination of the results presented in Table 3 reveals a statistically significant
difference (t = 8.147, p < 0.05) between the experimental and control groups regarding the
scores obtained from the life cycle test. These results indicated that the augmented reality
intervention was more effective in supporting the children’s understanding level than the
coloring page-based explanation. Furthermore, the analysis of effect size showed that the
difference between the two groups was of a large effect size [122].

Based on the information provided above, the research question can be answered
as follows:

Children who learned about the water life cycle, plant life cycle, and food chain using
the 3D augmented reality application performed better on the Life Cycle Test than children
who learned the same content through coloring page-based explanations (t = 8.147, p < 0.05,
d =1.681).

4. Discussion

This study examined the difference in performance between the control group, which
learned about the water life cycle, plant life cycle, and food chain topics through coloring
sheets and teacher explanations and the experimental group, which learned through a 3D
augmented reality application and teacher explanations. The scores of the children on the
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Life Cycle Test were the yardstick for this comparison. In the pre-test phase, there was
no significant difference between the test performances of the two groups. However, in
the post-test phase, the experimental group that learned the topics of the water life cycle,
plant life cycle, and food chain through the augmented reality application outperformed
the control group, marking a significant difference.

In this study, we underscore two key points. First, we highlight the immense potential
of augmented reality applications to enhance understanding significantly. Second, we
evaluate the practicality of these features in environmental education. Previous studies
on augmented reality with early childhood children have consistently shown that this
technology not only boosts children’s interest and motivation [123,124], but also creates a
stimulating learning environment [125] that they thoroughly enjoy [126]. In this context, the
augmented reality application likely improved the children’s performance by increasing
their eagerness to participate in the activity. Numerous studies targeting different age
groups have demonstrated that augmented reality-supported activities have a positive
impact on the participants” understanding levels [127-129]. There is also evidence in the
literature that augmented reality technology enhances the understanding performance of
early childhood children [83]. These findings align with the results of our study. The fact
that children engaged in environmental activities with coloring pages on the water life
cycle, plant life cycle, and food chain and then experienced these visuals in 3D with the
teacher’s explanation seems to have positively affected their understanding. Therefore, it
can be said that 3D and animated visuals concretized the subject better than 2D visuals.
Concretizing abstract concepts is a key feature of augmented reality technology [14]. This
function can significantly enhance students” understanding of performance [130]. For
instance, in the current study, a child’s concrete observation of each stage of the plant life
cycle and experiencing this process in 3D produced more positive results than just a visual
explanation. This teaching method has many advantages, such as being carried out quickly
and in different environments [131].

The primary focus of this study is to assess the impact of augmented reality technology
in environmental education for children. The results of the experimental process conducted
in the study suggest that this technology can be effectively used in environmental education
for children. A review of the literature reveals that there are studies where augmented
reality technology is employed in environmental education [132,133]. The results of these
studies indicate that augmented reality applications have a significant additional learn-
ing effect as a mobile-supported learning tool in environmental education [97]. These
applications enhance the level of comprehension of the topics in the environmental edu-
cation process and support children’s learning by enabling them to construct knowledge
more effectively [134,135]. The study’s results by Huang et al. [53] show that using aug-
mented reality technology improves users’ learning outcomes. Moreover, the activities
conducted with this technology increased the users’ desire to acquire more information
about the environment and helped them develop a more positive emotional attachment to
the environment. Similarly, the results of the study by Wang et al. [54] show that a game
developed using augmented reality significantly increased the participants’ knowledge
of sustainability and climate change issues. Indeed, using augmented reality in environ-
mental education can contribute to users developing a more detailed understanding [15].
Therefore, the results of the relevant studies are consistent with the results of the current
study. The fact that children interact with digital content and see the life cycle processes
with 3D visuals may have enabled them to develop a more detailed understanding. For
example, instead of learning the stages of the water cycle through coloring pages and
narrations, seeing it in a 3D animated form, experiencing the stages separately through
the application, and having the teacher’s narration accompany this process has enriched
the learning experiences. Therefore, in parallel with the results of the relevant studies in
the literature, this study also provides positive evidence for the use of augmented reality
technology in environmental education.
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Augmented reality applications have the potential to significantly enhance children’s
learning in various areas, providing detailed and interactive content and concretizing
abstract concepts through 3D-enriched environments. Studies on using augmented real-
ity in environmental education have consistently reported numerous positive outcomes
related to these applications. Results such as increased user interest in environmental
education [136], encouraging a student-centered format [94], increasing participation [55],
finding the topic interesting and valuable [82], providing a positive effect on environmental
attitudes, behaviors, and awareness [17,135], and positively impacting the awareness of
environmental issues [16,132] all demonstrate that this application can be used effectively
in environmental education.

The present study will contribute to the literature in two important ways. Firstly, a
substantial portion of the studies on using augmented reality in environmental education
have utilized this technology as a supplementary tool in field trip activities [15,53]. In the
current study, augmented reality technology, which has been found to have many benefits in
these studies, has been used in the classroom context for environmental education. Indeed,
creating an environment that will allow children to learn every stage of a topic, such as the
food chain in nature, is difficult. Additionally, it is challenging for children to observe the
evaporation and condensation that make up the water cycle in nature. In this regard, the
current study’s results are essential in creating an interactive and 3D environment where
children can learn concepts and events related to the life cycle. Furthermore, the number
of studies in the literature focusing on early childhood is quite limited. Studies focus on
the primary school [17,97,136], middle school [15,53], high school [137], and university [16]
levels. Considering that environmental education provided at an early age can ensure
that children develop positive attitudes towards the environment in future periods [35],
the current study’s provision of data on environmental education in early childhood is
highly significant.

5. Conclusions and Recommendations

In this study, the performance of early childhood children on the Life Cycle Test was
compared after explanations using coloring pages and a 3D augmented reality application.
Within this framework, the groups colored the pages related to the water life cycle, plant life
cycle, and food chain according to their preferences. Subsequently, the control group was
given an explanation using the coloring pages, while the experimental group was given
an explanation using a 3D augmented reality application. According to the test results,
children who participated in the 3D augmented reality application activity performed
better than those who only participated in the activity with the coloring pages. Based on
these results, the augmented reality application increases children’s level of understanding
and can be used as a tool in environmental education. The results will contribute to the
literature, as studies on early childhood children are limited. Moreover, evidence has been
provided that this technology can effectively teach children about natural events that they
cannot observe or would be difficult for them to observe within a specific time frame in the
classroom setting.

Several recommendations can be made based on the study’s results. Future research
could focus on children aged 48-60 months, as well as different age groups in early child-
hood. This would allow for the observation of differences arising from age-related cognitive
development. Additionally, larger sample sizes could be utilized to examine variables
such as gender, location, and socioeconomic differences. This would enable more gen-
eralized conclusions regarding the use of augmented reality in environmental education
for children. Furthermore, future studies could test the applicability of augmented reality
applications in various topics related to environmental education. Additionally, building
on this classroom study, it is recommended that research be conducted on how augmented
reality applications can be integrated into outdoor activities. Finally, for future studies, it
may be beneficial to use the Analysis of Covariance (ANCOVA), a method that compares
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data sets with two variables (treatment and effect, where the effect variable is called the
‘variate’) in the presence of a third variable (the ‘covariate’).

6. Limitations

This study has certain limitations. The data for this research are limited to 94 children
who participated in the study. Although larger participant groups are typically not pre-
ferred in studies testing technological devices and applications, more research is needed to
generalize the findings. Additionally, the age range of the children who participated in the
study is between 48 and 60 months. Therefore, the results of this study are limited to this
age range. Environmental education has a very broad scope; the current study is restricted
to the topics of the water life cycle, plant life cycle, and food chain. Furthermore, many
topics related to environmental education have utilized observation in nature as a method
for instruction. The present study is confined to the classroom environment. Additionally,
the current study employed 3D content as the augmented reality material.
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