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Abstract

The main purpose of thisresearch is to determine the effect of the REACT strategy in augmented reality applications
on the problem-solving skills of teacher candidates. A parallel mixed method, which converges from mixed research
designs, was used in the research. The study group of the research consists of 50 teacher candidates studying at the
Faculty of Education at Siirt University. The REACT strategy rubric was used as a data collection tool in the
quantitative dimension, and a semi-structured interview form, the researcher's and participant's diaries were used in
the qualitative dimension. Quantitative data were analyzed with a computer package program and qualitative data
were subjected to content analysis with the MAXQDA program. In addition, excerpts were made from stories,
researcher's and participant's diaries, and semi-structured interview forms through document analysis, thus
diversifying the data. As a result of the research, the problem-solving and critical thinking skills of the participants
improved in the REACT strategy used in AR applications. During the experiencing step of the REACT strategy,
which consists of interrelated steps, participants encountered problems and received support from their friends to
solve these problems.
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Introduction

Augmented reality and education

Augmented reality (AR) is a technology that allows the combination of 3D virtual objects and real -world entities
and real-time interactions (Uysal & Ozdemir, 2024), which is seen as a derivative (Erbas & Demirer,2015) and
extension of virtual reality (Ciloglu, Yilmaz, Yilmaz & Karaoglan, 2021).As seenin Figure 1, AR transfers real-
world events to a virtual environment and makes them available to the individual.

Mixed Reality (MR)

~g s
Real Augmen ted Augmented Virtual
Environment  Reality (AR) Virtudity (AV?  Environment

Virtuality Continuum (¥ C)
Figure 1. Simplified representation of a'virtuality continuum” (Milgram & Kishino, 1994:3)

The individual gains first-hand experience with augmented reality technology. The individual's interest in the
subject increases. Learning by doing occurs (Tomi & Rambli, 2013). It makes the learning process fun. The
individual's motivation for the lessonincreases. Abstract concepts become concrete. The individual reaches his/her
goals more easily with AR applications (Ozeren & Top, 2023). The individual has the opportunity to see objects
that he/she cannot see in real life and has difficulty reaching. A collaborative learning environment is created
(‘Yoon, Anderson, Park, Elinich, & Lin, 2018). Thus, the individual adapts to real-life situations more easily with
AR. All these features can be seenin studies on AR from past to present (Billinghurst and Henrysson, 2009) (See
Figure 2).
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Figure 2. History of AR - a brief timeline (Yuen, Yaoyuneyong & Johnson,2011:122)

In 1901, thoughts about AR were included in the book "The Master Key" by Frank Baum, author of The Wizard
of Oz. Considering AR applications, cinematographer Morton Heilig invented Sensorama, a multi-sensory
machine that stimulates the five senses, in 1957. In 1968, Ivan Sutherland designed the first head-mounted viewer,
which he called the Sword of Damocles (Turhan, Metin & Ezberci Cevik, 2022). The term augmented reality was
first coined by Tom Caudell, a Boeing researcher, in the early 1990s (Lee, 2012). In the mid-1990s, wearable
computers were used for mobile AR applications in AR-related studies (Yuen, Yaoyuneyong & Johnson, 2011).
In addition to the technologies usedin these years, various projects relatedto AR have attracted attention. For
example, Columbia Hardware's MARS project (Billinghurst and Henrysson, 2009) is important work for AR.
Besides this, the Aumentaty project developed by the Labhuman laboratory, the BuildAR project developed by
the Polytechnic University of Valenciain Spain and the HITLabNZ laboratory at the University of Canterbury in
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New Zealand aim to integrate AR applications into the classroom. Similar applications are also found in European
Union-funded research projects such as CONNECT (2005-2007), CREATE (2004) and ARISE (2006-2008).
Aurasma, known as an augmented reality platform, is a project called Science Center to Go, which offersaflexible
learning environment to the individual (Martin-Gutiérrez, Mora, Afiorbe-Diaz & Gonzalez-Marrero, 2017).
Magicbook (Billinghurst, Kato, & Poupyrev, 2001) applications, inwhich normal textbooks are used as the main
interface, pictures are examinedin the textbook, and readings are made, are seenas AR studies that attract attention
in education.

REACT strategy

Basic skills such as literacy, critical thinking, creativity, and problem-solving are tried to be acquired by the
individual in the 21st century with AR applications (Papanastasiou, Drigas, Skianis, Lytras & Papanastasiou,
2019). Individuals who use these skills increase their command of concepts in AR environments (Wibowo, 2023).
Nowadays, when concept teaching is considered important, some strategies, such as REACT, are used in
educational environments for the individual to explore the concept indepth. The REACT strategy, developed based
on the context-based learning approach, was first described inthe publication titled "Strategies for Mathematics:
Teaching in Context" in the journal Educational Leadership and in two publications titled "Teaching Mathematics
Contextually" and "Teaching Contextually" published within CORD (Arikan, 2019). This strategy was introduced
to the scientific world with the studies of Souders and Crawford (Ultay, 2014). REACT strategy, like AR
applications, conveys scientific concepts to the student by associating them with daily life (Acar & Yaman, 2011).

The REACT strategy, introduced in the report prepared by Crawford (2001), consists of the steps of Relating,
Experiencing, Applying, Cooperating and Transferring (Costu, 2009). Crawford (2001) states that the first phase
of REACT constitutes the heart of constructivism. When learning a new concept, individuals always associate the
new concept with the concepts they are familiar with. In AR studies, the student always establishes arelationship
between previous information while transferring his/her real-life information to the virtual environment (Ozaltun
& Kahraman, 2024). In other words, AR makes available virtual objects that are added to or associated with the
real world, allowing the individual to see the real world (Azuma, 1997). In the second stage of REACT, there is
learning by doing (Catlioglu, 2010). Students come to class with some knowledge from their previous lives.
Sometimes this makes the teacher's job difficult. Because while the teacher teaches new information, the student
can benefit from past misconceptions. However, with the REACT strategy, the teacher observes the student at this
stage and helps him/her make new discoveries with a sense of curiosity (Wahyuni, 2013). The teacher uses hands-
on, manipulatives, problem-solving, and laboratory activities in classroom practices inthis process, and student
success is tried to be increased. For example, it was observed that student success in Mathematics and Science
courses, where hands-on learning activities were used, increased by 70% in Mathematics and 40% in Science.

Manipulatives seemto be as effective as hands-on activities in increasing success. Manipulatives are tools used to
concretize abstractconcepts that are frequently used in mathematics lessons. Some computer programs, such as
Geometer's Sketchpad and Cabri, can be given as examples of these tools. The student visualizes the concept,
explores it, and answers questions about the concepts with these tools, which are mostly used in mathematics
classes. He/she uses problem-solving skills while answering questions. For example, in mathematics class, the
concept of ratio is explained by associating it with making fruit juice. Then the teacher asks the class, "How much
concentrated fruit puree and water are needed to make fruit juice?" By using problem-solving skills, the student
associates relevant information and suggests different solutions (Costu, 2009). Similar applications and phases are
also found in AR. In AR studies, students learn to discover knowledge by using problem-solving skills. Since
2009, The British Museum has been using AR to teach childrenabout the Parthenon gallery. Using their tablets,
children can play an augmented reality game called'A Gift for Athena', which uses sculptures from the museum'’s
collection. Again, AR technologyis adapted to the classroomthanks to the Massive Open Online Course, allowing
students and teachers to explore the water cycle (Bingol, 2018).

In the third stage of the REACT strategy, the concepts to be used are introduced. In the application phase, students
turn the concepts they have learned into practice through hands-on and problem-solving activities. The aim of the
applications is to enable the student to learn the concept more deeply. For this reason, it is expected that their real
situationsare brought to the classroomenvironmentas much as possible (Abebe, Tafari & Faris, 2024). The fourth
phase of the REACT strategyis cooperation. Here, the student manages the process by sharing and communicating
with others (Giines, 2023). The last stage of the REACT strategy is using information outside the classroom
(Akgiirbiiz, 2023). The REACT strategy embodies events/situations as in augmented reality. As Palanciand Turan
(2021) state, communication channels are diversified by using virtual tools in augmented reality applications.
Similarly, in the REACT strategy, the topics are conveyed by using tools and communication channels are made
meaningful with these tools.
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Importance of research

It appears that there are international and national studies on the REACT strategy. In these studies, the REACT
strategy was associated with different variables. For example, Herlina and lIimadi (2022) state in their study that
the REACT strategy has a significant effect on high-level skills such as problem solving, critical thinking, and
creative thinking. In addition, the topics of research associated with the concept of the REACT strategy are listed
below:

Concept teaching (Rahayu, 2017; Junedi & Ayu, 2018; Anas & Fitriani, 2018), problem-solving skills
(Durotulaila, Masykuri & Mulyani, 2014; Sari, Darhim & Rosjanuardi, 2018), critical thinking skills (Nisa,
Lesmono & Bachtiar, 2017; lhsani, Langitasari & Affifah, 2020), problem-solving, mathematics strategies, self-
efficacy (Irjayanti & Heri, 2015; Putri & Santosa, 2015), scientific process skills (Tatli, 2020),

Ways of reasoning in mathematics class (Pramata Sari & Darhim, 2020; Kurniawati, Andriani & Nendra, 2021),
its effect on mathematics skills (Suryaningtyas & Halimah, 2017),

The effect of the GeoGebra-supported REACT Strategy on the understandability of Geometry Concepts (Jelatu &
Ardana, 2018) and the effect of GeoGebrasoftware supported REACT strategy on students' mathematical skills
(Nurzannah, Muliana, Herizal, Fajriana, & Mursalin, 2021),

Evaluation of applications based on the REACT strategy (Demirtas Senel, 2023 ), investigation of the effect of
activities developed according to the REACT strategy (Ultay, 2014),

When looking at the research in general, it can be seen that it is mostly focused on mathematics lessons. The
studies consist of qualitative and mixed research. In experimental studies, certain variables have been triedto be
revealed in the form of application. In particular, the technological variable was used in only one study. However,
in today's 21st century, technological education is the feature that should be taken into consideration the most. The
understanding that forms the general perspective of societies with education 5.0 supports this feature. Based on
this, augmented reality applications were included in this research, and the participation of prospective teachers,
who are the teachers of the future, in research with technological tools was tried to be supported. In the research,
the REACT strategy was used in augmented reality application and the effect of the application process on the
problem-solvingskills of teacher candidates was triedto be determined. The fact that augmented reality application
is not used in many studies on the REACT strategy makes this study unique. In other words, no national or
international study has been found that uses and associates augmented reality with the REACT strategy.

Purpose of research
What isthe effectofthe REACT strategy on the problem-solvingskills of teacher candidates in augmented reality-
based applications?

1.What are the opinions of prospective teachers about AR-based applications?
2.What are the opinions of prospective teachers about the REACT strategy in AR-based applications?

Method
Research model
Convergent Mixed Methods Designwas used inthe research. Inthis design, the researcher collects qualitative and

guantitative data together. These are analyzed separately, and in the findings section, qualitative and guantitative
data support each other (Creswell & Creswell, 2018) (see Figure 3).
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Figure 3. Convergent Mixed Methods Design (Creswell & Creswell, 2018)

If the researcher has limited time, has sufficient knowledge about collecting qualitative and quantitative data, and
thinks that qualitative and quantitative data will be explained equally, he/she can use a convergent mixed method
design in his/her research. For this reason, the convergent mixed design is seenas a strong design in which both
types of data are considered together (Creswell & Plano Clark, 2018).

In the convergent mixed method design, data collection tools such as interviews, documents and observations are
used. The qualitative and quantitative data obtained here are analyzed separately. Based on this information, three
steps were followed in this research:

* Determination of quantitative research * Determination of qualitative research questions
questions and quantitative approach and quantitative approach
s Planning nine-week process » Planning nine-week process
- * Collecting Quantitative Data ¢ Collecting Qualitative
& ¥v' Obtaining permissions, ¥’ Obtaining permissions,
E v" Determination of quantitative sample, ¥" Determination of qualitative sample,
v Creating a REACT strategy rubric v' Preparation of semi-structured interview
prepared for AR-based stories to form,
determine problem-solving skills. v Preparation of researcher and participant
diary template.
» Using a computer package program for the e Qualitative data obtained from the semi-
: quantitative data in the REACT strategy structured interview form and diaries were
E rubric. subjected to contentanalysis in the MAXQDA
w2 program.
: * Combining and interpreting quantitative and qualitative data
E * Digplaying datawith tables and Fig s
0

Figure 4. Research design flow chart according to convergent mixed methods design

Before collecting the data, the necessary official permissions were obtained in line with the Siirt University Ethics
Committee Decision No. 795 dated 14.03.2024. Then, as seenin Figure 4, experimental procedures were started.
50 students were included in the experimental procedure. In this sample, the Single Group Pre-test - Post-test
Design, one of the pre-experimental designs, was applied (see Figure 5).

UP o Quantitative Data
GRO Quantitative Data AR based applications +
A - -
Qualitative Data Qualitative Data

Pre-test measurement  Experimental Procedure Post-test measurement

Figure 5. Experimental process suitable for mixed study

As seenin Figure 5, the REACT strategy rubric prepared for AR-based stories (pre-experiment A and post-
experiment B form) to determine problem-solving skills in the quantitative dimension was used as pre-test and
post-test. During the experimental process, researcher and student diaries and participant studies were included
through document analysis. Participant studies consist of AR-based applications. After the experimental
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procedure, a semi-structured interview form developed by the researcher was applied to the participants in the
qualitative dimension. In these applications, some precautions were taken by the researcher for internal validity.
First, the researcher randomly selected the participants. In this way, the distribution of participant characteristics
is impartial. Since it was a single-group process, there was no separation of control and experimental groups. In
external validity, the researcher limited his/her ideas about the study to the groups to which the results would be
generalized. After all these processes, the data were combined and interpreted.

Working group

The study group of the research consists of 50 (66% female and 34% male) teacher candidates studying at the
Faculty of Education at Siirt University. 68% are 2nd grade students, 20% are 3rd grade students, and 12% are 4th
grade students of the teacher candidates. These classes, 22% are studyingin Classroom Teaching, 12%are studying
in Elementary Mathematics Teaching, 12% are studying in Turkish Teaching, 8% are studying in Social Science
Teaching, 12% are studying in Science Teaching, 12% are studying in English Teaching, and 22% are studying in
Guidance and Psychological Counseling.

The activities were carried out in the Drama in Education course. The participants participated in the activities
voluntarily and their approval for voluntary participation was obtained. Participants were determined using an
easily accessible or convenient sampling method, one of the qualitative research sampling methods. Accordingto
Baltac1 (2018), it is preferred by researchers as it does not require much cost and can be easily reached by
participants. In this study, the researcher chose this sample because he/she used the REACT strategy in augmented
reality-based applications in the courses he/she conducted, knew the participant group and could easily reach the
participants.

Data collection tools
Quantitative data collectiontool

In the research, the REACT strategy rubric prepared for AR-based stories was used to determine the problem-
solving skills of the participants in the quantitative dimension. Firstly, two different stories were prepared for the
pre-test and post-test. In form A and form B, the problem-solving skills of the participants were tried to be
determinedwithin the framework of the REACT strategy. The REACT strategyrubric developed by the researcher
was used in the stories to determine both the AR-based applications and the participants' level of skills in the
REACT strategy steps. The purpose of the Brookhart (2023) rubric is to determine the individual's performance.
Sometimes awrittenarticle, sometimes oral communication, and sometimes structured objects are evaluated with
this data collectiontool. Rubrics are divided into two: analytical and holistic. Ananalytical rubric was used in this
research. The reasons for this are listed below:

v' Detailed scoring of the Relating, Experiencing, Implementing, Cooperating and Transferring steps of the
REACT strategy,

REACT strategy steps are multi-dimensional,

Performance dimensions and levels are observable,

Sufficient time to be used to evaluate performance,

Obtaining more reliable results than holistic,

Being process-oriented,

Determining the participants' weaknesses and strengths

AN N N N NN

In the study, the steps suggested by Goodrich (2000) were used while developing the REACT strategy rubric.
These are as follows: 1) The best and worst performances were determined 2) participant studies were used 3)
performance criteriawere listed4) mutually inclusive criteriawere not included in the scope of the research. Thus,
content validity was triedto be ensured. 5) Performance levels were determined and appropriate scoring was made
(such as writing = 3, not writing = 0, giving an example = 5, not being able to give an example = 0, etc.). 6)
Applying draft rubric to 15 students who were not included in the main application. The aim here is to determine
the suitability of the language and expression for the participant group. 7) Expert opinion was taken. To determine
the suitability of the performance criteriafor the participant group and the research purpose, the opinions of two
experts in the field of Curriculum and Instructionand two Turkish teachers were consulted.
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Qualitative data collection tools

As a qualitative data collectiontool, asemi-structured interview form developed by the researcher and researcher
and participant diaries through document analysis were used. While preparing the semi-structured interview form,
the purpose of the researchwas first taken into consideration. Then a question pool was created. Six questions
were prepared for the pilot application. Expert opinionwas taken to ensure the suitability of the questions to the
participant group and the scope of the research (Curriculum and Instruction Department, Turkish Teacher). After
expert opinions, the number of questions was reduced to four as two questions covered the other questions. The
final formwas applied to a group of 20 participants who participated voluntarily.

Participant and researcher diaries about the process were included throughout the experimental procedure. As it is
known, diaries are used in qualitative research. According to Ersoy (2015), diaries are data collectiontools used
to conwey an individual's feelings and thoughts. The individual conwveys his/her indecisiveness, observations,
feelings and thoughts through diaries. In this study, diaries were used to support quantitative and qualitative data.
Direct quotations were made in the diaries using the code "K" for the participant and the code "A" for the
researcher.

Analysis of data

A computer package program was used for the data obtained fromthe REACT strategy rubric prepared for the
storiesused in the pre-test and post-test. A normality test was performed when analyzing quantitative data. As a
result of the normality test (skewness=2,764 and kurtosis=9,609), Wilcoxon Signed Ranks Test was used.
While analyzing qualitative data, the MAXQDA program was used and the data was subjected to content analysis.
The following steps were taken into account when analyzing the data in Figure 6.

Interprating thhe Maoaning of ’

Themes/ Descriptions
-

(e.52.. proundec ThheOry, Case study)

Intaearrelating Thoemes/Description I
L 4 -

TMnhomeoes Doescription |
. -
Val 22 r g tr ~
Valiaating g Coding the Data
Accuracy of thhe
(thand or computer)
Information =

Reading Through ALl Date \

»

Orgamnizing and Proeparing
Data for Analysis
-

Raw Data (transcripts, i
fieldnotes, IMmages, et > |

Figure 6. Data Analysis in Qualitative Research (Creswell & Creswell, 2018)

STEP 1: In this research, the data obtained in the semi-structured interviewform and diaries were numbered from
1to 20.

STEP 2: In this stage, data is prepared and organized for analysis. The researcher took the necessary notes within
the framework of the general ideas of the participants.

STEP 3: The data in the interview form was read carefully by the researcher and the coding process started. A
code listhas been createdfor this. The coding processwas first done manually and then transferredto the computer
environment.

STEP 4: After the coding process, different and similar codes were classified and collected under certain themes.
STEP 5: Themes are visualized in the MAXQDA program and shown in the findings section.

STEP 6: Images are interpreted in the findings section.

In the nine-week research, the MyWebAR internet interface and the QR codes created on this site were used for
AR applications. QR codes createdonthe internet interface are made available to students through QR code readers
on students’ phones.

Ensuring validity and reliability

First of all, each criterion was expressed clearly and understandably to ensure validity in the quantitative
dimension. For example, the REACT strategy rubric consists of five performance dimensions: Relating,
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Experiencing, Applying, Cooperating,and Transferring. In the Relating dimension, certainlevels were determined
to determine the criterion for feeling/realizing the problem in the story read (Writing three problems = 3 points,
Writing two problems = 2 points, Writing one problem = 1, Writing no problems = 0). Secondly, care was taken
to ensure that the general structure of each criterion was limited to its own purpose and did not interfere with other
criteriaforvalidity. For example, in the Experiencing dimension (writing ascenario with a main character, at least
three supporting characters and a locationin the story = 5 points) (Showing and explaining the scenarios onthe
interactive board = 5 points, adding a new main and three supporting characters to the scenario = 4 points, adding
at least three objects to the scenario = 3 points, not doing any activity = 0 points). For validity, care was taken to
include all characteristics to be measured in the scoring key. The scoring key includes five dimensions and 46
performances. These performances were scored separately throughout the process and AR applications and
activities were carried out accordingly. For reliability, consistency was calculated by scoring 46 performances by
two different raters (interrater reliability).

Different studies have been conducted on validity and reliability in the qualitative dimension. As Arslan (2022)
stated, one of the ways to ensure validity is credibility (internal validity) and transferability (external validity). In
the research, long-term interaction was established with the participants regarding credibility. The participant
group was observed through diaries and their thoughts were written down. Triangulation was made using
quantitative and qualitative data collectiontools. Regarding transferability, the whole process was explained in
detail and the process was detailed with researcher-student diaries. In reliability, consistency between coders was
checked for consistency in the coding process. For this purpose, Miles and Huberman's reliability formula was
used and was calculated as .96.

Ethics approval notification

Ethical permission (Date: 14.03.2024-Number: 795) was obtained from Siirt University Ethics Committee for this
research.

Results and Discussion

The effect of the REACT strategy inaugmented reality-based applications on the problem-solving skills of
teacher candidates

The analysis performed to determine the effect of the REACT strategy with AR applications on the problem-
solving skills of teacher candidates is included in Table 1.

Table 1. Wilcoxon Signed Rank Test results regarding the problem-solving skill scores of teacher candidates in
the REACT strategy in augmented reality-based applications

MEASUREMENT N Mean Rank Sum of Ranks  Z p
Relating step Negative Ranks 0 ,00 ,00 -6,195 0,00
Post-test Positive Ranks 50 25,50 1275,00
Pre-test Ties 0

Total 50
Experiencing step Negative Ranks 0 ,00 ,00 -6,180 0,00
Post-test Positive Ranks 50 25,50 1275,00
Pre-test Ties 0

Total 50
Applying step Negative Ranks 0 ,00 ,00 -5,860 0,00
Post-test Positive Ranks 45 23,00 1035,00
Pre-test Ties 5

Total 50
Cooperating step Negative Ranks 0 ,00 ,00 -6,094 0,00
Post-test Positive Ranks 48 24,50 1176,00
Pre-test Ties 2

Total 50
Transferring step Negative Ranks 0 ,00 ,00 -5,618 0,00
Post-test Positive Ranks 40 20,50 820,00
Pre-test Ties 10

Total 50
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As seenin Table 1, there is a significant difference between the pre-test and post-test scores of the participants in
the problem-solving skills in the REACT strategy steps in the activity studies conducted with AR applications (p
<0.05). It was observed that the participants' problem-solving skills scores increased in the relating, experiencing,
applying, cooperating and transferring steps of the REACT strategy. In addition, it can be said that there was no
increase in the problem-solving skills scores of O participants in relating and experiencing, 5 participants in
applying, 2 participants in cooperatingand 10 participants in transferring. As stated by Keskin and Cam (2018),
individuals associate what they have learned with daily life with the REACT strategy. A similar opinion is valid
for AR applications. In fact, in the participants' opinions about the AR application, it is stated that AR facilitates
learning and concretizesthe subject. For the individual, both AR and the REACT strategy provide a meaningful
structuring of learning and the development of problem-solving skills. Guntur, Setyaningrum, Retnawati, and
Marsigit (2020) touched upon the contributions of AR to problem-solving skills in their study. Although AR
applications have positive aspects, their negative aspects were also mentioned in the study. The inadequacy of

technological infrastructure in classes is seenas the biggest problem. In solving such problems, individuals again
tried to solve them by using their problem-solving skills.

Opinions of teacher candidates on AR-based applications

The opinions that the participants wrote in their diaries on AR applications are shown in Figure 7.
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Figure 7. Opinions on AR-based application- Code-Theory Model

As seen in Figure 7, there are positive and negative opinions about the AR application in the diaries of 50
participants. Among the positive opinions, the most emphasized code is entertainment and improving problem-
solving skills. Among the negative opinions, the most notable codes are taking time and the lack of technological

infrastructure. Some quotes from the participants' positive and negative opinions about the AR application are
given below in Figure 8, Figure 9 and Figure 10.
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Today was very fun for me. | expressed my opinions for the solution of the problem in the story. | saw the three-
dimensional shape of our drama class with the program that | liked the most. (K1-6.05.2024).

Figure 8. AR-based application
The fact that the lessonis funand allows me to focus on the subject makes my learning easier. (K5-15.04.2024).
.... | added objects inthe AR program depending on the story. It was very fun. It was like | was playing a game at
home... (K17-14.05.2024).

Figure 9. AR-based student application
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The contributions of these activities to me are as follows: First, the lessonis fun... (K10-22.05.2024).

.... | suggested a solution related to the place. It takes a lot of time and | think it is a burden for people... (K3-
27.05.2024).

The only problemisthat it takes time. You need to be very well preparedfor these applications. (K13-29.05.2024).
... You experience problemswhen you do not have a technological infrastructure. (K19-20.05.2024).

N O -"uv .- 7~
VRS N W

Figure 10. Activity class

The only problem is the lack of technological infrastructure... Our classes are not sufficient interms of
technological infrastructure. (K50-24.04.2024).

In addition to the participants' diaries, quotes were also made from the researcher's diaries.

In the first weeks, students did not have any information about the AR application. Today, | gave general
informationabout the AR application. (A-18.03.2024). Today, | saw that a few students were interested in this
concept. They said they had heard about this concept on the internet before. (A-19.03.2024). The students'
approaches excited me. | think that participationwill increase as their knowledge about what to do increases. (A-
20.03.2024). Having a technologically supported lesson for the students increased their motivation for the lesson.
This is our second week. Howewer, | noticed that some students were introverted. (A-1.04.2024). Again, on a
different day, the application that the students enjoyed the most was the role-playing phase. After the story was
read, they performed role-plays based on the story. They even brought their friends from other classes. (A-
20.05.2024). (A-20.05.2024) The point that students complain about most is the insufficient technological
infrastructure of the classroom. In order to minimize this situation, emphasis was placed on group work. (A-
24.05.2024).

Opinions of teacher candidates on AR-based applications

Among the opinions of teacher candidates on the REACT strategy in AR-based applications, the first one is the
definition of the REACT strategy. Participants’ opinions on the definition are given in Figure 11.
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Figure 11. REACT strategy definition- Code-Theory Model
As seenin Figure 11, when defining the REACT strategy, participants mostly emphasized that it is a process
consisting of interrelated steps and providing experience to the individual. Some of the participants' opinions are
given below.

I think it's like the links of a chain. Each link completes the other (K1).

When it comes to REACT strategy, the first thing that comes to my mind is the interrelated steps (K5).
It's an application that gives people life experience. (K2).

It's a strategy that gives me a lot of experience, and these experiences create meaningful knowledge. (K3).

Herlinaand limadi (2022) and Jelatuand Ardana (2018) state intheir studiesthat REACT consists of various steps
and that these steps are interconnected. The individual's problem-solving skills develop at each step (Durotulaila,
Masykuri & Mulyani, 2014; Keles, 2019; Suryaningtyas & Halimah, 2017). In addition to problem-solving skills,
21st century skills such as critical thinking are also used (Nisa, Lesmono & Bachtiar, 2017; lhsani, Langitasari &
Affifah, 2020). These skills are used at every step and sometimes higher-level skills are more prominent at certain
steps. For example, in the research, participants encountered more problems at the experiencing stepConsidering
the general characteristics of this step, the individual learns by doing and learns various concepts (Durotulaila,
Masykuri & Mulyani, 2014; Bestas, 2022). What is important is for the individual to use their problem-solving
skillsinsolving the REACT stagesand the problems encounteredinthe stages. In thisresearch, participants sol ved
their problems by working collaboratively and getting support from their closed circle.

The second opinion of teacher candidates on the REACT strategy in AR-based applications is the skills developed
with AR. Participants’ opinions on skills are shown in Figure 12.
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Figure 12. Skills developed in AR application- Code-Theory Model

As seen in Figure 12, the participants’ critical thinking and problem-solving skills improved the most with AR
applications. Participants’ opinions on these two skills are given below Figure 13 and Figure 14.
My critical thinking skills improved the most in discussion groups (K4).

Figure 13. Student scenario

I used my critical thinking skills a lot while expressing positive and negative opinions about the subject (K10).
My critical thinking skills improved. This skill of yours improves because you are constantly expressing your
opinions about the stories. (K17).

International Journal of Contemporary Educational Research | ISSN: 2148-3868



584 « Kog-Akran

Figure 14. Student scenario

Problems arose at many stages of forming groups and writing scenarios. For this reason, my problem-solving skills
improved (K3).

My problem-solving skills improved. Because when we acted without planning, we encountered many problems.
You inevitably find solutions to the problems (K14).

I can say this directly. My problem-solving skills improved a lot. Subjects encourage people to learn. There is a
problemin every new subject you learn and you use your problem-solving skills to solve this problem (K19).

The third step among the opinions of prospective teachersonthe REACT strategy in AR-based applications is the
step in which they have the most problems with the REACT strategy. Participants’ opinions on the steps are given
in Figure 15.

| 8

\M/
Applying step (4)
f 4
L%

; Expericnci .
Transferring step (1) xperiencing step (7)

%

Cooperating step (4) Relating step (4)

THE MOST PROBLEM-FACING REACT STEP IN AR APPLICATIONS
Figure 15. The most problem-facing REACT step in AR applications- Code-Theory Model

As seen in Figure 15, participants experienced more problems in the experiencing step of the REACT strategy.
Participants' opinions on these problems are given below.

In the experience phase, | had disagreements with my group mates while writing new scenarios based on the story
(K®6).

Experience phase. While we were thinking of creating small groups, we created large groups. We wrote a very
broad scenario (K12).
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Fourth, the participants' opinions onsolving the problems theyencounteredin the REACT strategy steps are shown
in Figure 16.

-
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N\ II
') ]
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Figure 16. Problem solution suggestions - Code-Theory Model

As seenin Figure 16, the most emphasized solution suggestions for the problems encountered in the REACT
strategy steps include the participants getting support from their friends. Participants' opinions on this support are
presented belowin the form of quotes inFigure 17.

.... I exchanged information with my group mates (K2).

...I got help from my friends outside the class (K5).

'|l'1\||1 i
Hmuuj"' (i

! mnu.{,’"[ '

Figure 17. Student’s group activity

.... Then my friend helped me. Thanks to this help, different events came to my mind (K20).

Conclusion

AR applications were included in the research and the problem-solving skills of the participants were triedto be
determined with the REACT strategy used in these applications. As a result of the research, it was seenthat the
participants defined the problems in the given stories. They related the problems to daily life. Later, in group
activities, they wrote new scenarios based on the story. They added new characters and objects to the scenarios
that were read. The groups shared their opinions about these characters and objects. They suggested solutions to
the existing problems in the opinions. In addition, they tried to find an effective solution by determining their own
rules. They worked collaboratively to visualize the effective solutions they found. Finally, they discussed their
positive and negative opinions about the plot using the aquarium technique and problem-solving technique. Thus,
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the five steps of the REACT strategy were used in AR applications with the activities carried out and the problem-
solving skills of the participants were tried to be determined step by step.

In the study, participants define the REACT strategy as a process in which experiences are used and a cycle of
interrelated steps. It is seenthat AR applications, in which technologies are used extensively within the concept of
contemporary education, and the REACT strategy used in these applications make significant contributions to the
student's academic development and ability to use technology. In the globalizing world, individuals mostly use
problem-solving skills with AR technology, which is used extensively, especially in the field of education. Thus,
one of the common points of intersection of AR and REACT strategies is “problem-solving skills”. Many studies
are needed for this skill to be used more in today’s education. Therefore, more studies are needed on the use of
both AR and REACT in other courses and which skills students develop. This study focuses on problem solving
skills and other studies can be conducted onthe development of different skills.

Recommendations

In the study, it was tried to determine the effect of the REACT strategy on the problem-solving skills of teacher
candidates in augmented reality applications. Hybrid studies can be carried out for the use of the REACT strategy
in different education levels and courses. In these studies, AR applications can be considered and different high-
level skills of the participants can be determined.
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