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Abstract: Two devastating earthquakes occurred in the southeast of Tiirkiye on February 6, 2023.
Millions of people were damaged in these Kahramanmaras-centered earthquakes, which seriously
affected 11 provinces. It is known that children and individuals with special needs were most affected
by such traumatic events, and young children with special needs are in the group at the highest risk
in this respect. In this study, in which we employed qualitative phenomenological approach, we aimed
to reveal the experiences of special education teachers who worked or are currently working in the
earthquake zone with young children with special needs. In this study, we conducted semi-structured
interviews with 12 teachers determined by purposeful sampling and we analyzed the data
inductively. The findings demonstrate that the participant teachers provided services not only to
young children with special needs but also to all children in need. It is also noted that there were
deficiencies in planning for working with children with special needs, there were difficulties in
initiating and maintaining educational activities, and teachers' experiences of working in the region
had positive effects on them. Since the physical and psychological difficulties of the earthquakes and
the need for support in the region will continue for a long time, it is essential to provide training on
what to do in disasters to teachers who are currently on duty and those who will be assigned later.
The necessity of providing psychological support to teachers during active work in the region and
upon their return should also be underlined.

Keywords: Natural Disaster, Earthquake, Young Children with Special Needs, Special Education
Teachers, Phenomenological Approach

1. Introduction

Two devastating earthquakes occurred in the southeast of Tiirkiye on February 6, 2023, at 04.17 and
13.24, respectively (Disaster and Emergency Management Presidency [AFAD], 2023). More than 50
thousand people lost their lives, hundreds of thousands of buildings were destroyed, and 14 million
people were affected as a result of these Kahramanmaras-centered earthquakes, which affected 11
provinces in the region (Anadolu Agency [AA], 2023; Presidency of the Republic of Turkey, Presidency
of Strategy and Budget [PoSB], 2023). In addition to being destructive, the ‘February 6 earthquakes’, can
also be seen as the most damaging earthquakes in the country's history due to their devastating impact
on the economy and human life. A lot of lives shattered and millions of people’s livelihoods destroyed in
one day. So, this was really the disaster of the century for Turkiye. (AFAD, 2023) International
Federation of Red Cross and Red Crescent Societies [I[FRC], 2024).

As in most natural disasters, it is impossible to know the exact time when an earthquake will occur
(Indriasari etal., 2018; Isci, 2008), and individuals and children with special needs are harmed the most
by its possible effects. Most of the individuals with special needs move slowly and this is one of the usual
reasons for the risk. In addition, the type of disability with the co-current conditions of the individual
can also increase this risk (Hashemi, 2018). For instance, while it is thought that individuals with visual
impairments can be aware of natural disasters and take the necessary precautions, if these individuals
have co-current intellectual disabilities, it will be difficult for them to understand natural disasters and
apply the necessary safety skills (Alexander et al., 2012). Young children with special needs constitute
the group at the highest risk (Williams et al., 2008). Not having safety skills such as being able to create
a life triangle during an earthquake, moving away from risky places, and managing the crisis makes
young children with special needs more vulnerable to earthquakes (Aslangiri & Ackalin, 2019).

Earthquakes are considered important traumatic events in human life because they affect life suddenly
in a very negative way. It is known that the impacts of these traumatic events can be long-lasting,
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particularly for the children (Kurt & Giilbahge, 2019). The majority of individuals with special needs
may be ignored in natural disasters, which causes serious harm or death of these individuals. It has been
reported that the probability of children with special needs having a new disability or dying as a result
of the earthquake is considerably higher than that of their peers with typical development (TD) (World
Federation Occupational Therapy [WFOT], 2007). One reason for the high risk of new disabilities or
death is related to the difficulties in reaching individuals with special needs in search and rescue efforts.
White’s (2006) study clearly showed how these individuals were forgotten and could not be saved
during the 2005 Hurricane Katrina. Other studies also indicate that children with special needs and their
families who have experienced natural disasters often suffer due to the lack of planning for themselves
(Bilik & Akdag, 2023; Hemingway & Priestley 2006; Masten & Osofsky, 2010; Yarimkaya & Bakkaloglu,
2024).

In individuals with special needs, adaptation problems such as significant increase in behavioral
problems and significant decrease in displaying social communication skills and daily living skills can
be observed along with the earthquake disaster. Behavioral problems observed in these individuals can
continue to affect them even months later (Valenti et al, 2012). The re-emergence of previously
eliminated behavioral problems, the exacerbation of the child's reactions to the events, and the
emergence of new problem behaviors are possible changes that may be observed (S6giit & Kaya, 2024).
Since there is a correlation between children's self-regulation skills and social interaction skills,
particularly in early childhood, the quick return of young children to school and social settings after a
disaster significantly affects their return to normal life (Masten, 2007). In every emergency, schooling
is one of the most important requirements for society to stand on its feet, to return to normal life, and
to build a new life. Socialization in schools after trauma also plays an important role in the self-
regulation and adaptive behavior of young children with special needs (Ager et al., 2010).

Since teachers spend a significant time of the day with children in schools, their support in ensuring that
students' lives return to normal and providing a safe and supportive environment after extraordinary
situations is essential (Akman & Giindogdu, 2002). At this point, teachers play an important role to the
same extent as parents in helping children adapt to social life again. A study showed that children with
special needs stated that they felt safer with their special education (SE) teachers in case of any natural
disaster (Ronoh et al.,, 2015). On the other hand, according to an another study which focused on
teachers who support children suffering from traumatic stress, participant teachers noted that they
faced difficulties in supporting students in their daily school lives following trauma. Teachers revealed
that they did not well equipped to support their students since they had no trauma training and they
experienced difficulties engaging their students emotionally (Alisic et al., 2012).

To minimize the traces of the terrible earthquakes, several projects and initiation which provided
financial and educational support were launched. Emergency Appeal for Turkey provided support to the
immediate and/or long-term needs of people in the earthquake zone, such as food, shelter and
livelihoods, first aid and community health, mental health and psychosocial support (IFRC, 2023). The
Ministry of National Education started sending volunteer teachers to the region within the days after
the earthquake and immediately initiated education and psychosocial support processes (Ministry of
National Education [MoNE], 2023a). Volunteer SE teachers also took an active role in these processes
and took part in the education of children with special needs, who are considered the most vulnerable
segment in earthquakes and all other natural disasters. The General Directorate of Special Education
and Guidance Services has prepared an activity book to support teachers' practices in terms of
educational efforts and especially reinforce the teachers’ psychosocial support activities in the region.
This book includes various activities that aim to ensure that all children in the region, especially children
with special needs, are affected from the incidents in the region as little as possible, spend their time
effectively and their transition and adaptation processes are facilitated (MoNE, 2023b). Other bodies of
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the Turkish government initiated some efforts too. For instance, Disability Rights National Action Plan
is enured by Ministry of Family, Labour and and Social Services (2023). Within the scope of this action
plan, 110 volunteer sign language interpreters served the individuals with hearing impairment in the
region. Koc and Yal¢in (2023) also pointed out that Ministry of Family, Labour and and Social Services
provided care and shelter for the elderly individuals and the individuals with special needs right after
the earthquakes. In addition to these, various projects were carried out after the earthquake in order to
provide educational and psychosocial support for children with special needs and their families and to
ensure that students with special needs will be prepared for a possible earthquake in future (Gazi
University, 2023; Foundation for the Raising and Protection of Children with Intellectual Disabilities
[ZICEV], n.d.).

Some recent studies conducted with the teachers from different grades and/or disciplines at the region.
In their study, Arici et al. (2023) investigated the impact of the earthquakes on educational activities in
Kahramanmaras province by interviewing 42 teachers who witnessed the earthquakes and continued
to teach in the region afterwards. The interviews were conducted with these teachers to assess the
difficulties they encountered after the earthquakes. The results showed that issues about education
continuity, student participation, security and health conditions, psychological and emotional problems,
and management and logistical challenges were emerged. Also, additional efforts were put by the
teachers in order to find solutions to students' psychosocial problems. The study is also suggested that
students need a kind of post-earthquake education which should include topics such as adjusting to a
new life, psychological support, preparedness training for the unexpected events, disaster awareness,
values education, and social awareness. Teachers also emphasized the importance of preparing
education more inclusive and efficient (Arici et al., 2023). Similarly, Polat and Sarigam conducted a case
study with 25 teachers in Hatay province to explore the current issues they experienced as education,
nutrition, accomodation, transportation and other environmental, and psychosocial factors. It is quite
siginificant that all participant teachers indicated a need for comprehensive psychological support.
However, they also emphasized the adverse effects of delayed psychological support. The results
showed that accomodation problems of the students and especially school and classroom equipment
issues have not only affected students' academic performance but also increased the challenges faced
by teachers in the education process (Polat & Sarigam, 2024). Since the teachers who were and/or are
in earthquake region noted some significant issues about supporting their students in terms of
educational, social and emotional aspects, investigating the experiences of SE teachers specifically are
crucial. In the present study, we aimed to examine the experiences of SE teachers to provide services in
the region affected by the Kahramanmaras-centered earthquakes that occurred on February 6, 2023,
and who worked or are currently working especially with young children with special needs.

2. Method
2.1. Research methodology

Qualitative research which is the most suitable method for addressing a research problem when not
knowing the specific factors (Creswell, 2012) aims to reveal events or phenomena in a holistic and
realistic way within a naturalistic setting (Morgan, 1996). The main feature of a qualitative research is
to examine the subject in a comprehensive manner and understand it in depth (Creswell, 2012).
Phenomenological approach frequently used in qualitative research intents to explain the meaning of
the experiences of the individuals. In other words, phenomenology studies refer to all of the lived
experiences (Giorgi, 1997) and focus on understanding participants’ experiences with regard to an
event or phenomenon and how they explain the meaning of these experiences (Van Manen et al., 2007).
The phenomenology approach defines the true nature of the phenomenon by aiming to reveal the basic
structure of various experiences through individuals who experience and can reflect on the
phenomenon which the research focuses (Merriam, 2013). In the present research, we wanted to
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examine the experiences of SE teachers who worked or are currently working in the earthquake zone in
working with young children with special needs using phenomenological approach.

2.2. Participants

The participants of this study consist of 12 SE teachers who have worked or are currently working in
the provinces affected by the Kahramanmaras-centered earthquakes. We determined the participants
purposefully by criterion and snowball sampling. Criterion sampling aims to achieve a specific quality
or characteristic that is desired to be achieved (Kothari, 2004). In snowball sampling, it is possible to
reach other individuals who can contribute more to the study in question through one or more
participants who have been determined and reached in line with the study’s purpose (Patton, 2002). So
before we started our research we determined the criteria as follows: a. being a SE teacher, b. having
worked or currently working in the affected regions by the current earthquakes, and c. having provided
or currently providing educational services to young children (between the ages of 0-8) with special
needs. The second and the fourth authors are currently working in SE schools as SE teachers. So, each
of them reached out one interviewee through their school environment. After reaching these two
teachers meeting the aforesaid criteria, we reached other participants through these interviewees and
invited them to participate in the study. The table below contains information about the participants:

Table 1

Information About the Participants

Participant Gender  Age  City where the Date when the Duration of stay Is the participant
participant worked in participant went in the region currently working in

the region to the region (days) the region?
P1 M 24 Malatya 15t26.02.2023 6 No
Gaziantep 2nd 25.03.2023 7
P2 F 24 Hatay 03.03.2023 8 No
P3 M 24 Hatay 03.03.2023 8 No
P4 F 24 Gaziantep 26.03.2023 5 No
P5 M 24 Malatya 15t26.02.2023 6 No
Gaziantep 2nd 25.03.2023 7
P6 F 24 Kahramanmaras 19.03.2023 5 No
P7 M 24 Malatya 26.02.2023 7 No
P8 F 23 Gaziantep 26.03.2023 7 No
P9 M 23 Hatay 03.03.2023 9 No
P10 M 27 Hatay 01.03.2023 17 No
P11 M 26 Hatay 1st08.02.2023 7 Yes
Hatay 2nd 18.05.2023 -
P12 M 25 Hatay 15t 09.04.2023 7 Yes
Hatay 2nd 27.05.2023 -

Note: P1, P5, P11 and P12 went to the region twice. 15t and 2" time of their arrivals indicated at the table. P11’s first arrival to the region was
only for search and rescue operations.

2.3. Data collection

We conducted semi-structured interviews (Patton, 2002) with the participants to determine the
experiences of SE teachers in working with young children with special needs in the earthquake zone.
After verbally explaining the purpose and scope of the study to each potential participant, we sent the
informed consent form and set a time to interview individuals who decided to take part in the study.
Besides the questions in the interview form, the end of each interview, we asked the participants
whether there was anything they would like to add to be ensure that the participants reviewed the entire
interview. We conducted all the interviews online with an application used for video conference calls.
We audio-recorded all interviews and transcribed verbatim them later.
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2.4. Data analysis

We employed the inductive analysis approach (Thomas, 2006) to examine participants’ experiences
related to our study’s purpose in depth by systematically examining the raw data we collected from the
interviews. In inductive analysis, the researcher presents the results by coding, categorizing, describing
the raw data and reaching the main framework, unlike deductive analysis conducted to test an
assumption or theory (Thomas, 2006). In this sense, inductive analysis presents a structure that is easily
applicable and increases the trustworthiness of the results achieved with its systematic structure
(Strauss & Corbin, 1998). First we all read the transcribed files several times and took some notes. Then,
we came together and perform open coding by selecting the four interviews that we thought contained
the richest data. During the open coding, we marked the participants’ excerpts which were related to
our research and briefly wrote down the main idea or concept they contained. Then we divided the
workload for the other files and completed the coding process. After that, we gathered again and
reviewed our codes. We resolved the disagreements if there was any by discussing on it. We created
nine categories (subordinate themes) by grouping the codes and we eventually combined subordinate
themes into four superordinate themes. After the peer debriefing process, the themes were determined.

2.5. Trustworthiness and research ethics

Trustworthiness of the study was ensured by collaborative work (Gershon, 2009) and peer debriefing
(Creswell & Miller, 2000) processes. We worked for the study collaboratively every step of the way.
Additionally, we prepared a file containing excerpts of the participants that rationalized the subordinate
and superordinate themes we reached and we asked for opinions from two experts working in the field
of early childhood SE and also have experiences on conducting qualitative research. The ethics
committee document for this study was obtained from the Istanbul Medeniyet University Educational
Sciences Ethics Committee with the decision numbered 2023/04-09 dated 08.05.2023.

3. Findings

The results of the present study indicate four superordinate and nine subordinate themes. Although we
specifically focused on young children with special needs since the main purpose of our study was to
examine the experiences of SE teachers in working especially with such children, the participants
mentioned their experiences with all children with special needs in general. They also expressed their
experiences with young children through children with special needs and children with TD.
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Figure 1
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3.1. Reflections of the earthquake on teachers

The findings clearly show that the earthquake had some reflections on the participants concerning their
professional achievement and facing their own truth, both personally and professionally. The
participants also stressed the effects of the challenging nature of the experiences. Concerning
professional achievement, they mentioned how willing they were to go to the region and talked about
the contribution of their experience in working with different children, positive effects of going to the
region and the experiences they gained. At this point, P4 expressed her experience as, “I think I was
affected in a good way. You know, we saw those students as well in this way. Seeing them and gaining
different experiences affected me positively in professional terms.” P1 who went to the region more than
once, described his experience of working with different children in following way,

“I met an individual with autism... Another child actually had a learning disability... He was
between the ages of 6-7... There was also a young age group. There were 17-18-years-old
students. There were also a lot of Syrians and Afghans in the region where I was present, that
is 50%, maybe more. We were making announcements in Arabic as well as Turkish.”

This same participant noted his experience of how the process was coordinated when he came to the
region for the first time as,

“Frankly, it was a great experience for me to go there twice. It also benefited me greatly in
professional terms. You know, the next time we encounter such a disaster, God forbid! It
actually taught us what we could do and how we could approach it. For example, we
coordinated and arranged the situation at first. We set up the tents, did scanning, etc. It
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provided us with knowledge and experience about how we can manage the process if we
encounter such a disaster again.”

P2 emphasized the general positive impact of working in the earthquake zone on teachers by saying the
following, “It was a very good experience. Just think, | am 24 years old, and it makes me very proud to have
such an experience.” One of the other important findings that SE teachers questioned themselves
personally and professionally while expressing their feelings and thoughts about the earthquake zone.
P10 who has been a teacher for six years and worked in the earthquake zone for 17 days said,

“I felt a sense of professional satisfaction. This is the first time I've experienced such
satisfaction. 1 have been teaching for six years, and this is the first time I have been
professionally satisfied. In fact, before this I was asking myself 'Did I choose the wrong
profession? . Now it really made me say, 'Being a teacher is in my soul.’ I realized that I chose
the right profession and was doing a very meaningful job.”

P6 who encountered a different situation than she thought when she went to the region, expressed this
situation with the following words,

“You know I went there with great motivation. I was saying, 'I'm going to do this and that. I'm
strong'. But when I arrived there, [ saw what a limited being I was and how limited the areas
of my profession actually were.”

In addition to the negative emotions experienced by the participants, such as sadness, shock, and
inadequacy, the fact that their emotional states were affected by the challenging situations clearly
showed the challenging nature of the earthquake. While talking about his work at the beginning with
the education of students with special needs, P7 expressed the challenges of the process by saying, “It
was a tiring process, especially to find and screen students.” P12 who is continuing to work in the region,
expressed the sadness he experienced with one of the students with as follows,

“I have a student, four years old. He has autism. He lost his entire family. He only has his elder
sister and her husband. They rescued him from the wreckage and are looking after him. All his
other family members are dead. There are only two of them left and it makes me very sad every
time I see it.”

P11 who also continues to work in the region, described his emotional state when he went to the region
for search and rescue operations on the second day after the earthquake as,

“There was chaos there, it was really bad. I can’t find my tongue since the memories are bad. |
was psychologically affected a lot when I saw different people and different lives coming out
of the wreckage there. I felt very bad.”

3.2. Process of educational coordination in the earthquake zone

In the process of educational coordination in the earthquake zone, two important points draw attention:
how the situation immediately after the earthquake and the current situation are coordinated and the
turnover of teachers providing services in the region. Some points such the coordination process in the
region, problems and the current situation, the working environment and its effects were emphasized
by the participants. For instance, P7, who went to the region in the third week after the earthquake,
stated that he observed the coordination problems, “Actually, there was a huge lack of coordination in
terms of special education. The system was not fully established.” and P4 defined the coordination system
established in the region where she was present with the following words,

“Each province has a coordinator. For example, there was a coordinator of PCG, there was a
coordinator of special education, we also had a special education coordinator. But since he
was the coordinator of Islahiye district only, he has not got individual information about all

413



Sakarya University Journal of Education, 14(3) 2024, 407-425

students. He only had general information about how many students there were in the
container city.”

From P11’s statements, who had been in the region before for the search and rescue operations and
went there for the second time as a SE teacher and is currently serving in the region, it is possible to see
that the working environment and the system have already been improved,

“It has started to progress more systematically compared to the first time I came here. Classes
have been started in tent cities and container cities. It is systematic now. There were no
materials the first time I came. Now, there are a lot of materials. It’s much better in every
respect.”

Teacher turnover is another situation related to educational coordination, which is shaped around the
temporary teachers in the region and how children with special needs are affected by this. P10 stated
that teachers who came voluntarily left the region shortly after arriving and it is continued in this way,
“There was teacher turnover. A teacher comes here, stays for a week or so, then leaves.” P4 mentioned the
effect of this turnover on children with special needs as,

“Actually, they were children who could progress very quickly. But there was no permanent
teacher. They were very affected by the change of teachers. Children get used to seeing
strangers coming and going all the time. There was someone else a week ago, and there will
be another one the next week.”

Later in the interview, the same participant stressed the challenging effect of teacher turnover on
children with special needs in the following way, “Children had behavioral problems because of the
constant change of teachers, because of the lack of discipline.” Fortunately, in the interview conducted
with P12 who is currently working in the region, it is seen that as time goes by the process improves in
terms of decreased teacher turnover and permanent teachers starting to work in the region.

“The number of volunteer teachers has decreased, and the Ministry of National Education has
started to hire paid teachers. Fixed-wage teachers now work in most places. So turnover has
decreased.”

3.3. Educational activities in the shadow of the earthquake

Among the efforts to plan and deliver education under the influence of the earthquake and the events
experienced, the participants carried out a kind of screening and evaluation process through their own
efforts to identify children with special needs. P1 expressed this situation as follows,

“We determined students by our efforts. We were scanning the tents one by one, together
with a psychological counselor. And if there was an individual with special needs in one tent,
we were taking his/her report information, which tent was he/she in, family information,
phone number, and his/her name. We did such scans to find out how many students were in
a tent city, how many students should receive services, how many of them had a serious
condition, etc.”

It is clearly seen from P4’s statements that the participants wanted to start education by obtaining as
much information as possible from the families of the children they reached,

“When families brought their children for the first time, they used to tell us, their child knew

this and that, could not do this and that, it would be good for them if we worked in this
direction, etc. They used to express their wishes in this way. So we made evaluations and
started accordingly.”

Furthermore, it is understood from P5’s statements that there were also SE teachers who were trying
to deliver educational services to the tents where children with special needs were staying since these
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children had difficulties accessing educational services and their families could not bring them to the
points of SE services. He said,

“We had one student in the early childhood period. He was in a wheelchair, and his mother
could not bring him because he had severe epileptic seizures. Actually, his mother could not
leave her other child in the tent alone and come. Hence we started something called education
services in the tent. Our special education teachers working on a rotating basis, went to the
families’ tents to serve. While one teacher was working in a special education tent, the other
teacher was delivering service to the children, whom we would provide two hours of education
during the day, in their own tents.”

It is also seen that the SE teachers who participated in the study worked on what the situation there
prioritized when working with children with special needs. In this sense, the participants also provided
psychosocial support activities. For example, P6 stated that she also worked on how the families should
behave to their children with special needs due to the adverse effects of the earthquake which made
education and other life situations more difficult, in the following way, “We took families from time to
time and conducted parent trainings on how they could behave in this process.” This was sometimes
requested by families, like “There were parents who wanted psychological support” (P6) and sometimes,
it was performed to respond to a need arose spontaneously of some of the children, “We wanted to
reassure them. ‘Come, my child. It is quite safe here, a truck passed outside, this is the sound of it. This place
is solid. It won’t be destroyed.” We tried to provide that reassurance” (P3)

Social and psychological factors that negatively affect education include negativities that impact on the
performance of participants in the region. These can be listed as the social and economic deprivation of
the people in the region, the ongoing fear of earthquakes, the decrease in teacher motivation when the
neat organization cannot be provided, and the negative impact of the teacher turnover on children with
special needs. P8 expressed the problem that prevented a young child with special needs from
participating in education as,

“He was 3 years old and had hearing impairment. We worked with him there together with
teacher T. We had taken that child once or twice before. Later, when we called him with an
appointment, his mother said she was sick and could not bring him. So we said that we could
take him if she wanted. My colleague T. went to take the child. When he went there, the mother
said that she hadn’t sent him because he didn’t have socks and a coat and she was ashamed to
say it.”

P1 on the other hand emphasized that children did not come to receive education due to the fear of
earthquakes with the following words, “Many children were not coming due to the effects of earthquake.
We worked at school, which was a building not a tent. So families were afraid to send their children, and
children also were afraid to come.” P9’s statement regarding the negative impact of the lack of order in
the tent city on educational activities and teachers’ motivation is noteworthy,

“The fact that the tent areas were not established in a certain system was very demoralizing
for us. So, when there was a fight or any other incidents in the camp, in the tent area, etc., we
were very affected by it.”

P7 also stated that children with special needs could not progress at the desired level due to the short
stay of volunteer teachers coming to the region and frequent teacher changes, “The fact that teachers
change every week is very bad for students because students have a constant fear of separation. In this case,
the provided training is not effective.”

Settling of the neat system in the earthquake zone after a while is also among the very important
findings. In the interview we conducted approximately five months after the earthquake, P12 stated that
the problematic situations in the system in the region decreased and this had positive reflections as
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follows, “A system has been already established. We take children on an individual basis. So their families
are also satisfied.” P6 also indicated that as SE teachers continued their work, they received positive
feedback from families and they saw the reward of their work in children with special needs as “The
families were praying for and thanking to us all the time.”

3.4. Children of the earthquake

Under this superordinate theme, almost all of the participants talked about the different ages, types and
severity of disabilities of the children with special needs that they worked. They also emphasized their
experiences with children with TD. P6 expressed the types of disabilities of the children she worked
with as follows, “There were children with autism and Down syndrome, children groups with intellectual
disabilities, children with attention deficits and hyperactivity disorders, two students with hearing
impairment.” while P5 indicated the severity of the disabilities of the children in the following way,
“There were children with severe, profound disabilities. We had one young student like this.” P3 stated that
there were refugee children with special needs as well as Turkish citizen children by saying,

“There were five to ten children with special needs among refugees.” The emphasis of P10, who also
worked with children with TD in the region due to the lack of activities for these children for sometimes
is noteworthy,

“Nothing was available at that time for normal children, typically developing children,
children of preschool age. Then we tried to do something about it too. At least until something
was established for them, we also tried to serve these children.”

The participants of this study also revealed the ways of children with special needs in terms of how their
expressing the earthquake. P3 talked about an incident he experienced while working with children
with special needs as follows,

“While we were inside, let's say a garbage truck was passing by outside, children were hiding
under the table. It was the effect of the earthquake. Another thing with the legos. We were
playing with the legos and children were shaking them and saying, ‘There is an earthquake,
there is an earthquake.”

The following words of P5 concerning the situation of children with special needs, particularly the little
ones, developing challenging behaviors after the earthquake and the reflections of their negative
experiences on their relationships with their parents are also noteworthy:

“Children in early childhood generally have a tremendous dependency on their parents due to
the earthquake. Situations such as children crying when they go to school or crying when they
leave home are observed even in normal children due to their age. But it was something we
encountered very frequently in special education. After the earthquake, this situation in such
children was generalized to the point of developing reactions and displaying challenging
behaviors when their parents came out of the tent and reached a state that could not slow
down. In other words, the mother goes out of the tent to get food, the child knocks the tent
down, wondering where his mother is going. Or he would go together with his mother. These
kind of behaviors are strongly linked to the fear of staying away from parents.”

Another participant, P7 also shared the challenging behaviors he observed such,

“I had an 8-years-old student. He had mild autism. Before the earthquakes, this student used
to exhibit behaviors close to normal according to his mother. But afterwards, he suddenly
withdrew into himself, he has turned into a child who has withdrawn even from his parents
and does not communicate with them. He had only one toy. He has turned into a child who
continuously plays with it, does nothing else. He didn't want to go into the tent, he didn't want
to go to the playground, he didn't want to get involved in anything.”
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4. Conclusion and Discussion

In the present study, we examined the experiences of SE teachers who went to the region to provide
services in the provinces affected by the Kahramanmaras-centered earthquakes that occurred on
February 6, 2023, and worked or are currently working especially with children with special needs in
the region. The phenomenon that we focused on specifically was SE teachers’ experiences of working
with young children with special needs. However, the interviews’ results showed that the participants
provide services not only to all age groups and children with special needs but also to children with TD.
Therefore, we also discussed the results of this research upon this situation.

It is seen that the SE teachers participating in the study, experienced some important difficulties in the
regions where the earthquakes that affected 11 provinces, but their presence in the region led them to
gain some personal and professional acquisitions. Chen et al. (2022) stated that teachers working in SE
classes should increase their knowledge of the dangers of earthquakes and the needs and requirements
of students. The SE teachers who participated in our study noted that they did not know what they have
faced when they first came to the region and were worried about this. The statement of P6, “Due to the
situation I encountered when [ arrived there, I saw what a limited being I was and how limited the areas
of my profession actually were.” shows how tangible the situation in the region is and to what extent
teachers actually need support in improving their support and intervention skills after the earthquake
for children with special needs. As it is clearly pointed out Alisic et al. (2012) study, teachers might
experience difficulties and uncertainty in their roles and responsibilities regarding how to help students
suffered from traumatic stress. On the other hand, in our study, SE teachers in the region indicated the
positive contribution of their experiences in working with children with special needs. Teachers clearly
stated that it provided them with professional and personal skills and acquisitions. Nurses, the
participants of another study showing that individuals who worked in the region developed some
professional and personal positive awareness after a disaster with extremely dramatic consequences
like the earthquake we experienced, stressed that their experiences inevitably changed their lives
(Sloand et al., 2012).

After the Marmara earthquake in 1999 and the Van earthquake in 2011 in our country, the professionals
from all disciplines were sent to the disaster regions in the quickest way and thus various psychosocial
services were provided. After these disasters, it was revealed that progress was made in interventions
for children in the risk group and individuals with special needs, but it was still poor, not at the desired
level, and general coordination problems were experienced (Altun, 2016). Bulk of studies reported that
individuals with special needs are often forgotten and neglected after natural disasters and are more
negatively affected by such situations than other individuals. These studies revealed the lack of an
appropriate post-disaster planning (Bilik & Akdag, 2023; Hemingway & Priestley 2006; Masten &
Osofsky, 2010; White, 2006). A recent study on the Kahramanmaras earthquakes emphasized the need
for cooperation and coordination with individuals and institutions in order to maintain the continuity
of education after the earthquakes (Arici et al,, 2023). In our study, SE teachers indicated that there were
coordination deficiencies and problems when they first went to the region and SE services was not yet
established in a system in some places. The participants who worked voluntarily in the region
highlighted the fact that especially in the first days, there was chaos due to the coordination problems
in the services provided and they had to work in that chaos. In addition to the difficulties of working in
the earthquake zone, it is clearly seen that the problems experienced in planning and maintaining
services reduced SE teachers’ motivation to work. As Polat and Sarigam (2024) also found, teachers face
challenges that affect motivation and job satisfaction. More neat and practical system was established
in the region as time passed though, educational activities were also positively affected by this, and both
the places where educational activities were carried out and the duties of teachers providing services
became consistent. This improvement over time is clearly observed under the superordinate theme of
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educational activities in the shadow of the earthquake. In other words, as the coordination process
becomes systematic and predictable, its reflection on the field is positive.

The constant change and turnover of teachers who went to the region to take part in the education
process of children with special needs is another finding obtained from the study. The effect of this
turnover on both teachers and children with special needs is mentioned by the participants. Other
studies also report situations such as the inability to enter a regular education process due to teacher
turnover and children’s being unwilling to be separated from teachers after they have got used to them.
In the study by Ronoh et al. (2015), children with special needs as participants pointed out that they felt
safe when they are with their SE teachers. Teacher turnover adversely effects both the students and the
parents (Gibbons et al,, 2021). So, it might said that it also has a significant impact on an increase in
challenging behaviors of children with special needs and their long-term adaptation problems after the
earthquake. In addition to the personal and medical information of children with special needs, their
individual education plans may also be lost after the disasters (Stough et al., 2020). The loss of these
records made it difficult for teachers to reach children with special needs in an ongoing turnover and
create beneficial and suitable educational plans. In the current situation, the two SE teachers who are
still working in the region stated that teacher turnover decreased and permanent teachers are now
working in the region. Children with special needs continue their education within a predictable
environment, the system in terms of the educational services has started to be established, and families
are satisfied with this. The decrease in teachers’ turnover is positively reflected on children with special
needs and their families.

The study revealed that the participants made efforts to identify the children with special needs in the
earthquake zone and that they evaluated their educational performances after identifying the children.
This situation postponed the time for children with special needs to start education. Such children
became even more disadvantaged since these stages, which take time even in the normal flow of life,
had to be reconstructed due to the earthquake. It is seen that the absence of planning about what should
be done after natural disasters for children with special needs (Masten & Osofsky, 2010) made it difficult
for them to benefit from educational services. The fact that SE teachers started providing education
services at the families’ tents for children who had problems reaching out the education tents caused
them to make more effort and increased their workload. One mother’s (P8) expression about she could
not send her child to education because her son did not have socks and a coat, and she was ashamed to
say it, indicated that families could not express this kind of things. The fact that families affected by the
earthquakes did not send their children to the education tents because they were ashamed to clearly
say that their children did not have clothes is similar to the events after the 2011 Van earthquake (Bilik
& Akdag, 2023). Although 12 years have passed, this situation has repeated. Of course such an
unexpected and unfortunate event makes everything very hard and being organized for supplying food,
clothes and accommodation is almost improbable. Nevertheless, to prevent such a situation, one should
know and be aware how important planning in advance for what to do after natural disasters is.

It was also found that SE teachers, especially the first volunteer groups who went right after the
earthquakes, carried out psychosocial support also. Teachers who observed that children also needed
psychological support before their academic education needs shaped their work in this direction. This
shows that children with special needs and their families have the priority in terms of a need of
psychological support. We can say that the difficulty experienced by SE teachers who had to go beyond
the definition of their profession originated from a lack of planning for children with special needs in
natural disasters (Masten & Osofsky, 2010).

The quick return of young children to school and social settings after a disaster and return to their
normal lives ensure a harmonious relationship between children’s self-regulation skills and social
interaction skills (Masten, 2007). In situations outside the normal flow of life, schooling is one of the
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most important events for the recovery of society, returning to its normal life, and the construction of
new life (Ager et al., 2010). The participants of our study worked with children with TD as well in the
region. Our findings clearly shows that the SE teachers had to provide services to these children besides
the children with special needs. In this way, they supported all children in the region to receive the
necessary services before the school starts.

The unwillingness of young children to speak about the traumatic events they have experienced can be
interpreted as that children are not affected or that they cope with the trauma more easily by society
since they are too young and unaware of the events. The findings of our study are also supported by
other studies reporting findings similar to the situation mentioned (Gokler Danisman & Okay, 2017;
Schonfeld 2002). In other words, although children do not speak about earthquake, they are aware of
and are affected by it. Fisher (2000) stated that children could recreate events that might have traumatic
effects through play or drawing. In line with teachers’ views, we found that children with special needs,
as well as children with TD, recreated the earthquake while playing games and included it in their
conversations. All children including the ones who have special needs experiencing the effects of
traumatic events such as earthquakes through play. The event of recreating the earthquake by shaking
legos, clearly expressed by P3, is a striking example of this.

All participants stated that some changes were observed in social skills, communication and daily living
skills of children with special needs and that challenging behaviors emerged and/or increased after the
earthquakes. These findings of the study coincide with the findings of research mentioning the effect of
some traumatic experiences after such natural disasters (Beauchesne et al., 2002; Kurt & Giilbahce,
2019; Ronoh et al, 2015; Valenti et al.,, 2012; Williams et al., 2008). According to the results, the
behaviors of children with special needs differed before and after the earthquakes and challenging
behaviors increased. Our findings emphasized that there has been an increase in challenging behaviors
of children with special needs after the earthquake. This is an expected situation after traumatic events
(Beauchesne et al,, 2002; Deering, 2000; Kurt & Giilbahce, 2019; Masten & Osofsky, 2010; Valenti et al,,
2012) and it should be considered in the planning that should be prepared for the intervention for
children with special needs.

5. Recommendations
Based on the findings of the study, the following recommendations have been put forward:

e Upon evaluating all the results of our study, we think that for the efficiency and effectiveness of
studies after natural disasters, relevant official bodies and non-governmental organizations
should create prepared teams, considering the problems caused by teacher turnover in disaster
areas.

e Pre-disaster planning need to be considered among the precautions that should be taken to solve
the problems of SE teachers in terms of reaching children with special needs and their records
and prevent loss of time.

e Moreover, we recommend providing professional support regarding the psychological
adaptation difficulties that teachers who work actively in the region may experience during the
process and teachers who have returned from the region upon their return and providing
disaster training to teachers and preservice teachers within the undergraduate and other
education processes.

e Considering that families of children with special needs are more affected by natural disasters
compared to other families, it is also important to plan and provide training to families on
disaster preparedness and post-disaster processes.

e Since it is obvious that the physical and psychological difficulties of the Kahramanmaras
earthquakes and the need for support in the region will continue for a long time, we believe that
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all research to be conducted in the region will guide the practical work of the relevant
institutions.

e Toexamine the duration and status of the difficulties identified as a result of this study, it would
be useful to conduct longitudinal research on the experiences of teachers from all disciplines,
family members and, if possible, children with special needs themselves.
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opinions about using Al tools in education. The research was conducted using a case study. The
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1. Introduction

Today, digital technologies are turning a life that was once considered a dream and described in detail
by science fiction writers into reality. Authors such as Asimov (1950) pioneered us to start living these
dreams today by establishing these dreams that shape the present and the future. John McCarthy
introduced the concept of artificial intelligence (Al) in 1956. With technology developing since 1956, Al
has found a more significant place in our lives. Significantly since the early 2000s, the advancement of
digital technologies, the internet connecting millions of people and providing easy access and sharing of
information, has radically changed human life and pushed people to different pursuits (Erol et al., 2023;
Luckin & Cukurova, 2019). Ways of accessing and using information have evolved rapidly due to the
rapid advancement of digital technology and increasing knowledge. This evolution has led to Al
technologies and tools becoming more prevalent. As in every field, education and training activities have
been affected by Al technologies (Zang & Aslan, 2021).

In 1956, John McCarthy described artificial intelligence (AL) as "the science and engineering of creating
intelligent machines" (McCarthy, 2007). Mondal (2020) defined Al as the science and engineering of
producing intelligent machines that solve different problems through natural language processing,
neural networks, and machine learning. In other words, Al can be defined as an information technology
that can imitate human cognition. Al represents the capacity of computer tools to perform tasks that
often involve human intelligence, such as learning, reasoning, problem-solving, and decision-making
(Minkkinen & Mantymaki, 2023). According to Gondal (2018), Al has a skill set that can perceive human
cognition, reason, comprehend, make sense of, generalize, infer, learn, and perform multiple tasks
simultaneously.

Al technologies aim to personalize learning materials based on students' abilities, preferred learning
styles, and experiences. In this respect, researchers have recently been discussing the reflections of Al
on education and training activities (Bayraktar et al., 2023; Eren, 2021; Zhang & Tur, 2023) and
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researching the use of this technology with young children (Suetal., 2023; Yang, 2022; Su & Yang, 2023).
This change points to a new paradigm in learning and teaching methods. Within the framework of this
changing paradigm, this study focuses on the advantages, opportunities, challenges, and obstacles of
using Al in the primary school period from the perspective of classroom teachers. For this purpose, the
theoretical part first discusses the phenomenon of Al in education, discusses the advantages,
expectations, difficulties, and obstacles of using Al in education in the context of the literature, examines
the place of Al in teaching activities from the perspective of classroom teachers, and ends with the
importance of the study.

1.1. The age of artificial intelligence in education: Shaping the future

In the digital age, Al is reshaping many industries. It is possible to express one of these sectors as
education. In education fields, Al can help teachers predict students' learning status and performance,
recommend learning resources, and improve students' learning experience with intelligent teaching
systems (Liang et al., 2021; Zheng et al., 2021). The focus of Al in the field of education is Al literacy. Al
literacy refers to competencies that enable people to critically evaluate, communicate, and collaborate
with Al, as well as being an end user of Al tools (Druga & Ko, 2021; Holmes et al., 2022). However,
research focuses little on improving Al literacy in children and its effects (Su et al., 2023). Children may
need to learn how to use Al and the basic working principles behind these tools and may need
clarification about the technologies (Su et al., 2023). Recently, the development of more age-appropriate
software has allowed children to expand their opportunities to learn and explore Al and improve Al
literacy (Yang, 2022). Therefore, teachers' professional development of this new technology is essential
in their learning processes.

Today, young children are growing up with Al-powered technologies. Al-supported technologies have
begun participating in children's lives in every field, from computer games to socialization
environments. Focusing on this early interaction with Al systems, researchers have begun to examine
the possible effects of Al technologies on children (Edwards, 2023; Williams et al., 2019). At this point,
the literature questions whether preschool and primary school students are too young to discover and
learn Al knowledge (Su et al,, 2022). However, previous studies have shown that Al technologies are
promising for children (e.g., Lin et al., 2020; Tseng et al., 2021; Williams et al., 2019). Al education has
brought challenges and opportunities to early childhood education, including why children should learn
Al in their early years, the subset of basic Al concepts that children can understand, and meaningful
learning for children (Yang, 2022). In this respect, since Al is now part of the 'real’ world in individuals'
lives, including the early years, it is time to consider how and why information is important and how
people will use these technologies in the post-digital age (Edwards, 2023).

1.2. Children in the age of artificial intelligence: Opportunities and challenges

Al offers numerous possibilities for innovation, especially in early childhood education (Lomier, 2023).
With the increasing number of developmentally well-designed technologies for young children, young
children can discover Al through playful experiences (Su et al., 2023). Interaction with Al can help
children improve their digital literacy skills and attitudes and accelerate their progress in primary
school. However, it is acknowledged that young children have little knowledge or understanding of Al
(Su etal,, 2023). Supporting students' cognitive development can help develop motor skills, aid speech
and language acquisition, and enhance social-emotional learning, which can fundamentally change our
approach to early learning (Lomier, 2023; Su & Zhong, 2022). Parents can use Al toys and services to
create a digital environment for their children, and this new skill may make them more comfortable
using such tools and increase the likelihood that they will use it as part of their instructional designs in
the future (Knox, 2019; Su et al., 2023).
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Although studies on Al for young children are still in their infancy, researchers have begun to explore
how Al applications are used to facilitate student learning and the management of kindergarten and
primary school teachers (PST) through intelligent tutoring systems for special education, chatbots for
language education, and robotic kits in schools (Su et al. al., 2023). In early childhood education, Al-
powered toys allow students to learn robots and kits. It also provides a fun experience for children to
interact with them and support their coding skills. With well-designed Al systems, young children can
improve their Al literacy even in the early years (Williams et al., 2019). Students with Al skill proficiency
can think computationally based on their programming skills (Kim et al., 2021). Young children can
explore Al technologies and improve their digital literacy in their daily lives, even if they do not know
or understand the knowledge behind it. Education, health, and social opportunities for young children
form part of their daily lives and function as components of broader society. Al is now part of the natural
world where young children and their families live and, by extension, workplace employees (Edwards,
2023; Yietal, 2024).

Although studies on Al focus on the many positive contributions of Al technologies for children, there
are still various concerns. First, privacy and security concerns examine Al's effects on children's privacy
and safety (White, 2018; Akgun & Greenhow, 2022). Identity protection, financial security, and
preventing fabricated identities are critical to protecting children from Al technologies (UNICEF, 2019;
Zanetti, 2020). In addition, harmful content, location detection, biological security, and the potential
effects of Al on health are factors that need to be considered for the safety of children (Chou et al., 2017;
UNICEF, 2021). From the perspective of access to services and equity, the risk of Al and machine learning
leading to discriminatory outcomes must be considered (Ayala-Pazmifio, 2023; Kavale & Forness, 2019;
Mengesha, 2021). The issues of who can access which services, how these decisions are made, and
whether they are treated somewhat are essential for children's access to equal opportunities (UNICEF,
2021).

At another point, the contributions Al can make to the social development of children should be
examined (Kurian, 2023; Mengesha, 2021). At the same time, potential impacts on how children spend
their leisure time and how Al can promote purposeful leisure should also be addressed (White, 2018;
Akgun & Greenhow, 2022). Regarding cognitive and psychological effects, the effects of Al on the brain
should be examined. Issues such as the effects of this technology on children's psychological health,
depression, anxiety, and the development of social skills are essential factors to consider (UNICEF, 2021;
Zanetti et al.,, 2020). The potential risks of cognitive manipulation and the use of Al to direct child
behavior should be evaluated (Chou et al,, 2017).

1.3. Primary school teachers in the age of artificial intelligence: Responsibilities and
expectations

According to the goals of the Ministry of National Education, Al technologies are planned to be used to
improve education in Tiirkiye (Celik et al., 2022; Sevil & Saralar-Aras, 2024). In this context, research
containing detailed information about Al's applications in education and its advantages is essential for
educators to follow current developments and adapt to technology. Additionally, this research serves as
a resource for anyone who aims to understand PST's views on Al-based education by providing up-to-
date information (Gordon, 2011). As discussed above, Al has advantages and challenges in education
and training activities. Although there are difficulties and obstacles, Al will inevitably occur among
today's teaching technologies, considering its advantages. In this regard, it is an important context to
examine the technology in question from the perspective of teachers in primary school classes,
especially from the early years.

Al technologies, even the best-designed ones, can never replace human interaction or good teaching for
the primary school age (Bulut et al,, 2024; Kolchenko, 2018). However, they can serve more effective
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learning by making the teacher’s job easier. Children need caring and knowledgeable adults to help them
navigate and learn about the world; This includes the world of technology. In this context, integrating
Al technologies into educational environments without neglecting adult support will increase the
quality of education (Kolchenko, 2018; Zang & Aslan, 2021). Al technologies can help teachers with
many tasks, such as creating lesson plans, helping with homework evaluation, offering personalized
support to students, and even creating videos from textbooks. The potential of these applications is quite
wide-ranging, and PST should aim to take full advantage of these technological advances (Bowman,
2023).

This study is crucial for several reasons. Firstly, understanding PST's perspectives on integrating Al in
education provides invaluable insights into the practical challenges and opportunities of implementing
Al technologies in classrooms. Teachers are on the frontline of educational practice, and their
experiences and opinions are vital for shaping effective Al-based educational strategies. While previous
studies, such as those by Bayraktar et al. (2023), have explored Al's theoretical and broad implications
in education, a distinct lack of research focuses on teachers' practical, day-to-day experiences. Secondly,
this study addresses a significant gap in the current literature by providing detailed insights into the
specific benefits and obstacles of Al from the perspective of PST. This focus is essential because teachers'
acceptance and effective use of Al technologies are critical for successfully integrating these tools into
education. By identifying teachers' specific needs, concerns, and suggestions, this research can inform
the development of more targeted professional development programs and support systems to help
teachers adapt to and embrace Al technologies. Lastly, the study's findings can serve as a valuable
resource for policymakers, curriculum developers, and educational technology designers. By
highlighting Al's real-world challenges and benefits in education, this research can guide the
development of policies and tools that support the effective and equitable use of Al in primary education.
This is particularly important in ensuring all students have access to high-quality Al education and are
prepared to navigate the increasingly digital world.

It can be stated that teachers' perceptions of their skills in digital technologies and Al can affect the
activities planned for children and Al applications (Kolchenko, 2024; Seyrek et al., 2024). In this respect,
teachers must have good preparation in content and pedagogy so that children can access quality Al
experiences. However, current pre-service and in-service training programs must pay more attention
to Al training for PST. Determining teachers' perspectives will create the content of professional
development programs for teachers and facilitate the integration of Al into primary school education
environments. Therefore, this study aims to reveal PST's views on what opportunities and challenges Al
technologies will create in educational environments. The questions guiding the research are presented
below.

e According to PST, what are the benefits of using Al technologies for children in primary school?
¢ According to PST, what are the challenges to using Al technologies in primary school?

e According to PST, what is the role of Al technologies in the educational environment in primary
school?

2. Method

2.1. Research model

This study used a case study to determine PST's thoughts on using Al tools. A case study is a research
method used to examine a specific situation, event, group, or community in detail (Merriam, 2015). The
situation examined in this study is teacher opinions regarding Al tools. Researchers often collect in-
depth data during the research process to understand events or processes occurring at a particular time
and place. Researchers widely use case studies to understand complex and real-life situations,
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understand a specific context, and investigate cause-effect relationships (Patton, 2015). This study
conducted in-depth interviews to understand better teachers' mental structures, experiences, and
interactions with Al technologies (Merriam, 2015).

2.2. Participants

The study group of the research was determined by the criterion sampling method, one of the
purposeful sampling types. Criterion sampling is a method in which researchers select participants
based on specific criteria when determining the study group. Researchers use this method to include
individuals who meet predetermined criteria in the sample. These criteria depend on the research aims,
scope, and hypotheses. This method allows researchers to narrow the study group, conduct more in-
depth analyses in a specific context, and reach more specific results (Patton, 2015). Determined criteria;

a) Being a primary school teacher: This criterion constitutes the study's main context because the
focus is to examine the opinions of PST.

b) Working in public primary schools in Istanbul: This criterion is essential for access to the study
group. Reaching teachers in other cities may cause a loss of time and effort, so the criterion for
working in public primary schools in Istanbul has been determined.

c) Knowledge about Al systems: This criterion is essential for teachers to answer researchers’
questions more effectively. Getting in-depth information from a teacher who does not know the
subject is impossible. Teachers were asked the following questions: Have you attended a training
on Al before? If you attended, could you give us brief information about it?

d) Using an application that includes Al systems: This criterion was determined to ensure teachers
have gained experience with Al systems. In this way, teachers can provide more qualified and in-
depth information about Al systems.

The study group consists of 16 PST’s who teach in public primary schools in different districts of
Istanbul. The table below presents demographic information about the study participants.

Table 1

Demographic Information of the Study Group

Variables

Female

Male

25-30

31-35

Age 36-40
41-45
46 +
1-5
6-10
11-15
16 +

Gender

Professional Seniority

W U1 U1 WIN = D U1l O

2.3. Data collection

A semi-structured interview form was used since this study wanted to examine teachers' opinions about
Al systems. The interview form is structured in two stages. The first stage consists of questions about
gender, age, and working hours to determine teachers' demographic characteristics. The second stage
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consists of a form with five questions, including semi-structured interview questions. While preparing
this form, the relevant literature was examined, and expert opinion was sought. After the experts gave
their views, some questions were renewed, and the final form was provided. In this context, the
interview method was preferred to reveal PST's ideas and feelings about Al and whether they would
replace the teacher. Sample questions in the interview form are as follows: 1) What are the advantages
of using Al tools in educational environments? 2) Could Al replace the teacher one day? To increase the
richness of the data in the interview questions and deepen the participants’ opinions, some additional
questions, described as probes, were asked by the flow of the research. Probes provide accommodations
to ask more questions about details, ask for clarification, or obtain examples (Merriam, 2015). The
interviews were held in a quiet environment at the schools where the participants worked and were
recorded with the help of a voice recorder.

During the data collection process, PST were determined first. Necessary permissions were obtained
from the designated teachers' institutions. In addition, written consent was obtained from the study
participants. Among the teachers reached, 16 teachers who used Al systems in their classrooms at least
once constituted the study's participants. Participants were informed about the purpose and outcomes
of the research. As a result of the information provided, three teachers wanted to refrain from
participating in the research. After the participants were determined, interviews were conducted using
the interview form in a quiet environment (teachers' room, etc.). The interviews lasted an average of
29.8 minutes with each teacher. The phone's voice recording feature prevented data loss during the
interviews. The data obtained were transcribed, and all audio recordings were examined.

2.4. Data analysis

The analysis of the data obtained through semi-structured interviews was carried out using the content
analysis method. Content analysis is expressed as a dimension, such as scanning the qualitative text in
line with recurring words and themes, reducing and making sense of qualitative data by taking the
voluminous qualitative material, and determining its essential consistency and meaning (Patton, 2015).
Coding was first done in line with content analysis, and themes were reached through this coding
(Merriam, 2015). In this regard, coding was created as small notes in the study. By combining repeated
coding, themes (categories) emerged (Yildirnm & Simsek, 2013). Internal validity was ensured by
examining the compatibility of the results obtained from the analysis with the previously established
conceptual framework and theories. In the research, direct quotes were made from the interviews for
internal reliability. After the data obtained from the interview was transcribed, it was sent to the
participants in writing, and external reliability was ensured by asking whether the data accurately
reflected their perceptions. In data analysis, abstraction was made using an inductive method, coding
the data and reaching themes from the coding. First, all interview documents were transcribed.
Transcripts were read, and each statement related to the experience was identified. All variables related
to Al systems are listed. Then, variables with the same meaning were grouped, and meaning units were
created. The themes were re-read after a specific interval, and new themes were obtained. In addition,
the themes obtained from the analysis processes were presented under headings in the findings section
and discussed with the findings of other studies in the literature.

2.5. Credibility and transferability

Two researchers conducted the coding processes in the data analysis at different times to ensure inter-
coder reliability and expert opinions supported the determined themes and codes. The inter-coder
agreement coefficient was examined with Kappa and was found to be .93. Care was taken to enrich the
content while creating codes and themes using direct quotes from teacher interviews. Additionally,
leaving 35 days between the data collection and analysis process minimized the possibility of
researchers' individual opinions interfering with the analysis process. To ensure the external validity of
the research, the criterion sampling method was chosen using the purposeful sampling method of the

431



Sakarya University Journal of Education, 14(3) 2024, 426-446

study group. The interviews were conducted face-to-face with the teachers. Additionally, to increase the
research's external reliability, a literature review was conducted to prepare the interview questions,
pilot interviews were held with teachers, and the questions were reshaped based on expert opinions.

2.6. Role of Researchers and Ethics

Before starting the research, approval was obtained from the university's social and human studies
ethics committee (Meeting Date: 04.03.2024; Meeting Number: 2024.03). The ethics committee
document for this study was obtained from Yildiz Technical University Social and Human Sciences
Research Ethics Committee with the decision dated 04.03.2024 and numbered 2024.03. The research'’s
purpose, process, and potential risks were clearly explained to the participants, and their consent was
obtained. Consent forms were filled out and signed by the participants in understandable language. It
was notified in advance that the interviews would be audio recorded. The personal information of the
participants was kept confidential and was used only during the research process. Participants'
identities were not used in research reports or presentations. Participants' names or other personal
identifying information were not shared anywhere without their consent. Researchers informed
participants that they could leave the study at any time and not talk about questions they did not want
to answer. Care was taken during the data collection process to conduct the interviews as objectively as
possible. In this regard, care was taken not to judge the behavior and words of the participants and not
to create any expectations for them. Additionally, to ensure participant control over the findings,
observations were made throughout the research process, the researcher was enabled to state his
prejudices, and time was spent with the participants in the same environment for a certain period.

3. Findings

This section focuses on classroom teachers' views on using Al tools in education. The data analysis
findings obtained from the teachers were explained with three themes: 1) Negative Effects of Al
Technologies on Students, 2) Advantages of Al technologies, and 3) The Role of Al in the Educational
Environment. Below, the themes, sub-themes, and codes obtained from the teachers' opinions are
presented verbatim from the teachers' statements.

3.1. Theme 1: Negative effects of Al technologies on students

This theme considers the potential adverse effects of Al tools on students through teachers' eyes. Based
on the data obtained, we can say that, according to teachers, the tools may negatively affect students’
health and learning processes. Teachers have stated that the widespread use of Al tools will negatively
affect students' cognitive, emotional, and value development. They are especially concerned about its
unconscious use. P1 emphasized this situation: "I think that when used unconsciously, it can prevent the
development of thinking ability, questioning and make people lazy." Teachers also think that the
awareness of responsibility in students will decrease: P14 "Failure to understand the importance of
working hard for success and weakening of the awareness of responsibility." According to teachers, the
adverse effects of Al tools on students are summarized in Table 2 through themes, sub-themes, and
codes.
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Table 2
Adverse Effects of Al on Students

Themes Sub-themes Codes
Reduces creativity
Socialization problems
Reduces students' curiosity
Affects Thinking Skills Inhibits reasoning
It inhibits the thinking process
Negatively affects your critical thinking skills
Writing skills are negatively affected
Idea generation decreases
It causes laziness
Negatively affects friendship skills
The bond between child and teacher is not strengthened
Social rules are not learned
Students fail to realize their responsibilities
The child becomes numb
Negatively affects empathy development
Negatively affects emotion regulation skills
Negatively affects self-efficacy
Education of national values becomes difficult
Acquisition of social values becomes difficult
Values such as loyalty, friendship, and compassion are
Worthlessness difficult to learn.
A worthless society is born
The importance of school disappears
The importance of education decreases
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Adverse Effects of Al on Students
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Table 2 shows that teachers have opposing views on the use of Al tools in education. Most teachers think
Al tools will reduce creativity in students, negatively affect friendship skills, reduce national values, and
cause laziness. Teachers' opinions are explained with three sub-themes: 1) impacts on thinking skills,
2) socialization problems, and 3) worthlessness.

3.1.1. Affects thinking skills

Teachers think that with the increasing use of Al tools, students' creativity will decrease, social problems
will become more challenging to solve, reasoning will be hindered, critical thinking skills will be
negatively affected, writing skills will be negatively affected, and idea generation will decrease.
According to teachers, if Al is used unconsciously, students' thinking and questioning skills may be
negatively affected. P11 emphasized this situation: "It may negatively affect students' thinking skills." In
addition, teachers stated that humans might evolve into machines when they have an insufficient
understanding of emotions, are incompatible with dynamic changes in human interaction, and ignore
sincerity and emotion. A teacher expressed his views as follows.

P3: It may be insufficient to understand emotions during the education and training. Human interacting
beings change and develop thanks to this interaction. In addition, the human mind is dynamic, and
sensitive thoughts constantly change. He cannot understand this and look at the student with the same
eyes and understand the student’s mind. It is insufficient to react. Classical coding or mathematical
approaches. This ignores sincerity and emotion. "This situation may lead humans to evolve towards
mechanization.

On the other hand, according to teachers, the concern that Al will negatively affect students' thinking
skills and the thought of hurting the education process and the whole of life come to the fore. They stated
that Al may cause students to succeed in homework assignments without putting in thought and effort
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and that it may prevent process-oriented education by reducing research and questioning skills, which
will negatively impact cognitive development. For example;

P1: It will hurt the whole of life along with education. "It causes people to take it easy in fulfilling their
duties and responsibilities and to fulfill them in a way that is far from reaching the goal, without giving
due importance, especially the inability to express feelings and thoughts accurately and impressively.

On the other hand, teachers have also expressed concerns that Al will lead people to ready-made habits,
cause the imagination to dull, the learning process may cease to be a pleasant experience, and may
reduce Kinesthetic skills. P3 explains this situation as follows.

P3: Al can get people used to the present and dull their imagination. One of the most essential
characteristics of a human being is the ability to dream; if everything is done with Ali, the human
development process will be blocked. The learning process is pleasurable if you do and experience it. As
a person does things on his own and achieves things, his desire increases, his self-confidence rises, and
his kinesthetic skills develop. These developing processes have a positive effect on other areas of life as
well.

Finally, teachers also expressed their concerns that with the widespread use of Al tools, children's
analysis and synthesis skills will be negatively affected, their awareness of effort and responsibility will
weaken, students will have difficulty expressing themselves, their writing skills will decline, and their
thinking abilities will disappear. These statements reflect concerns that Al may have a wide range of
effects on education and that these effects may have negative consequences on student development.
Some teacher opinions that support these statements are as follows;

P2: The purpose of these assignments is to encourage students to think. The student does not do the
homework using Al It gives the impression that someone else has done his work instead of him. In this
way, the desired outcome does not reach the student. Process-oriented education, which requires
students to research and question, is disrupted. The contribution of the assigned work to student success
is significantly reduced.

P5: The participant's subjective judgments will decrease. It will also negatively affect children's analysis
and synthesis skills in the long term.

P16: Students may have difficulty expressing themselves. Writing skills may decline. "Thinking, ideation,
and problem-solving skills may be lost.

3.1.2. Socialization Problems

According to teachers, Al tools also bring about socialization problems for students. For example, P1's
statement, "I think that Al tools will become widespread in the near future and students will move away
from society," supports this situation. In particular, the unconscious use of Al tools brings many
problems, such as negatively affecting friendship skills, difficulty learning social rules, not being aware
of responsibilities, desensitization, negatively affecting empathy development and emotion regulation
skills, and negatively affecting self-efficacy. P7 expressed this situation as follows:

P7: The spread of Al means a decrease in social relations. It adds to the countless children who are stuck
at home with technology today. Do we really want this as educators?

P8: With Al, children will encounter many negativities such as difficulty learning social rules, not being
aware of responsibilities, desensitization, and adverse effects on empathy development. This situation
will deepen with applications such as Metaverse.

P2: With Al, children's emotion regulation skills will be negatively affected, and their self-efficacy will
be negatively affected. Because it is a virtual world for children, they will be emotionally depressed by
moving away from reality.

434



Mustafa Erol, Ahmet Erol

3.1.3. Worthlessness

According to teachers, Al tools may make the education of national values difficult for students, the
acquisition of social values may be complex, values such as loyalty, friendship, and compassion may be
difficult to learn, a worthless society will arise, and the value of education and school may decrease.
Values are learned formally or informally in the society we live in. Al tools will negatively affect this
situation, making it difficult to transfer our cultural values to future generations. The teacher's opinion
supporting these statements is as follows;

P9: With the widespread use of Al tools, education of national values will become difficult, acquisition
of social values will become difficult, and values such as loyalty, friendship, and compassion will lose
their importance because children will get used to loneliness in this process.

P5: The widespread use of Al could shift societal dynamics, potentially resulting in a devaluation of
education and schools.

P14: "Values are essential and unwritten rules for the continuation of society. Just as their tools will
reduce the importance of culture, they will also reduce the acquisition of these values. What will people
want from now on in a worthless society?

When the adverse effects of artificial intelligence are examined according to teachers' views, the
following conclusions can be made. It can lead to independent thinking in education, socialization
problems, difficulty acquiring national and cultural values, and weakening problem-solving skills.
Although these technologies can provide students instant information and automatic responses, their
constant dependence on such tools can dull their critical thinking abilities and prevent creative thinking
processes. In addition, the promise of personalized learning by artificial intelligence can negatively
affect the development of group work and communication skills by reducing competition and social
interaction among students. In the long run, this situation can cause students to become dependent on
technologies and individuals with difficulty developing a critical perspective on the information these
technologies provide.

3.2. Theme 2: Advantages of Al technologies

According to teachers, this theme examines the advantages Al tools can bring to students. Teachers have
stated that Al tools can enhance or support students' learning experiences in certain areas. P7
emphasized this situation: “Al is inevitable; it will offer many new opportunities. If our students can use
it well, their learning experiences will expand”. Another teacher stated that "Al is not actually scary, it
should be seen as an opportunity to expand learning environments" (P9). The advantages of Al tools
compared to teachers are summarized in Table 3 through themes, subthemes, and codes.
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Table 3

Advantages of Al technologies

-~

Themes Sub-themes Codes

Supports learning

Makes teaching easier

Improve academic success

Contributes to problem-solving

Makes teaching reading and writing easier
Increases motivation

Increases interest in the lesson
Socio-Emotional Develop a positive attitude toward the lesson
Contribution Reduces prejudice

Used in the communication process
Increases curiosity

Provides fun time

It can be used as educational material

Helps students while doing homework
Provides equal opportunity in crowded classes
Saves time and space

Speeds up access to information

[EnN
o

Cognitive Contribution

Advantages of Al Tools

Other contributions
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When Table 3 was examined, teachers stated that Al positively contributes to cognitive, socio-emotional,
and other fields. According to teachers, the positive effects of Al tools manifest themselves in various
dimensions. These effects are explained with three sub-themes: 1) Cognitive Contribution, 2) Socio-
Emotional Contribution, and 3) Other Contributions.

3.2.1. Cognitive contribution

Teachers emphasized that access to information will be easier with Al tools and, as a result, will
contribute to children's cognitive development. According to teachers, Al tools can primarily support
learning in the educational process, facilitate teaching, and increase academic success in children.
Additionally, it contributes to students' problem-solving skills. On the other hand, according to teachers,
Al can make teaching reading and writing easier. The following statements support these explanations.

P2: Al can be used for appropriate purposes. The opportunities provided by Al can be used in science, in
fields that require three-dimensional work, or in situations where there is a material shortage.

P3: It should be used as an auxiliary tool at school and home. It should be used as a tool to accelerate or
facilitate the student's learning process, sometimes while doing homework at home, and sometimes in
the classroom, as a different method and technique.

P4: Al can be used. It provides great convenience in terms of speed of access to information. It can be
used by teachers in the course planning process, course preparation process, searching for articles by
subject, and providing quick access to related articles.

P16: Access to information is accelerated, education is easily supported with visual and audio materials,
time and space are saved, the educational environment becomes fun, and the memorability of the
acquired knowledge increases.

3.2.2. Socio-emotional contribution

According to teachers, interacting with Al tools contributes to children's cognitive development and
provides many social-emotional contributions. First, Al tools can positively affect children's learning by
increasing their motivation, attracting interest in the lesson, and developing positive attitudes. The
following statements of teachers support this situation.
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P11: We can attract students’ attention to lessons with Al tools. In this way, we serve more effective
learning.

P15: The current generation was born in the age of technology. It is almost impossible to keep them
away from technology. Instead of keeping them away from children, we can use technology-supported
Al tools to increase their motivation for lessons. These tools can motivate children to use creative
solutions and make the lesson effective.

3.2.3. Other contributions

Teachers stated that Al tools can help students while doing homework and that students can use these
tools in the communication process. In addition, according to teachers, advantages such as providing
equal opportunities in crowded classes, reducing the education gap between villages and cities, and
saving time and space are some of the positive contributions of Al in education. According to participant
statements, it is also emphasized that Al provides rapid access to information, supports the education
process with visual and audio materials, offers alternative learning methods, and increases the
memorability of the acquired knowledge. These statements reflect a generally positive perspective that
Al can offer many positive educational outcomes. Some of the teacher opinions supporting these

statements are as follows;

P14: Al tools can serve individual learning in crowded classes.”

P13: Using Al tools in education has advantages such as reducing the education gap between villages
and cities and saving time and space. We will witness educational environments changing shortly.

P9: Al tools can save time and space by bringing learning environments into the classroom around the
world.

P8: Al tools will serve to accelerate access to information. In particular, supporting the education
process with Al tools and visual and audio materials will offer alternative learning methods and increase
the memorability of the knowledge students acquire.

3.3. Theme 3: The role of Al in the educational environment

This theme focuses on the role of Al in educational environments. Teachers think that Al tools will make
their jobs easier. Additionally, teachers believe that it is not possible for Al tools to replace teachers.
According to teachers, the role of Al tools in the educational environment is summarized in Table 4

through themes, subthemes, and codes.

Table 4

The role of Al in the educational environment

Themes Sub-themes Codes f
Makes teaching easier 12
. _ Teachers can monitor student's progress 10
Al makes the teacher's job easier Reduces teacher workload 10

The Role of Al in the Educational

Adds speed and practicality to the teacher
It enriches learning

Education is a human business

Machines cannot touch people

Environment

Education cannot be achieved with only cognitive
Al cannot replace the teacher knowledge.
It mechanizes students

Al cannot give emotional education
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Teaching is a matter of conscience
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When Table 4 is examined, some teachers stated that they could replace teacher Al, while others said
that they would not replace the teacher at all. According to teachers, the role of Al in educational
environments occurs in two contexts. 1) Al makes the teacher's job more accessible, and 2) Al cannot
replace the teacher.

3.3.1. Al makes the teacher's job easier

In the context of this sub-theme, teachers emphasized that Al tools facilitate teachers' teaching
and learning tasks. According to teachers, Al can make it easier for the teacher to teach the lesson,
allow the teacher to monitor the student's progress, reduce the teacher's workload, add speed and
practicality to the teacher, and enrich children's learning. For example;

P1: Although Al cannot replace the teacher, it will make his job easier and provide effective teaching.
Teachers can monitor students with Al It will be easier to evaluate and follow up with children. It will
also deepen children's learning.

P8: "The teaching profession has undergone many transformations over the years. Technology-
supported training is inevitable in our lives. "Al will be inevitable, and we must look for ways to use it
more effectively.

3.3.2. Al cannot replace teachers

According to teachers, digital technologies are becoming widespread today, and the education sector is
also changing. Although some teachers stated that Al could replace the teacher with this change, others
noted that the human factor is still needed in basic education (preschool and primary school education)
and that it will be difficult for Al to replace the teacher. Teachers stated that cultural transfer and
supporting students' socialization skills would be possible with teachers. For example;

P6: Although Al may replace the teacher in the future, I think that the teacher cannot be given up in
order to transfer the culture and socialize the students in basic education.

P13: The pandemic showed us that the lack of teachers in primary education prevented children's
development of many skills. This will be the case in Al. Although it is a problematic possibility in primary
education, it will replace the teacher in the upper grades.

Teachers who stated that it could not replace the teacher stated that education is a human job, that
students should be provided with cognitive knowledge and affective skills, and that education is a matter
of conscience. Therefore, it is difficult for Al to replace the teacher. P6 emphasized his views on this
issue: "The teacher is a biopsychosocial being, I do not think he can replace the teacher.” In addition, the
teachers' opinions stated below also support this situation.

P2: I do not think Al can replace the teacher. The teaching profession is more than just a job of
transferring information. Al cannot undertake a profession that requires one-to-one communication
and where emotions and behaviors are at the forefront. "Al will always ignore the conscientious side of
a person.

P4: It can be integrated into educational environments. "It may save time for teachers and students, but
I do not think it can replace the teacher since learning environments are not based solely on information
exchange.

P5: Even if Al can make emotional analyses and understand the characteristics of the students, he cannot
empathize and remains artificial. This does not work in young children.” Therefore, Al cannot replace
the teacher based on young children.

P13: Just as all machines and robots reduce human power, it is also possible for this to happen in
education. However, since the teacher is also someone who has an emotional side, I do not think that he
can completely replace him in this aspect.
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4. Discussion

In this study, which aims to determine teachers' views on using Al tools in learning environments,
teachers primarily focused on the adverse effects of Al tools. Most PST emphasize that Al technologies
may hurt students' health and learning processes. These adverse effects are generally classified as
thinking skills, socialization problems, and worthlessness. There are studies in the literature that
support our findings. For example, Schiff (2020) noted concerns about using Al systems in education.
One of these concerns is that Al systems could manipulate students by deeply analyzing them.
Additionally, Al will likely standardize teachers, alienating them from their creativity and appreciation
of students' diversity. A system that can understand all the characteristics of students has the potential
to guide the students to make decisions on various issues. These concerns are essential factors
preventing Al from fully integrating into teaching. Therefore, Al's role in education must be carefully
considered, and appropriate measures must be taken (Akyel & Tur, 2024).

Since Al systems are based on extensive data analysis, they can sometimes produce incorrect results for
specific cases (Chassignol et al., 2018). As Stephen Hawking and his colleagues noted in research
published in The Independent in 2014, the short-term impact of Al may depend on who will use it and
how it will benefit. However, in the long term, it is essential to determine whether the impact of Al can
be controlled and whether individual and collective measures should be taken to prevent related risks
(Hawking et al., 2014). Therefore, it is important to consider ethical concerns and ensure security during
the development and use of Al (Yilmaz, 2023). Therefore, concerns about Al systems accelerate the
taking of some precautions. Software developers who develop Al strive to reduce the margin of error
and maintain ethical boundaries. For example, Microsoft introduced the "responsible Al" concept in
2017, identifying six ethical principles developers and institutions must meet: fairness, reliability and
security, privacy, inclusivity, transparency, and accountability. Studies on ethical firsts can be shown as
a promising effort in Al (Oztiirk Dilek, 2019).

On the other hand, using artificial intelligence (AI) tools in education while offering innovative
opportunities also brings various ethical concerns. The most important concerns are the privacy and
security of students' data, Al systems' transparency, algorithms' unfairness, and the weakening of social
interactions. In order to address privacy concerns, clear policies should be established regarding the
data collection and use methods of Al tools, and these policies should be regularly audited. In order to
ensure transparency, teachers, students, and parents should be informed about how Al systems work,
and training should be organized. In addition, fair algorithms should be developed, data diversity should
be ensured, and discrimination should be prevented. In order to prevent the weakening of social
interactions, it is essential to balance the use of Al tools with activities that develop social skills. These
solutions aim to ensure the ethical use of Al tools and to support students' academic and social
development (Huang, 2023; Liang, 2023).

According to another finding, teachers also stated that there are advantages to using Al tools in
education and training environments. These advantages are generally examined under three sub-
themes: cognitive contribution, socio-emotional contribution, and others. Teachers think Al tools can
facilitate access to information, support learning, and increase students' motivation. It has also been
stated that artificial Al can assist students in the homework process and provide equal opportunities. Al
is an information technology that can perceive human cognition, reason, comprehend, make sense of,
generalize, infer, learn, and successfully perform multiple tasks simultaneously (Gondal, 2018), in a
sense, imitating human Intelligence. Both participant opinions and related research indicate that using
Al integrated with the teacher in all processes in the classroom and acting as an assistant will be more
effective in classroom management (Bryant et al., 2020; Zhao & Lui, 2018). Studies conducted on Al tools
in education Have shown that they can be used in grading and evaluation, student absenteeism and
school dropout prediction, student performance prediction, personalized teaching, emotion analysis,
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recommendation systems, innovative education systems, classroom monitoring, brilliant school, school
evaluation and management, supervision, and analysis systems (Ahmad et al. al., 2020; Chen et al,,
2020). Al technology can be used as a learning tool that provides practical learning experiences and
supports learning by reducing the workload of both teachers and students in education. Studies are
being carried out in this direction (Loeckx, 2016).

For example, Al contributes directly to school management and education, including course schedules,
personnel schedules, exam management, cyber security, facility management, and security (Holmes et
al., 2019). According to Edwards & Cheok (2018), if Al completes its development in educational
presentation, personality, pedagogical approach, movement system, and emotional areas, another
benefit will be that countries will eliminate the teacher shortage. Al is used in education as a support
tool to automatically predict the development of students using their past performances and provide
innovative teaching by improving education (Siegle, 2023). As a tool that contributes to creativity, Al
provides advantages to teaching capabilities when used in art education (Caramiaux & Fidili Alaoui,
2022). While Al helps the student collaborate with technology, it places the learning process at the
center of the student. It encourages him to take an active role by keeping him in a leadership position
(Ezzaim et al., 2022). Teachers should determine a roadmap for students to use Al responsibly, safely,
and effectively. This road map should include elements such as determining boundaries regarding Al,
monitoring use, encouraging critical thinking, emphasizing responsible use, and providing guidance for
the effective use of Al (Siegle, 2023).

Finally, in the evaluations made on the role of Al in educational environments, most teachers think that
Al can make the teacher's job easier but cannot completely replace the teacher. In other words, teachers
emphasized that education is human work, and the human factor is essential. According to teachers,
although Al can partially replace the teacher in education, the teacher is the most critical factor in the
education process. Therefore, Al will not be able to replace the teacher in primary education because
basic education is a level where education is at the forefront rather than education. To motivate students
to learn, the teacher is an integral part of the learning process and cannot be completely isolated from
education. Some researchers support these findings in the literature. In a study, Kolchenko (2018)
emphasizes that artificial intelligence will be insufficient in creating the templates formed in students
due to student-teacher interaction. Therefore, the literature supports our results.

Similarly, Felix (2021) states that Al cannot teach cultural values, history, and social norms and that
human teaching is necessary. He states that he is one step ahead with his posture, voice, gestures, and
facial expressions and that Al cannot replace the teacher with its abilities, such as establishing eye
contact, changes in tone of voice, and active use of the body. Al cannot imitate these features, so it is
unlikely to displace the teacher. Bryant et al. (2020) state that having an assistant role would be more
beneficial. The teacher will spend more time on education. Zhao & Liu (2018) state that Al will not
replace the teacher in education but will remain an assistant to the teacher and state that education is a
unique concept. It states that education is provided by transferring knowledge, developing character,
discovering the unknown, and encouraging creativity. In this context, the literature supports our results.

5. Limitations and Recommendations

This study has some limitations. First, the number and profiles of teachers included in the study are
limited. The experience and knowledge levels of the teachers participating in the study vary. This can
lead to a need for more diversity and depth in the assessments and conclusions made. A study can use a
larger sample, including different teacher profiles. Evaluating the opinions of students, parents,
administrators, and teachers from different schools and regions can provide a more comprehensive
perspective. A more detailed understanding of Al tools' potential effects and applications in education
can be developed by examining teachers' concerns and suggestions.
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Understanding the transformative potential of Al in education is a crucial starting point for this
exploration. This understanding should delve into how Al-based tools can be seamlessly integrated into
student learning processes, bolster teaching strategies, and foster personalized learning experiences.
Equally important is the identification of the requisite support and training mechanisms for teachers to
proficiently utilize these technologies. In this vein, regular professional development programs for
teachers, along with guidelines on how to effectively align Al tools with pedagogical practices, and real-
world examples of classroom applications, will all play a pivotal role in facilitating technology
integration and enhancing the quality of education. A practical implementation strategy can then be
devised to harness the full potential of these innovations and opportunities in education, ensuring that
teachers perceive technology as a tool and an integral part of their teaching processes.

6. Conclusion

The results of this study broadly evaluate and discuss teachers' views on using Al tools in educational
settings. Findings focus on the potential impacts of Al tools on students, their advantages, disadvantages,
and their role in education. Teachers are concerned about the adverse effects of Al tools on students.
These concerns are examined under themes such as the impact on thinking skills, socialization
problems, and weakening of values. However, teachers also see the advantages of Al tools. These
benefits include cognitive contribution, socio-emotional contribution, and other benefits. Finally,
teachers also evaluated the role of Al in education. Most think Al can simplify the teacher's job but
cannot completely replace it. In other words, Al can partially replace the teacher in the teaching process,
but an education without a teacher is unthinkable in the education process, especially in primary
education. These findings highlight the need to carefully consider the role of Al tools in education and
the importance of creating appropriate guidance and policies for teachers to use Al effectively and
responsibly. To maximize the potential of Al in education and minimize possible risks, ethical
boundaries must be determined, and security measures must be taken. In this context, it is essential to
conduct further research on Al tools' role in education and develop guidance materials that will enable
teachers to use this technology effectively.
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analytics, blockchain, and generative Al According to the factor analysis conducted on the
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1. Introduction

Innovative technological research is undoubtedly one of the main components that make countries
stand out in global competition. In this regard, strengthening scientific and technological capacity and
sustaining the technology ecosystem has become inevitable for many nations. With the technological
developments in recent years, concepts such as artificial intelligence (Al), internet of things (IoT),
robotic coding, blockchain, metaverse, big data, nanotechnology, digital change, and virtual reality have
become increasingly prevalent in our lives, and there is an increasing interest in these areas. Changes
that require Al technologies, especially voice recognition, facial recognition, and autonomous vehicles,
are significantly affecting societies' lives (Huang & Qiao, 2024). The rapid advancement of technology
causes changes in habits on a global scale and the differentiations of ways of connecting, interacting,
reading, writing, and being informed (Hinojo-Lucena et al,, 2019). So much so that, thanks to the
successful applications of Al there is a sharp evolution towards adaptive intelligence software, and the
application areas of innovative products are diversifying at a rapid pace, demonstrating the breadth of
its impact. As in many disciplines, the effects of innovative technological concepts are strongly felt in
education. Especially under Al, virtual digitalization, big data, and 10T, encouraging the speed of
modernization of the ecological structure of education systems comes to the fore (Huang et al.,, 2021a).
With a better understanding of the potential capabilities of productive Al, individuals' learning
knowledge is expanded by producing quality content. For this reason, there is a sharp evolution towards
an Al society that individuals can easily experience anytime and anywhere. We are witnessing the
inevitable rise of Al applications in many areas, such as personalized online education systems, medical
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services, agriculture, manufacturing, communication, media, transportation, defense, communications,
logistics, weather (Organisation for Economic Co-operation and Development [OECD], 2019). In
education, as in many fields, the effects of Al-based applications are felt better and included in learning
environments with innovative applications.

Today, the necessity of nations redesigning their education policies is increasing due to the values that
Al-based technological transformations add to learning. It has been observed that Al-based new-
generation technologies in education provide successful pedagogical results with the help of various
applications such as content presentation, feedback, and progress control with an intelligent teacher
(Bayne, 2015; Chen et al., 2022). For this reason, Al, a machine-based technique with algorithmic power,
has been frequently included in education in recent years to support learning in various contexts
(Hwang et al,, 2020). There is increasing focus on applying Al technology to create intelligent campuses,
assist education, and efficiently carry out learning by producing intelligent learning-teach algorithms
(Huang et al,, 2021b). Therefore, it has been essential to understand Al-related issues in education over
the years, determine general trends, and provide suggestions for future researchers.

1.1. Conceptual framework

1.1.1. Artificial intelligence

Al is a new-generation technology product that refers to imitating basic abilities such as thinking,
learning, and decision-making that distinguish humans from other living things through electronic
devices, especially computers. Al, also called machine intelligence, is a sub-branch of computer science
that focuses on producing a new type of intelligent machine that simulates human intelligence (Huang
& Qiao, 2024). The concept of Al is computer systems that can perform human-specific processes such
as learning, adaptation, synthesis, self-correction, and use of data for complex processing tasks.
(Popenici & Kerr, 2017). In other words, a processor with tremendous capabilities includes adaptive
behaviors and human-like cognitive and functional abilities (Chen et al, 2020). Al, a strategic
technology, is pioneering a new era in technological, industrial, or social fields, creating significant and
far-reaching effects on education, economic, and social situations (United Nations Educational, Scientific
and Cultural Organization [UNESCO], 2021). The proposed concept of artificial neural networks fueled
the origin of these effects. Artificial neural networks were designed by McCulloch and Pitts in 1943 as
an algorithmic model that took the functionality of the human brain into account and was organized as
a system structure consisting of a large number of neurons connected in parallel and interacting with
real-world examples (Kohonen, 2001). In this regard, the development of Al is not problem-free, and
the lack of methodology is always felt due to widespread expectations.

Al permeates every layer of our lives and is reflected in many disciplines. Considering that Al and human
intelligence coexist, there will not be a field of work in the future where the impact of Al is not felt and
its impact is not mentioned. Al, which has a versatile impact on all areas, including purpose, content,
method, and evaluation system, also has multidimensional effects on education (Paek & Kim, 2021).
Today, Al applications solve real-world problems in six areas: computer vision, machine learning,
natural language processing, cognition and reasoning, robotics, games, and ethics (Huang & Qiao, 2024).
In this regard, Al is built on three growth factors: algorithms, big data, and computing power. Especially
in the early 21st century, the increase in data volume with the widespread use of smartphone
applications and the diversification of the number of tools with algorithm extensions has significantly
contributed to the development of Al (Russell & Norvig, 2021). Thanks to machine learning and deep
learning breakthroughs in Al-based technologies, as structures containing big data, cloud computing,
and related computing and storage performance become available, Al's performance and impact areas
increase daily (Chatti et al., 2012; Garcia et al., 2007; OECD, 2019).
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1.1.2. Artificial intelligence in education

In today's information age, the first quarter of which we are only experiencing, radical reforms are being
experienced in education with the rapid development of Al technologies (Huang et al., 2021a, 2021b).
In particular, the fact that Al applications require a multifaceted disciplinary perspective, such as
science, mathematics, sociology, psychology, engineering, philosophy, and geography, accelerates the
transformation of these reforms. Al applications that impact many areas of our lives are frequently
encountered in education (Bozkurt et al., 2021). Among the primary reasons for using Al in educational
environments is to produce effective, qualified, high-quality, and fast solutions to problems encountered
in daily life. For this reason, personalized systems, software, ontologies, and semantic web techniques
stand out as areas of use for Al in education (Lemaignan et al., 2017). According to Yang and Zhang
(2019), Al in intelligent teaching systems can determine learning performance, knowledge level,
intelligence level, preferences, learning style, learning behavior, and cognitive, affective, and cultural
factors. Therefore, the reflections of Al applications on education can be evaluated multifacetedly.
Drawing attention to this situation, Chen et al. (2020) state that Al significantly impacts the education
sector, especially in management, teaching, and learning. This is because Al can be organized as a
learning material according to student needs, enables personal learning, and has the potential for a
better learning experience. In addition, Al-supported educational environments allow for analyzing
student participation, identifying at-risk students full-time, and shortening the intervention time in the
learning environment (Chen et al., 2022; Hwang et al., 2020; Tsai et al., 2020).

Today, Al applications in education are accepted in many areas. Al applications are increasing in
popularity today in order to promote fair and qualified progress in education and to determine their
benefits for teachers and learning (Wang et al., 2023). Creating applications that increase individual
learning capacity, developing personalized learning resources, and enriching the perception of learning
with simulated scenarios can be cited as the contributions of Al to education (Shi et al., 2024; Xie et al.,
2019). Many researchers; believe that the use of Al in education will improve their students' digital
literacy, knowledge, collaboration, learning abilities, and academic perceptions (Huang, 2021; Lee & Lee,
2021; Wang et al,, 2023). It includes improving the preferred Al learning effects and teaching mode in
education and basic Al knowledge and how it will interact (Huang & Qiao, 2024). In this context,
numerous research outputs focusing on the application of Al in education suggest that Al will become a
technical tool with much stronger potential for future learners and educators (Chatti et al., 2012; Garcia
et al, 2007; Paek & Kim, 2021; Wang et al,, 2023). Image and face recognition, adaptive learning, and
other Al-based technological applications provide a learning experience, increase efficiency, and offer a
different educational perspective (Cui et al., 2018; Hwang & Tu, 2021). For this reason, the role of Al
applications in education is increasing daily.

1.1.3. Literature review on artificial intelligence in educational research

Although Al first emerged in the mid-20th century, studies/research in this field have recently gained
significant momentum. Although there is increasing interest in Al and its applications, more studies
need to be reviewed to investigate the use of Al in education. When research on Al in education is
generally evaluated, it can be seen that issues such as the development of computational thinking skills
through Al (Huang & Qiao, 2024), curriculum design based on Al (Chiu & Chai, 2020), the potential of
sports applications in physical education (Lee & Lee, 2021), nursing pain education (Harmon et al,,
2021), the role of Al in mathematics education (Hwang & Tu, 2021), the association of Al and virtual
reality (Lin et al., 2021), Al and flipped learning-based mental health education (Shan & Liu, 2021),
students' flow experience and learning effectiveness (Shi et al., 2024), intelligent homework grading and
brilliant question answering systems (Tobler, 2024), offline course applications (Li & Wang, 2021), and
ethics in the use of Al (UNESCO, 2021) are discussed. Common indicators of these studies include the
fact that productive Al-based applications positively affect students' learning intentions (Lin et al., 2021;
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Shan & Liu, 2021), promote the modernization of education by providing enriched learning resources
(Zhao et al., 2023), improve students' performance by attracting their attention (Li & Wang, 2021; Shan
& Liu, 2021; Wang et al., 2023), enhance creativity, offer a live learning experience, increase self-efficacy
and improve digital literacy (Garcia et al., 2007; Wang et al., 2023).

We see evaluations from different perspectives when we look at similar studies in the literature. For
example, Bozkurt et al. (2021) systematically examined Al studies in education in half a century (1970-
2020). According to the study's findings, there has been a significant increase in the number of studies
involving Al in recent years, and this trend will probably increase in the coming years. Data obtained
from WoS and Scopus databases were used in the bibliometric analysis study conducted by Hinojo-
Lucena et al. (2019). According to the findings, Al studies need to be at a sufficient level to allow the
production of scientific content. It has been stated that the USA stands out in productivity with the
University of Alicante, Polytechnic University of Valencia, Autonomous University of Madrid, and
University of Alcala institutions. In the bibliometric and content analysis study conducted by Bahroun
etal. (2023), 207 research articles were examined. At the end of the study, it was reported that ChatGPT
has emerged as a dominant generative Al tool and that there is an exponential increase in generative Al.
The systematic review conducted by Forero-Corba and Negre-Bennasar (2024) examined studies on
machine learning and Al. Fifty-five articles obtained from WoS and Scopus databases were examined.
According to the findings, using machine learning and Al has strong effects. As a result of the study
conducted by Paek and Kim (2021) based on the WoS database, it was determined that Al studies have
increased dramatically in the last 20 years. At the same time, it has been reported that the issues related
to Al education technology and measurement and evaluation are up-to-date. Chen et al. (2022) tried to
determine the trends and topics related to Al by examining 4519 publications between 2000 and 2019.
According to the research findings, it has been stated that the interest in using Al for educational
purposes has increased, and the subjects of intelligent lesson systems, language education systems,
educational robots, educational data mining for performance prediction, discourse analysis in
collaborative learning, and teaching evaluation have come to the fore.

1.2. Purpose of the study

Technological developments deeply affect nations' perspectives on education and training. In this
regard, having the competencies required by the information age and keeping up with innovative
changes has become inevitable. Considering the increasing interest in Al-based applications, especially
in the last decade, the combination of education and technology is felt more intensely. Therefore, it is
essential to know the reflections of the studies on Al applications, which have influenced education
worldwide. Future research is essential to holistically reveal Al-related studies' trends, impact, and
potential, especially in the relevant literature. In this regard, the bibliometric analysis approach, which
allows us to examine all aspects of the studies from past to present, helps us. Bibliometric-based
research includes much quantitative information such as subject headings, contents, keywords,
publication language, author, co-authors, authors' institution, authors' countries, reference information,
reference impact levels, citations, co-citations, and year of publication. This type of research contributes
to obtaining scientific findings with the help of quantitative analysis on the determined subject and
allows the application of many different quantitative analysis methods. Bibliometrics supports
statistically presenting information about the subject of study. It helps to present the importance of the
subject in the literature to the readers quantitatively (Zhao & Strotmann, 2015). Such research provides
valuable data to field experts, readers, and program makers by evaluating scientific content from many
aspects. Given all the explanations, the study's starting point is to determine the general change,
development, direction, and impact of Al-based studies in educational research. It is essential to know
the general structure of the research topic in the relevant field and to reveal the needs by following it
periodically. Therefore, it is hoped that this comprehensive research will constitute an essential
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resource in the field, guide future research, and give ideas to experts in different disciplines. In addition,
it is expected to accelerate research in similar directions and allow us to see the changes in the process
better. This study evaluated articles containing Al in educational research indexed in the WoS database
according to performance-based descriptive findings, network analyses, conceptual structure, and
thematic mapping, and answers to the following research questions (RQs) were sought:

RQ 1. What is the change in Al-related research in education according to years and citation numbers?
RQ 2. What are the authors, resources, institutions, and countries that contribute to Al-related research
in education?

RQ 3. Which authors and sources interact in Al-related research in education?

RQ 4. How does the collaborative profile of authors, institutions, and countries regarding Al-related
research in education change?

RQ 5. How do common keyword and co-occurrence profiles change in Al-related research in education?
RQ 6. What are the trending topics and thematic changes in Al-related research in education?

RQ 7. How do the general conceptual structure and thematic mapping change in Al-related research in
education?

2. Methodology
2.1. Research design

In this research, scientific articles published on Al from the past to the present were examined in a
descriptive and cross-sectional retrospective manner with the help of bibliometric analysis.
Bibliometric analysis was used in the research, making it possible to examine the scientific literature
and researchers who contribute to it according to statistical procedures. This analysis provides a holistic
perspective by creating a road map for readers and researchers regarding the determined research topic
(Chen et al., 2019). In this analysis, applications are made according to the criteria determined by the
data set created using quantitative techniques (Pritchard, 1969). One of the purposes of bibliometric
analysis is to summarize an extensive data set in the context of specific criteria (Donthu et al., 2021).
These analyses involve collecting, processing, and evaluating publications with scientific content
(Verbeek et al., 2002). Bibliometrics is a practical application, especially in better defining and
distinguishing the field (Donthu et al.,, 2021). Bibliometric analysis involves dynamics and structure
(Chaparro & Rojas-Galeano, 2021). In dynamic analysis, indicators such as publications, citations,
authors, keywords, and terms are examined within the scope of the scientific production network, and
in structure analysis, indicators such as conceptual, interaction network, thematic change, and network
are examined (Jamali et al., 2022). This analysis technique allows the evaluation of research results and
examines scientific outputs comprehensively (Grzybowska & Awasthi, 2020). This study conducted
bibliometric analyses according to performance (scientific productivity), network analysis, conceptual
structure, and thematic mapping. In this regard, according to the research framework proposed by
Arksey and O'Malley (2005), first, the research question was defined, the database was decided to create
the data set related to the research topic, the database was accessed, the criteria to be used in data
selection were determined, and a data set was created from the database, the data set was analyzed, the
analyzes were evaluated, the findings were reported, and the processes were reviewed by providing
interpretation of the findings. Process information, including the basic framework of the research, is
given below (Figure 1).

451



Sakarya University Journal of Education, 14(3) 2024, 447-472

Figure 1

The Basic Framework of the Research

Step 2: Step 3:
—— ldentifying the Access to
database database
\%
Step 6: Step 7: Step 8: Step 9: Step 10:
Analyzes of the ——  Evaluation of Reporting Interpretation of —>  Reviewing the
data set analyzes findings findings processes

2.2. Data collection and procedure

Web of Science™ Core Collection database was used to create the data set of educational studies with Al
content. The Web of Science (WoS) database contains research categories with many options for
analyzing published documents. This database includes many disciplines and provides reliable data
with advanced search options. It also allows statistical analysis and quantitative techniques suitable for
bibliometric analysis. The strengths of the WoS™ database include being easy to access, containing
prestigious journals, being suitable for downloading appropriate data from analysis programs, allowing
detailed searches in categories, being compatible with the programming language, containing reference
information, and having an open-source representation (Web of Science Group [WoSG], 2024). The
WoS™ database has been designed using a structure within Clarivate Analytics. Its many working areas
have gained a respected place worldwide, allowing researchers to examine and record in-depth (Fang
et al, 2017). To create the data set of the research, the Topic (search title, abstract, and author
keywords) module was considered. Accordingly, a search was made in the WoS™ database for scientific
records related to research on Al with educational content. The process followed to obtain scientific
records is as follows: WoS™ Database: [TITLE-ABS-KEY ("artificial intelligence”) AND (educat* OR learn*
OR teach™ OR class* OR innovat* OR student*) Refined by: Document Type: (Article), Language: (English)
and Years of Publication: All years, and Science Categories: (Education Educational Research) and Web of
Science Index: (Social Science Citation Index (SSCI), Science Citation Index-Expanded (SCI-Expanded),
Emerging Sources Citations Index (ESCI), Arts & Humanities Citation Index (A&HCI)]. The figure reflecting
the screening criteria performed to create the data set is shown below (Figure 2).

Figure 2

Information Including the Criteria of the Screening

Science Language Date
Categorie guag Period

e Web of Science o Artificial «SSCI, SCI- ¢ Education e Article « English * past to the
(WoS™) intelligence & Expanded, Educational present
educational ESCI, A&HCI Research [15.04.2024]

connotations

Documents downloaded from the WoS™ database are saved in the specified folder in "plain text" format.
This file format works and is compatible with VOSviewer and RStudio applications. The WoS™ database
allows downloading up to 1000 documents. These floating two separate files were downloaded and
merged into one. This final data set was used for bibliometric analysis.

2.3. Data analysis process

Data obtained from the WoS™ Core Collection database was analyzed bibliometrically. The preferred
bibliometric analysis application for the research topic consists of four stages. In the first stage, the data
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set intended for research was accessed from the database. When the selection was made according to
the criteria [WoS™ Index: SSCI, SCI-Expanded, ESCI, A&HCI; Subject Area: Education & Educational
Research; Document Type: Articles, Language: English; Publication Period: Past to the Present
(15.04.2024)], it was determined that there were 1465 scientific documents. At this stage, the data was
checked and examined to determine whether there was any duplicate data. In the second stage,
performance-based analyses were carried out. In this context, the annual number of publications and
citations, the most published authors, the most cited studies, the distribution of responsible authors by
country, the distribution of dominant authors by year, and the institutions with the most publications
were examined. In the third stage, network analyses (analyses were used to include cited common
citation, common author, geographical atlas, common word, trend topic, and thematic changes) were
used. In the last stage, analyses were made according to conceptual formations and thematic mapping.
The general structure, including the analysis, is presented below (Figure 3).

Figure 3

General Structure Including Analysis

Stage 1: Stage 2: Stage 3: Stage 4:
Creation of data set Preliminary statistics Performing network Conceptual structure
from databases based on performance analysis and thematic mapping

VOSviewer 1.6.18 software was used to analyze research data, which allows dynamic and structured
analyses of large volumes of data (Van Eck & Waltman, 2010). The VOSviewer program uses labels and
circular structures when visualizing network analyses. The weighting of the element, depending on the
volume of the circle size, is calculated with the help of different colors, and similar elements are divided
into clusters (Yuan et al,, 2021). The amount of interaction depends on the intensity of the relationship
between each cluster. The R programming language, which allows the data set to be examined from
many aspects, was used to investigate conceptual and thematic changes. Thanks to this programming
language, many contents can be analyzed, such as dominant authors by year, conceptual formations,
thematic changes, geographical view word formations, transformational differences, and formations
between countries related to the research subject (Aria & Cuccurullo, 2017). VOSviewer
[https://www.vosviewer.com] and R-tool [www.rstudio.com], which are open-access and free
applications that are frequently preferred in bibliometrics-related research, allow both in-depth and
visualization of the given data (Van Eck & Waltman, 2010). Information containing a comprehensive
view of the dataset using RStudio (biblioshiny) is presented in Figure 4.

Figure 4

A Comprehensive View of the Dataset

Timespan Sources Document
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As shown in Figure 4, 1465 scientific articles containing Al in education were written by 3783 authors,
according to the criteria determined from 1981 to the present [15.04.2024]. The number of scientific
articles with a single author was 280, the collaboration index between authors was 3.11, the
international collaboration index was 20.27%, the annual growth rate was 12.27%, the average number
of citations was 8.41, the number of references was 56458 and document average age was 3.35. The
thematic and strategic diagram technique in analyzing selected scientific studies creates dynamic
clusters by analyzing key or co-axial words (Law et al., 1988). These clusters provide information about
the general view of the research topic (Gonzales-Valiente, 2019). On the other hand, conceptual maps
created regarding the determined research topic divide the content of the total data set into information
sets and produce comprehensive results about the research content and trend (Wetzstein et al., 2019).
This way, qualified findings are obtained to better organize future research areas and reveal different
research patterns. In this context, the research analyzed data holistically by considering descriptive,
social network, conceptual structure, and thematic changes.

2.4. Validity and reliability

Reliability and validity studies are among the basic requirements of research. First of all, to increase the
research's validity, care was taken to express the actions taken regarding the research data process in
detail. In this regard, it is clearly stated which database the data will be obtained from, the website of
the database, the date on which the data was collected, what criteria were used when searching for the
data in the database, the keywords used in the data search, what restrictions were made in the search
module and in what format the data was recorded. For the reliability of external validity, the steps taken
in analyzing the data were specified, and information was given about the analysis programs applied. In
addition, the justification of the methods used in data analysis and the factors taken into account in
forming the data set are explained together with their reasons. Further contributing to reliability, the
findings were presented directly, and it was ensured that the findings were holistic. In addition, the
results obtained were supported by the relevant literature to increase consistency. In addition,
information about the analysis programs used in the research and the web addresses where this
software can be accessed are stated.

3. Findings

In this part of the study, the findings of Al-related research in the field of education, depending on the
determined sub-problems, are presented with their explanations. First, under scientific productivity, Al-
related research in education is distributed according to years, the number of citations, and the results
for the most contributing authors, studies, institutions, and countries. Immediately afterward, findings
from co-citation and co-author analyses are presented. Another title presents collaboration networks
between institutions and countries and word cloud analyses under keyword and co-occurrence analysis.
In addition, trending keywords and article titles of Al-related research in the field of education were
analyzed under the title of trend topic and thematic change. Finally, the conceptual formations of
published articles containing artificial intelligence in education are reported.

3.1. Scientific productivity on ai in educational research

The study reports the adventure of Al-related studies in education, according to the WoS database, from
1981 to the present, according to one year. In addition to the annual number of articles and citations in
different colors, the harmonic average of the citation numbers is also included. In this context, the
findings obtained according to the number of articles and citations registered in the WoS database from
past to present are presented below (Figure 5).
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Figure 5

Annual Number of Publications and Citation in Al in Educational Research
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When Figure 5 is examined, it is seen that the number of articles containing Al in education has increased
significantly, especially since 2019. There were almost no Al studies until 2019. Therefore, it is clear
that there has been an increasing interest in this issue in the last five years. When we look at the number
of citations, we see that there have been significant increases since 2019. Although there were very few
studies on Al in the field of education between 1981 and 2019, it is noteworthy that there are significant
increases in the number of articles and citations as we approach the present day. The table below lists
prominent productive authors on Al-related work in education (Table 1).

Table 1

Most Productive Core Authors on Al in Educational Research

Authors Publications Publications Fractionalized
Hwang, G. . 16 53
Chui T.K. F. 14 5.5
Chai, C. S. 12 2.6
Gulson, K. N. 9 3.8
Ogata, H. 9 2.1
Su, J. H. 9 3.7
Xie, H. R. 9 2.1
Zou, D. 9 2.1
Tu, Y. F. 8 2.1
Chen, X. L. 7 1.4
Chu, S. K. W. 7 2.1
Dai, Y. 7 2.2
Lin, C. Y. 7 2.2
Mishra, P. 7 2.3
Chen, C. H. 6 1.6

Table 1 shows authors producing on the subject of Al in education. These authors, also called core
authors, direct the changes in the field and profoundly influence the studies carried out. Core authors
produce approximately half of all publications in a research field and are known in bibliometrics as the
Price Law [M=0.749*(Nmax)1/2 (M= min. number of articles, Nmax= number of articles by prolific author)]
(Price, 1963; Yeoh et al,, 2013). According to the relevant table of core authors, the number of articles
published by Hwang, G. J. is the highest (as Nmax=16). For this reason, the number of articles for which
an author should be listed as a core author is calculated as three. The most productive authors are, Chui,
(14), Chai, (12), Gulson, (9), Ogata, H. (9), Su, (9), Xie, (9), Zou, (9), Tu, (8), Chen, (7), Chu, (7), Dai, (7),
Lin, (7), Mishra, (7) and Chen, (6) respectively. The table below lists the scientific articles that stand out
in terms of citation count (Table 2).

455



Sakarya University Journal of Education, 14(3) 2024, 447-472

Table 2

Most Productive Core Authors on Al in Educational Research

Total Citations TC per Year

Paper Doi Normalized
TC
Chatti, M. A,, 2012 10.1504/1JTEL.2012.051815 311 23.92 6.37
Garcia, P, 2007 10.1016/j.compedu.2005.11.017 253 14.06 5.44
Misyak, J. B., 2012 10.1111/j.1467-9922.2010.00626.x 199 15.31 4.08
Cotton, D.R. E., 2024 10.1080/14703297.2023.2190148 190 190.00 145.77
Hwang, G.]., 2003 10.1016/S0360-1315(02)00121-5 183 8.32 213
Tlili, A., 2023 10.1186/s40561-023-00237-x 182 91.00 35.21
Kessler, G., 2018 10.1111/flan.12318 139 19.86 5.83
Goralski, M. A, 2020 10.1016/j.ijme.2019.100330 138 27.60 7.47
Chou, C. Y., 2003 10.1016/S0360-1315(02)00130-6 125 5.68 1.46
Chatterjee, S., 2020 10.1007/s10639-020-10159-7 110 22.00 5.95
Farrokhnia, M., 2023 10.1080/14703297.2023.2195846 106 53.00 20.51
Warschauer, M., 2008 10.1080/15544800701771580 105 6.18 4.25
Cooper, G., 2023 10.1007/s10956-023-10039-y 104 52.00 20.12
Smith, R,, 2010 10.1177/1046878109334330 99 6.60 3.30
Lim, W. M., 2023 10.1016/j.ijme.2023.100790 98 49.00 18.96

When Table 2 is examined, the most cited article by Chatti et al. (2012) (23.92 citations per year) is the
article titled "a reference model for learning analytics". This article is followed by articles written by
Garcia et al. (2007) (14.06), Misyak and Christiansen (2012) (15.31), Cotton et al. (2024) (190.00),
Hwang (2003) (8.32), Tlili et al. (2023) (91.00), Kessler, (2018) (19.86), Goralski and Tan (2020)
(27.60), Chou et al. (2003) (5.68) and Chatterjee and Bhattacharjee (2020) (22.00) respectively. The
figure below shows the distribution of authors by country (Figure 6).

Figure 6
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When Figure 6 is examined, the authors who write articles on artificial intelligence in education are
primarily from one country. The country with the most connections among authors writing articles on
the specified research topic was China (n=309). This country is followed by USA (n=275), England
(n=96), Australia (n=78), Spain (n=70), Korea (n=35), Germany (n=32), Canada (n=28), Saudi Arabia
(n=27), India (n=23), Russia (n=23), Finland (n=20), Brazil (n=19), South Africa (n=19), Greece (n=18),
Iran (n=16), Sweden (n=16), Turkey (n=16) and Japan (n=15) respectively. The figure below shows the
authors who took the dominant role in a specific period (Figure 7).
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Figure 7

Authors' Production Over Time on Al in Educational Research
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When Figure 7 is examined, the authors named Hwang, G. J. and Lin C. ]., among the authors who have
played the dominant role from past to present, were quite influential in the relevant field between 2003
and 2024. In the last three years (between 2021 and 2024), Chiu, T. K. F., Chaij, C. S, Ogata, H., Su, ]. H,,
Xie, H. R, Zou, D, Ty, Y. F,, Chen, X. L., Chu, S. K. W,, Dai, Y., authors stand out more. Between 2017 and
2024, authors named Gulson, K. N.; between 2023 and 2024, Mishra, P., took the dominant role. The
figure below shows productive institutions on Al in education (Figure 8).

Figure 8

Most Relevant Affiliations Over Time on Al in Educational Research
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When Figure 8 is examined, The Education (n=46) and The Chinese University of Hong Kong (n=45) are
productive institutions in Al-related work in education. This is followed by institutions; Hong Kong
(n=32), Beijing Normal (n=28), South China Normal (n=27), Stanford (n=24), Nanyang Technology
(n=22), National Taiwan (n=22), Science and Technology (n=22), Deakin (n=20), Monash (n=19), Kyoto
(n=18), National Cheng Kung (n=16), Georgia (n=16), National Yunlin (n=15) and The Open (n=15)
respectively.

3.2. Network analysis on artificial intelligence
3.2.1. Co-Citation networks

Network analysis is an effective technique to reach essential findings in bibliometric research.
Visualizations are made by including associations such as authors, countries, and references in the
fictional structure of network analyses. In network analyses, co-citation network analyzes generally
come to the fore, and the way two scientific articles are cited together is described as co-citation and is
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shaped according to nodes and thicknesses in network visualization (Bagis, 2021). The criteria used for
the visualization process are stated below the figures (Figure 9).

Figure 9

Co-Cited Network Analysis in the Context of Cited Authors (220 articles)
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When Figure 9 is examined, according to the co-citation network analysis, network visualization
occurred in five different clusters within the context of authors. The nodes formed between clusters and
between authors within the cluster show the strength of the connections and indicate the influence of
the authors in that cluster according to the node's width (Findlay & van Rensburg, 2018). For example,
in the red cluster, Hwang and Chen influence the cluster as dominant authors and write articles on
similar topics. On the other hand, in the purple cluster, Zawacki-Richter, Luckin, Williamson, Selwyn; in
the green cluster, Openai, Dwivedi, Cotton, Cooper, and Tlili; in the blue cluster, Chiu, Venkatesh Cohen,
Ng, and Hair; in the orange cluster, Fryer, Godwin-Jones, Zhang and Jeon authors stand out as the most
influential authors of the clusters. These writers influence the cluster they are in and tend to anchor
their community by directing both the cluster and other clusters with their study subjects (Mostafa,
2020). Below is a visualization of the co-citation network formed in the context of sources (Figure 10).

Figure 10

Co-Cited Network Analysis in the Context of Cited Sources (220 articles)
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When Figure 10 is examined, according to the co-citation network analysis, network visualization occurs
in six different colored clusters in the context of resources. Computer & Education in the orange cluster;
Computers in Human Behavior in the light blue cluster; Educational Technology & Society, Computer
Assisted Language Learning, Journal of Computer Assisted Learning, and The Language Learning Journal
in the purple cluster; International Journal of Educational Technology in Higher Education and Science
Education in the red cluster; British Journal of Educational Technology, International Journal of Al in
Education in the green cluster; Review of Educational Research, Journal of Research in Science Teaching
and Journal of Science Education and Technology in the blue cluster, resources interact intensively in
their cluster. In this respect, these resources manage the changes in the field and influence the cluster
in which they are located and other clusters.

3.2.2. Collaboration networks

In this part of the research, visualizations of collaborations on Al-related issues in the field of education
are included. In this regard, within the scope of co-author analysis, the general view of the collaboration
networks between authors, institutions, and countries is presented in visual form. The fictional nature
of co-author collaboration means that more than one author contributes to writing a scientific article
and naturally becomes a part of the work. In this respect, a detailed view of the social network structure
between authors, institutions, and countries is obtained (Bagis, 2021). Below are the co-author network
visualizations according to author, institution, and country criteria, respectively.

Figure 11

Co-Authorship Network Analysis in the Context of Authors (23 articles)
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When Figure 11 is examined, it is seen that the collaboration between the authors is collected in five
different clusters. However, there is no intense interaction in terms of both the width of the nodes and
the connection strength. Accordingly, authors named Chiu dominate the green cluster, Ogata dominates
the red cluster, Dai dominates the orange cluster, Su dominates the blue cluster, and Sanusi dominates
the purple cluster. These authors have established limited interaction within their cluster. Therefore,
there is not much cooperation and interaction between authors on Al in education. Collaborations
between authors are generally between the same institution, university, Ministry of Education, and
people living in the country, and geographical proximity also deeply affects collaborations. The author
or authors who participate in this collaboration and are in a central position are described as
"information brokers" and act as information disseminators (Park et al., 2015). Below is a visualization
of the co-author network according to institution criteria (Figure 12).
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Figure 12

Co-Authorship Network Analysis in the Context of Institutions (23 articles)
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When Figure 12 is examined, it is seen that the visualization of cooperation between institutions is
divided into 17 different clusters. According to network analysis, The Chinese University of Hong Kong,
Beijing Normal University, National Taiwan University of Science and Technology, National Cheng Kung
University, Hong Kong University, Deakin University, Sydney University, South China Normal University
and Monash University appear to be more productive in institutions' collaboration. One of the essential
features of these institutions is that they are located in Far Eastern countries. Therefore, more emphasis
is placed on Al applications in education, especially in Far Eastern countries. Below is a visualization of
the co-author network according to country criteria (Figure 13).

Figure 13

Co-Authorship Network Analysis in the Context of Countries (23 articles)
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When Figure 13 is examined, it is seen that the visualization of cooperation between countries is divided
into 11 different clusters. According to network analysis, China, USA, Taiwan, Australia, England, Spain,
India, Canada, Finland, South Africa, and Russia are the more prominent countries in cooperation. China,
which is in the purple cluster, has cooperated chiefly with countries that are geographically closer to it,
such as Thailand, Japan, Taiwan, and Singapore. The USA has cooperated chiefly with Australia, Canada,
Taiwan, Colombia, and the Netherlands in the green cluster. India, which is in the red cluster, mainly
cooperates with countries such as Saudi Arabia, Malaysia, Russia, and Bangladesh. According to the
results of this analysis, geographical proximity has a significant impact on countries' cooperation.
Similarly, the impact of cooperation can be mentioned in the context of developed and developing
countries. Below is a visualization of the co-author network according to country criteria (Figure 14).
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Figure 14

Authors’ World Collaboration Network on Al in Educational Research

Figure 14 shows intense traffic in the co-network between countries. According to this cooperation
network between countries, collaborations between China and the USA (n=28), between the UK and
Australia (n=18), between China and Australia (n=16), between USA and Australia (n=10), between USA
and Canada (n=9), between USA and Germany (n=8), between Australia and Germany (n=7), between
China and Canada (n=7), between China and Japan (n=7), between China and Singapore (n=7), between
China and UK (n=7), between Australia and Canada (n=6), and between UK and Germany (n=6) are more
prominent. According to network relationship traffic, relationships between continents come to the
fore. In particular, the intense network between countries in Asia, America, and Australia is noteworthy.
According to network relationship traffic, relationships between continents come to the fore. In
particular, more intense cooperation between countries in Asia, America, and Australia is noteworthy.

3.2.3. Keywords and co-occurrence network analysis

The keywords of the determined study topic give clues about the article's content and help access the
desired documents. Keywords are highly preferred in bibliometric analyses due to their features and
the basic framework of the analyses (Chen et al., 2023). In this bibliometric content research based on
multifaceted analyses, word cloud analysis was conducted according to the keywords determined by
the authors. In the fictional structure of the word cloud, textual data is visualized to obtain a view, and
its value in research is determined depending on the predominant use of the word (Liao et al., 2019).

Figure 15

Word Cloud for on Al in Educational Research (<70, Keywords plus)
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When Figure 15 is examined, the keywords frequently preferred by researchers related to the research
topic are; "education,” "students, technology,

mn

artificial intelligence,” " "

mi mn

performance,” "science,” "model,”
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"on: "o

impact,” "knowledge,” "online," " user acceptance” and "teachers.” The number of
common words was used to draw the general picture of Al-related research in education to determine
in which areas the studies showed more tendencies and how frequently they were used. The
visualization obtained from the common word network analysis is presented below (Figure 16).

"system,” "design,

Figure 16

Co-occurrence Network Analysis in the Context of Author Keywords (23)
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When Figure 16 is examined, it is seen that many clusters are formed in the keyword network analysis
with Al content in the field of education. Especially in the orange cluster, the words "artificial
intelligence” in the light brown cluster, "ChatGPT," "higher education,” in the brown cluster, “generative
artificial intelligence (GAI)," and in the light blue cluster, "machine learning” come to the fore. These
words also point to trends regarding the research topic and provide ideas for future researchers. Below
is a three-plot (Sankey diagram) analysis (Figure 17). According to the results of the analysis, the

authors are located in the middle of the figure, the contents are on the left, and the countries are on the
right.

Figure 17

Sankey Plot on Al in Educational Research (keywords- authors-countries)
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When Figure 17 is examined, the size of the boxes provides us with detailed and holistic information
about the content, authors, and countries of the studies related to the research topic. Depending on the
size of the boxes, the keyword "artificial intelligence" covers many authors and countries in many ways.
Likewise, the keywords "education” and "ChatGPT" also have a widespread effect. When we look at the
authors' category, the keywords used by the authors, such as Hwang, G. ]., and Chiu T. K. F,, significantly
affect the field and direct the studies in the field. One of the strengths of studies in the field is that it is
demonstrated that the countries that are influential in the research topic (China, Australia, USA, etc.)
have a say in this field.

3.2.4. Trending topics and thematic evolution

In this section of the findings section, trending (prominent) topics related to the research topic and
thematic changes determined depending on the topics are presented holistically. In this heading, the
changes in Al-related studies in education from the past to the present have been analyzed over the
years. Trend topics and thematic changes show which topics are more prominent in specific periods and
hot spots in research (Chen et al.,, 2023; Mostafa, 2022). Below, the trend topics titles of research with
Al content in educational research are presented (Figure 18).

Figure 18

Al in Educational Research Topics Map
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When Figure 18 is examined, it is seen that new generation technological content such as "Al" (2021-
2023), "ChatGPT" (2023-2024), "higher education"” (2023-2024), "machine learning” (2021-2023), "GAl"
(2023-2024), "learning analytics” (2021-2023), "e-learning” (2021-2023), "online learning” (2020-2022),
"intelligent tutoring systems"” (2009-2020), "distance learning” (2013-2023), "simulation” (2010-2023),
"blended learning” (2018-2023) and "blockchain” (2020-2022) are abundant. As we get closer to today,
itis understood that there are trends toward machine learning, blockchain, e-learning, GAI, and learning
analytics, as well as Al

3.3. Conceptual structure and thematic maps

In this part of the research, an attempt was made to determine the general view of the conceptual
structure using Multiple Correspondence Analysis (MCA) based on the keywords determined by the
authors for the research topic. Thanks to this analysis, conceptual mapping was tried to be determined
in detail. Therefore, the conceptual structure of Al-containing documents has been visualized since
1981. Below are the MCA findings of scientific articles containing Al in education (Figure 19).
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Figure 19

Al in Educational Conceptual Structure Map (MCA Method)
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When Figure 19 is examined, according to the MCA result based on the keywords determined by the
author(s) related to the research topic, the best dimension reduction was calculated as 48%, depending
on three different clusters. According to the figure showing the factor analysis application, the clusters
represented contain different colors, and the distance between the points represents common features
(Wong et al,, 2021). Accordingly, it can be seen that new generation technological concepts such as
"learning analytics,” "AL," "ChatGPT," "higher education,” "Al in education,” "machine learning,” "deep
learning,” "intelligent tutoring systems,” "chatbots,” "ethics," "GAI" and "language learning" are more
intense in the red cluster. Therefore, the effects of technological innovations are felt quite intensely in
this cluster. In the blue cluster, more technology and education combinations such as "education,”
"technology,” "
such as "educational innovation,” "GAL" and "academic integrity"” stand out. Below is the thematic map
representing Al-related topics in education (Figure 20).

creativity,” and "learning"” come to the fore. In the green cluster, innovations in education

Figure 20

Al in Educational Thematic Map (Authors Keywords)
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The clustering algorithm Walktrap style was preferred in visualizing the thematic mapping in Figure 20.
The map has four quadrants: Niche, Engine, Emerging or Declining, and Basic themes. The bubble size
in the image is determined in proportion to the number of keywords preferred by the authors and is
interpreted depending on the bubble size (Mostofa, 2022). Motor themes, one of the four quadrants,
involve high density and centrality and indicate internal and external development (Cobo et al., 2011).
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The representations determined within this theme are the technology acceptance model,
communication, mobile learning, task analysis, learning analytics, Al in education, deep learning, Al,
education data mining, and self-regulated learning. These representational contents are widely used in
the relevant field and cover a wide area of influence. Another quadrant, Niche themes, consists of
developed but isolated representations. The representations determined within this theme are
education technology and Al literacy. Although the impact areas of these representative contents are
limited, they provide valuable information about the content of the study area. Another quadrant,
Emerging or Declining themes, consists of low-density and central representations. The representations
determined within this theme are as follows: computational thinking, stem education, Al education,
bibliometric, and intelligent tutoring systems. Although the impact areas of these representational
contents are limited, they represent the center of the study field. Another quadrant is basic themes; it
involves low density but high centrality. The representations determined within this theme are as
follows: e-learning, generative Al, chatbots, ChatGPT, and virtual reality. This theme also shows the
prevalence of the field of study and provides information about the trends of today's Al-related studies.

4. Results, Discussion and Recommendations

Within the scope of this study, a bibliometric analysis of Al-related studies in the field of education from
the past to the present was carried out. According to the determined criteria, it has been observed that
the increase in the number of articles containing Al in the field of education has been continuous since
1981. It has been determined that the number of scientific articles and citations has gained momentum,
especially in the last five years, and similar increases in Al are expected to increase in the coming years.
These findings coincide with the results of studies conducted in previous years (Bozkurt et al,, 2021;
Chen et al,, 2022; Peak & Kim, 2021). As Al took place in human history, the development of new
technological tools that will profoundly affect social life has accelerated. Therefore, both the increase in
the number of scientists and the diversity of Al-based applications indicate that Al will be an essential
field of study in the future. Because of the increase in reference numbers, interest in Al is expected to
increase. Especially considering that the development of other disciplines depends on education, the
effects of Al on education will be inevitable. For this reason, depending on the number of scientific
studies and citations in the future, documents related to Al in education will reach significant volumes.
Similar studies indicate that the number of studies on Al will increase significantly in the coming years
(Bahroun et al., 2023; Forero-Corba & Negre-Bennasar, 2024; Xie et al., 2019).

It has been determined that authors named Hwang, G. ], Chui, T. K. F,, Chaj, S. S, Gulson, K. N., Ogata, H,,
Su, J.H., Xie, H. R, and Zou, D. are more prominent in the field of Al in the field of education. These authors
direct the developments in the field and lead in determining the content of the study subjects. These
authors' common features include receiving many citations, designing qualified studies, and creating
reference sources by creating content-rich resources in the field. When the most cited studies were
examined, it was determined that the article "A Reference Model for Learning Analytics,"” published by
Chatti et al. (2012), stands out. In this study, the authors focused on learning analytics, which includes
many disciplines such as machine learning, Al, information retrieval, statistics, and visualization.
Another highly cited study by Garcia et al. (2007) published "Evaluating Bayesian Networks' Precision
for Detecting Students' Learning Styles." The authors used the proposed Bayesian model to determine
the student's learning style in an Al web-based education system in this study. These studies are seen
as pioneering studies in terms of the development and progress of Al. Considering the increasing role of
Al in our lives, the need for such studies is expected to increase. In social development, Al-focused
technological content is needed more than ever, and valuable steps are being taken to develop
productive Al-based applications (OECD, 2019; UNESCO, 2021). For these reasons, Al systems, included
in people's daily lives in all segments of society, will continue to become an indispensable part of life.

465



Sakarya University Journal of Education, 14(3) 2024, 447-472

Another research finding was obtained from the distribution of responsible authors by country.
Corresponding authors are mostly affiliated with China, the USA, the UK, Australia, Spain, and Korea.
Therefore, there is intense interest in Al in education studies in these countries. On the other hand, many
different countries are interested in this research topic. This finding parallels studies in the literature
(Hinojo-Lucena et al., 2019). The majority of writers stand out as writers from a single country. These
authors generally participate in joint studies based on geographical proximity and produce a limited
number of studies in the context of multi-country authors. Especially in the period close to the present
day, authors named Hwang, G., Chiu, T. K. F,, and Chai, C. S. have taken the dominant role. These authors
are also seen as core authors and profoundly influence change in the field. One of the remarkable
findings of the research is that institutions in Hong Kong have come to the fore in Al-related studies in
the field of education. Many influential authors are affiliated with these institutions (The Education
University, The Chinese University, Hong Kong University) and collaborate intensively on published
quality studies. Network analysis reveals the invisible collaborative network of countries and
institutions participating in research through scientific collaboration visualization and helps intuitively
display potential scientific collaborators (Chen et al.,, 2022). In the findings obtained from network
analyses, authors named Hwang, Chen, Zawacki-Richter, Luckin, Williamson, Chiu, Openai, Dwivedi,
Cotton, and Fryer determined that the connection clusters in the network visualization were thick and
frequent. Therefore, these authors unite on similar subject contents and stand out more on the topics in
their fields of study. The subject areas of these authors include content that will guide the field, such as
Al application examples, the theoretical framework in Al-based learning, Al-based learning outcomes,
Al-designed learning experiences, and the effectiveness of Al in application areas. In terms of resources,
there is heavy collaboration traffic between Computer & Education, Computer Assisted Language
Learning, Computers in Human Behavior, Educational Technology & Society, Journal of Computer
Assisted Learning, British Journal of Educational Technology, International Journal of Educational
Technology in Higher Education and Science Education, Journal of Research in Science Teaching, Journal
of Science Education and Technology, Review of Educational Research and International Journal of Al in
Education resources. These sources are prestigious and have gained a respected place around the world.
Most of these sources, which contain qualified studies, have SSCI, SSCI-Expanded, and ESCI indexes and
are scanned in the WoS database (WoSG, 2024). Another result of the research findings is that countries
from many continents cooperate in the cooperation network. Especially China and the USA stand out in
this field. Although this finding is expected, it is known that the Ministry of Education of China has
intensive studies in Al (Cui et al., 2018; Huang et al,, 2021b; Shi et al., 2024). Similarly, many publishing
organizations are based in the USA and host leading studies in this field (OECD, 2019).

According to the findings obtained from the trending topic and thematic change heading of the research,
it has been determined that as we get closer to the present day, ChatGPT, generative Al, machine
learning, deep learning, blockchain, Al in ethics, language learning chatbots, intelligent tutoring systems
and learning analytics topics become prominent. These issues are among the current issues in the field.
Al has permeated many areas of our lives with the development of technology. It has become an
essential part of our social lives. Therefore, the presence of Al in educational environments will be felt
more and more day by day (Chen et al., 2020; Huang et al., 2021a; Hwang et al,, 2020; Lin et al,, 2021;
Russell & Norvig, 2021). Al technology has emerged as a revolutionary force that has profoundly
transformed various aspects of human life (Bahroun et al., 2023). The research findings show that Al is
addressed in education in many ways. Developments resulting in the development and use of Al in
education provide innovative opportunities for researchers to benefit from Al. Therefore, when the
effects of Al in different subject disciplines are evaluated together, the subject diversity in the field will
expand further. Such bibliometric studies provide valuable clues in determining trends, contents,
productions, and collaborations in the field. Therefore, periodically reviewing publications related to
the research topic is necessary.
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4.1. Limitations and agenda and implications for future research

This study aims to examine the current landscape of Al in education, predict its future effects, and
explore its future direction. Conducting longitudinal studies emphasizing curriculum designs to ensure
the full integration of Al into educational environments can provide qualified data for future research.
Its effects over long periods can be especially revealed with the help of longitudinal studies. The
keywords presented by the researchers revealed a clear pattern regarding Al in education, which has
yet to escape the field of traditional education. Therefore, in-depth research on the direct effects of Al
algorithms and tools on education can be further encouraged. The emergence of Al technologies in
education has begun to manifest itself intensively in areas such as medicine and health, engineering,
economy, transportation, agriculture, and logistics. Therefore, its relationship with the field of education
can be investigated by conducting similar studies in different disciplines. In particular, the impact of Al-
based tools in learning environments can be examined through experimental research, and their role in
shaping the future of education can be revealed in depth. The findings obtained from the research offer
valuable opportunities for the integration of Al into education and the diversification of educational
content. Considering the findings of studies involving Al, researchers can conduct studies on the effects
of educational materials with more dynamic content by focusing on individual learning. More emphasis
can be placed on subject areas that will shape the lifelong learning experience of Al applications.
Additionally, learning designs can be created to increase Al awareness. Topics such as ChatGPT, machine
learning, deep learning, and blockchain can be researched by considering many factors, such as
students' achievements, interests, performances, perceptions, and affective changes. The effects of
collaborative learning applications that center on the collaboration of humans and Al can be determined
to achieve educational outcomes, which is another gap in the field. In addition, their effects on the
performance of students with specific learning difficulties can also be examined. This study, which deals
with the content of Al in education holistically, also has certain limitations. The most important
limitations of the study include the fact that only the WoS database was used, Education Educational
Research was chosen as the WoS category, only studies written in English were included in the research,
and only scientific articles were used as the data set.
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1. Introduction

In language tests, item writers can be an extremely important aspect which directly affects test validity,
such as their impact on test and test specification development. No matter how high the theoretical
validity of a developed test, item writers competence can directly affect test validity. Therefore, the
performance of item writers and their accurate guidance is an important stage of test development. To
improve item writer performance, it is necessary to first identify the situation. Importantly, the
appropriate guidance needed by question writers is enhanced by the performance of item writers. One
of the best ways to determine item writer performance is through actual item writing and piloting, even
though this is not always practical. For this reason, several studies have relied on expert judgement of
item difficulty to determine performance indicators (Fergadiotis et all., 2019; Hambleton & Jirka, 2006;
Sydorenko, 2011; Wise et all., 2009).

In the test development process, having knowledge regarding item difficulty is crucial. For a particular
group of test participants, the difficulty of items can be determined fairly accurately following pilot
testing. However, it is necessary to understand what makes items more or less difficult while being
developed and prior to being piloted. A common practice in test development is to provide item writers
with item-level descriptors, which are usually grounded in previous research related to predictors of
item difficulty. For example, previous research has identified various factors that affect item difficulty
including negation in the stems (e.g., Hambleton & Jirka, 2006), topic familiarity (e.g., Freedle & Kostin,
1999), or lexical knowledge (e.g., Rupp, Garcia, & Jamieson, 2001). One of the purposes of such research
is to increase item-writing process efficiency by providing specific guidelines and item-level descriptors
to item writers (Kostin, 2004). Additionally, further studies have expanded on these factors. For
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instance, Bachman (2002) highlighted even experienced item writers often struggle with accurately
predicting item difficulty, emphasizing the need for extensive training and detailed guidelines. Similarly,
Alderson (1993) found judges are better at predicting the difficulty of reading comprehension items
compared to other types, such as cloze tests, indicating variability in difficulty prediction across
different item formats. Moreover, Bejar (1983) demonstrated the accuracy of item difficulty estimates
can be significantly improved through use of anchor-based methods and training, though these
improvements are not always sufficient to entirely replace empirical pretesting. Furthermore, Shohamy
(1984) indicated the type of response format (i.e.,, multiple-choice vs. true-false) significantly impacts
item difficulty, with multiple-choice items generally being more challenging due to lower probability of
guessing correctly. This body of research collectively aimed to refine the item development process by
providing item writers with robust, empirically validated tools, and guidelines which enhance the
predictive accuracy of item difficulty. By integrating these findings, test developers can create more
reliable and valid assessments to more accurately measure intended skills and knowledge.

Alderson, Clapman, and Wall (1995) argued that no matter how well a test is designed, it can be quite
challenging to determine whether the items are appropriate without first piloting them on learners.
Even experienced teachers and test experts often disagree on what a specific item measures or how
difficult it may be. Therefore, piloting is essential to assess test validity and reliability. Boylu (2019)
notes that while item analysis might seem challenging, instructors can easily conduct difficulty and
discrimination analyses. However, many educators feel they lack proficiency in areas such as
"calculating item discrimination”, "determining which items to include based on discrimination index
scores”, and "calculating test reliability and validity" (Altintas, 2022; Boylu, 2019).

Exams created by Turkish Language Teaching Centres (TLTC) often lack validity and reliability due to
instructors' limited knowledge regarding item writing and language assessment (Gedik, 2017; Isikoglu,
2015). This leads to inaccurate assessments which can negatively affect students (Kutlu et al., 2010).
Although the inadequacy of assessment tools and instructors' difficulties in applying language
assessment principles have been identified, studies focusing on the root cause of these issues remain
insufficient. For example, current research measures instructors' theoretical knowledge through
surveys and tests (Boylu, 2019; Cavusoglu & Isik, 2021; Karagél, 2020; Mercan & Géktas, 2023; Ozdemir,
2023; Sertdemir, 2021), but independent studies are needed to address specific stages of assessment
tool development. Furthermore, short-term targeted training can offer long-term benefits by addressing
specific problem areas.

2. Study Purpose

In language exams, it is important for item writers to know the principles of assessment, write questions
considering content validity, and comprehend the assessment objectives of items. An item writer should
also know whether an item is appropriate for the target group. In this case, item writers should to be
able to determine the difficulty levels of items they produce as well as content validity. It is
recommended in the literature to assemble a test with items of varying difficulty which address all
ability levels within a target population. In other words, in a test designed to assess reading skills in
proficiency and placement exams, the item difficulties of all items should not cluster around a certain
difficulty level. For example, a test consisting of only easy or difficult items could jeopardize the validity,
reliability, and discriminatory power of the test. Therefore, it is important the item difficulty perceptions
of item writers align with the results of item analyses.

Therefore, the aim of this study included, first, to compare the item difficulty perceptions of instructors
and item writers in the field of teaching Turkish as a foreign language with the item difficulty indices
obtained from item analyses, and second, to determine whether their predictions regarding the item
difficulties were correct or not.
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Additionally, another aim of this study was the analysis of different factors which influence the
consistency of teachers' estimates regarding item difficulty.

If it was determined the item difficulty predictions of instructors were not consistent with the item
analyses, therefore, an additional aim of the study, which was dependent on the data results, was to
make suggestions on how item writers can improve in this regard.

3. Method

In the study, descriptive survey method based on quantitative variables was used. The descriptive
survey method aims to describe an existing situation regarding a specific group through use of a
questionnaire. In this survey method, which is frequently used in educational research, data are
collected from a specific group at a specific time. Descriptive survey method provides information about
the behaviors, ideas, beliefs, knowledge, and so forth of the participants in the survey. Through the
collected data - descriptions, comparisons, and classifications - can be made about the questions related
to the research (Cohen et al., 2000).

Based on the descriptive survey method, our study aim was to determine the surveyed instructors
perceptions of item difficulty. In this context, first, item analyses of tests applied to various groups at
different language levels were conducted. Then, a survey was administered to a group of 51 instructors
with varying years of experience, levels of education, and education program, asking them to estimate
the difficulty level of test items. According to our survey results, instructors’ difficulty estimates of the
items and difficulty levels of the items according to our analyses were compared, and it was determined
to what extent instructors estimates regarding item difficulty levels were compatible.

Considering the literature highlights that the predictions of item writers are more compatible, especially
in reading skills and multiple-choice items, we first wanted to determine overall consistency. For this
reason, agreement analysis was conducted to provide a more general view to analyze the consistency
between item difficulties and instructors' predictions. First, we looked at prediction agreement
according to the level for the Common European Framework of Reference for Languages (CEFR). As a
result of the low agreement rates in the results obtained from the agreement analysis, we decided to
expand the analysis. In addition to agreement analyses, to analyze inter-rater reliability among
instructors’ predictions, a Fleiss’ Kappa analysis was performed (Nichols et al., 2010). As the agreement
in this analysis was also low, to understand common patterns and types of errors made by all
instructors, we decided to apply confusion matrix for each instructor. Even though confusion matrix is
a performance measurement tool for machine learning classification models, the fact that our data was
quite suitable for this model persuaded us to consider this analysis method could be useful for our
evaluation.

Furthermore, to see whether the instructors’ characteristics, which was another aim of our study, had
an effect on their predictions, participants were grouped according to various characteristics and
ANOVA analyses were performed using SPSS statistical analysis software.

3.1. Sample group

3.1.1.Demographic information

Instructors from various disciplines teach Turkish as a foreign language. The instructors working in
TLTC’s have also achieved different levels of education such as undergraduate, graduate, and doctorate
degrees. In addition to these differences, there are a variety of certificate programs offered for teaching
Turkish as a foreign language and some instructors participate in such programs. Thus, to observe
whether such differences have an effect on prediction of item difficulty value, in the first stage of the
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questionnaire, the instructors were queried about their individual characteristics regarding the field of
teaching Turkish as a foreign language.

Figure 1 and Figure 2 illustrate ratios related to participating instructors’ educational status along with
the university departments from which they graduated.

Figure 1

Instructors’ Education Level

Undergraduate Master’s Ph.D
100% degree
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It can be seen in Figure 1 a majority of instructors (approximately 57%) have earned a Master’s degree.

Figure 2

Education Programs from which Instructors Graduated
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It can be seen in Figure 2 that 14% of participating instructors graduated from a teaching Turkish as a

foreign language program, 16% from teaching Turkish, 64% from Turkish language and literature, and
8% from other departments such as Linguistics or elementary school teaching).

Instructors’ experience in teaching Turkish as a foreign language was grouped according to 0-1, 2-4, 5-
9, and 10 or more years.

Figure 3
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In Figure 3 it can be seen a majority of instructors (approximately 39%) have between two to five years
of teaching experience. While, approximately 12% have zero to one year of teaching experience, 29%
with two to four years teaching experience, and 20% with 10 or more years teaching experience.

In addition to demographic information presented in Figures 1, 2, and 3, 75% of instructors stated
having received training specific to teaching Turkish as a foreign language. Along with this, 85% of
instructors stated participating in certificate programs related to teaching Turkish as a foreign language,
while 78% stated regularly preparing various exams.

4., Data Collection Methods

For the purpose of this study, two different data collection methodologies were used. The first was to
analyze tests utilized in the TLTC. In the beginning stage of this study, the tests were analyzed, while in
the second study stage, an item difficulty perception survey was developed and administered to
instructors via Survey Monkey. Data obtained from the survey were used to access instructors’
demographic information as well as to compare instructors' item difficulty perceptions with difficulty
values from the item analysis. Next, the final study stage involved comparing correlations between
instructors' item difficulty estimates and the item analyses from different analyses.

4.1. Item analysis

Within the scope of this study, first, item analyses of test sections assessing reading skills. prepared for
different levels, were analyzed. For example, at the B1 level, two different tests were used: fill-in-the-
blank, to measure grammatical accuracy, and a reading test to assess reading comprehension, which
consisted of five multiple-choice (MC) items with each including three options. Similarly, at the B2 level,
two tests were used: fill-in-the-blank test, prepared to measure grammatical accuracy, including the
appropriate options, and a reading test aimed at assessing reading comprehension skills, which
consisted of five multiple-choice (MC) items each with three options. Next, at the C1 level, only a fill-in-
the-blank test was utilized to measure grammatical accuracy, vocabulary, and cohesion. Importantly,
tests used at a TLTC as part of course achievement exams, was included as part of reading skills
assessment. [tem analysis for each test was carried out with data from exams administered in the TLTC.
Information regarding the number of candidates and item types is presented in Table 1.

Table 1

Information Regarding Tests

Test Candidate Numbers Number of Items Item Types

B1.1 81 10 MC / 3 options
B1.2 81 5 MC / 3 options
B2.1 86 10 MC / 3 options
B2.2 56 5 MC / 3 options
Cl1.1 59 10 MC / 3 options

Our test data were analyzed through the TAP program with item difficulty, item discrimination and
biserial, point biserial correlations calculated for every test. Test reliability was based on the K20 values
calculated for each test through TAP. Test reliability, mean item difficulty, and test discrimination rates
are presented in Table 2.

Table 2
Information Regarding Reliability, Discrimination, and Mean Difficulty of Tests

Test Test Reliability Test Discrimination Mean Item Difficulty
[K20(Alpha)] (Mean Point Biserial)

B1.1 0.672 0.504 0.635

B1.2 0.555 0.600 0.548

B2.1 0.548 0.447 0.653

B2.2 0.585 0.613 0.550

C1 0.638 0.462 0.329
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K20 Alpha values in Table 2 show test reliability. Tests with a K20 Alpha value higher than 0.6 have an
acceptable reliability level. However, considering the small sample size, all tests in this study had only
marginally acceptable reliability with values above or around .60.

Within the scope of this study, the theory proposed by Crocker and Algina (1986) was referred to as a
basis for analyzing test items with items with a discrimination index greater than 0.40 determined as
good, and items between 0.30 and 0.39 considered acceptable. However, items below 0.30 did not meet
discrimination levels. Item difficulty was evaluated between 0 and 1 in the literature and items with
0.50 considered to have moderate difficulty. Importantly, it is generally recommended to include items
of moderate difficulty in a test, yet to ensure discrimination, difficult and easy items should also be
included in a test. Within the scope of the current study, items between 0.01 and 0.40 were considered
difficult, items between 0.41 and 0.60 considered moderate difficulty, and items between 0.61 and 0.99
considered easy. Regardless, discrimination indices should also be considered when evaluating
difficulty levels. In particular, items with difficulty values on the borderline such as 0.41 and 0.61 should
be examined together with their discrimination indices and data interpreted, along with difficulty
classification being made.

4.2. Data collection for item difficulty prediction

In the study’s second stage, a questionnaire was applied to instructors working in various institutions
for teaching Turkish as a foreign language. In the questionnaire’s first stage, instructors were asked
various questions such as the department from which they graduated, the degree they earned, amount
of teaching experience, and whether they had prepared exams in the centers in which they worked. In
the questionnaire’s second stage, instructors were asked about their item difficulty evaluations. Texts
and items from the reading skills test were sent to the instructors and they were asked to determine
item difficulty for each item as "difficult", "moderate”, or "easy". The questionnaire prepared for
instructors to complete was shared for them to access on "SurveyMonkey". Within the scope of this

study, 51 instructors voluntarily completed the survey.
4.3. Analyzing consistency between difficulty level and difficulty prediction

The study’s final stage was to evaluate the relationship between instructors' item difficulty perceptions
and item analyses. Since there were no studies identified in the literature regarding item difficulty
predictions of instructors teaching Turkish as a foreign language, along with no data about the general
consistency of instructors in this regard, it was determined to provide a preliminary overview.
Therefore, to determine instructors’ agreement regarding item difficulties as well as the general view of
whether a standard existed or not, we first examined instructors item difficulty predictions on the basis
of inter-rater validity.

Consistency between item difficulty analyses and instructor evaluations was measured through method
of agreement analysis. For example, the formula from Miles and Huberman (1994) was used in
agreement analysis.

((Number of Agree / (Number of Agree + Number of Disagree))*100

The Miles and Huberman formula, generally used for inter-rater reliability, was utilized in this study to
calculate agreement among instructor ratings. Instructors' item difficulty ratings were classified by
taking into account the rating with the highest percentage. For example, an item rated by instructors as
36% (Low), 56% (Moderate), or 8% (High) was classified as "moderate". Furthermore, item difficulty
levels were also coded by classifying them as difficult, moderate, or easy based on the item analysis
results.

As aresult of the low agreement and lack of consistency in the item difficulty predictions of instructors,
a more detailed analysis was necessary. Thus, in addition to agreement analyses, as a means of analyzing
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inter-rater reliability among instructors’ predictions, a Fleiss’ Kappa analysis was performed (Nichols
et al,, 2010), and a Kappa score of 0.049 found. This score indicated only a slight agreement among
instructors’ predictions, indicating minimal consensus regarding item difficulty categorization.
Additionally, instructors’ predictions of item difficulty levels, including low (easy), moderate, and high
(difficult) were converted into ordinal values; 1, 2, and, 3, respectively. Difficulty levels of items found
through item analyses were also converted into ordinal values, where >.70 was coded as 1 (easy), .70-
.30 as 2 (moderate), and <.30 as 3 (difficult).

As aresult of low prediction success, it was decided to apply confusion matrix for each instructor. Even
though confusion matrix is a performance measurement for machine learning classification models, the
fact our data was quite suitable for this model convinced us to incorporate this analysis in the evaluation
process. Thus, in this study, focused on instructor perceptions in language assessment, a different
analysis methodology was conducted and in effect presented to the field. Indeed, the use of different
analysis methods in the field of language assessment can likely increase opportunities for observation
as well as to identify unforeseen problems and deficiencies. Based on the results of our use of confusion
matrix, we first determined each instructor’s item perception success along with interpreting the
analysis results. Within the scope of this study, each instructor’s matrix results were not shared, but one
instructor’s results are presented as an example as well as success percentage data of each instructor
also presented in Appendix 1.

Next, to obtain detailed analysis data, ANOVA analyses were performed through SPSS. In ANOVA
analyses, each instructor's item difficulty prediction (low, moderate, high) as well as item difficulties for
the item analyses (easy, moderate, difficult) were coded. A paired sample t-test analysis was also
conducted to determine whether prediction success varied at different CEFR levels. Demographic data
obtained from the survey regarding instructors were also included in the analyses to understand
whether different factors played a role in instructors’ success in predicting item difficulty. Additionally,
our analysis examined whether the success rates of trainers were related to their experience, level of
education, department from which they graduated, having a foreign language teaching certificate,
and/or preparing exams.

4.4 Ethical Principles

The ethics committee report for this study was obtained from the Istanbul University Rectorate Social
and Human Sciences Research Ethics Committee with the decision dated 11.01.2024 and numbered
2024/19.

5. Findings and Discussion

Different analyses were carried out with differing data at different stages of this study. In the first stage,
item analyses of reading tests for different language levels obtained from a TLTC were conducted. There
were a different number of candidates and items at each level. In the second stage, the questionnaire
percentages for instructors' item difficulty perceptions were determined as well as comparisons made
regarding item difficulty values. In the third stage, agreement analysis of the instructors’ difficulty
ratings and item difficulty ratings were conducted.

5.1. Item analyses of B1, B2, and C1 tests

Following the item analyses, which was the first stage of this study, and conducted through TAP (Test
Analysis Program), tables were prepared for analysis of data from each test. Then, these data were
interpreted through the classification of theory and difficulty levels determined within the study’s scope.
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5.1.1. Item analyses of B1 level tests

Table 3
Item Analyses of B1.1 Test

B1.1 / 3 options MC /choosing the correct fill-in-the-blank answer

[tem Correct Item Discrimination High group Low group Biserial Point
Answers difficulty  index correlation biserial
correlation
Item 1 63 0.78 0.46 25(0.93) 12 (0.46) 0.57 0.43
Item 2 55 0.68 0.58 25(0.93) 9 (0.35) 0.56 0.40
Item 3 44 0.54 0.47 22 (0.81) 9 (0.35) 0.47 0.28
Item4 42 0.52 0.73 26 (0.96) 6 (0.23) 0.61 0.45
Item5 50 0.62 0.81 26 (0.96) 4 (0.15) 0.67 0.53
Item6 37 0.46 0.47 18 (0.67) 5(0.19) 0.43 0.24
Item7 55 0.68 0.50 24 (0.89) 10 (0.38) 0.47 0.29
Item8 60 0.74 0.58 27 (1.00) 11 (0.42) 0.55 0.40
Item9* 54 0.67 0.28 21 (0.78) 13 (0.50) 0.38 0.19
Item10 54 0.67 0.39 25(0.93) 14 (0.54) 0.35 0.15

In Table 3, it can be seen the discrimination index of Item 9 was below 0.30 and therefore its
discrimination was not in the acceptable range. All items except Item 9 had good or acceptable
discrimination indices. Thus, it can be seen from the analysis that Items 4 and 6 had moderate difficulty
and all other items had low difficulty levels, that is, they should be considered as easy.

Table 4

Item Analyses of B1.2 Test

B1.2 / 3 options MC / reading comprehension

Item Correct Item Discrimination  High Low group Biserial Point biserial
Answers difficulty  index group correlation correlation

Item 1 34 0.42 0.90 23 (0.96) 2 (0.06) 0.69 0.44

Item 2 53 0.65 0.54 22 (0.92) 12 (0.38)  0.57 0.28

Item 3 58 0.72 0.49 23 (0.96) 15(0.47) 0.59 0.33

Item 4 30 0.37 0.72 18 (0.75) 1(0.03) 0.64 0.36

Item 5 47 0.58 0.56 21 (0.88) 10(0.31) 0.51 0.19

In Table 4, it is seen the discrimination indices for all items in the test were valid. In terms of difficulty
level, it was determined Item 4 was difficult, [tem 1 was moderate (close to difficult), ltem 5 was
moderate, and Items 2 and 3 were easy.

5.1.2. Item analyses of B2 level tests
Table 5
Item Analyses of B2.1 Test

B2.1 / 3 options MC /choosing the correct fill-in-the-blank answer

[tem Correct [tem Discrimination = High Low Biserial Point  biserial
Answers difficulty index group group correlation  correlation
Item 1 65 0.76 0.32 30 (0.88) 14 (0.56) 0.36 0.15
Item 2 66 0.77 0.41 33(0.97) 14 (0.56) 0.38 0.18
Item 3 65 0.76 0.42 32(0.94) 13 (0.52) 047 0.27
Item 4 39 0.45 0.59 27(0.79)  5(0.20) 0.52 0.31
Item 5 72 0.84 0.34 32 (0.94) 15(0.60) 0.48 0.32
Item 6 58 0.67 0.61 29(0.85) 6(0.24) 0.58 0.38
Item 7 38 0.44 0.43 20(0.59) 4(0.16) 0.39 0.15
Item 8 41 0.48 0.47 24 (0.71) 6(0.24) 0.40 0.17
Item 9 68 0.79 0.46 32(0.94) 12 (0.48) 0.47 0.29
Item 10 51 0.59 0.47 27(0.79) 8(0.32) 0.38 0.14

The discrimination indices for all items in Test 1 at the B2 level were above the acceptability value. In
terms of difficulty level, Items 1, 2, 3, 5, 6, 9, and 10 were easy, while Items 4, 7, and 8 were of moderate
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difficulty. Although there were no items considered difficult within the test, [tem 6 had a discrimination
index of 0.61, and Item 4 had a discrimination index of 0.59 which stood out in terms of low group and
high group correct answer rates.

Table 6
Item Analyses of B2.2 Test

B2.2 / 3 options MC / reading comprehension

Item Correct Item Discrimination = High Low Biserial Point biserial
Answers difficulty index group group correlation correlation

Item 1 37 0.66 0.59 20 (1.00) 11(0.41) 0.63 0.38

Item 2 23 0.41 0.74 17 (0.85) 3(0.11) 0.69 0.45

Item 3 31 0.55 0.73 19 (0.95) 6 (0.22) 0.66 0.41

Item 4 29 0.52 0.55 17 (0.85) 8(0.30) 0.55 0.26

Item 5 34 0.61 0.43 16 (0.80) 10(0.37) 0.52 0.23

All test items in Table 6 had acceptable discrimination indices. Although the difficulty level of Item 2
was considered in the intermediate group, it could be accepted as difficult due to its high discrimination
index. Item 3 could be evaluated similarly and accepted as difficult. On the other hand, Item 4, which had
a difficulty level of 0.52, was considered to be of moderate difficulty due to its discrimination index being
0.55.

5.1.3. Item analyses of C1 level tests
Table 7
Item Analyses of C1 Test

C1 / 3 options MC / choosing the correct fill-in-the-blank answer

Item Correct Item Discrimination High Low group Biserial Point
Answers difficulty  index group correlation biserial
correlation
Item 1 56 0.95 0.12 28(1.00) 15 (0.88) 0.42 0.29
Item 2 51 0.86 0.47 28(1.00) 9 (0.53) 0.62 0.46
Item 3 53 0.90 0.24 28(1.00) 13 (0.76) 0.36 0.17
Item 4 47 0.80 0.59 28 (1.00) 7 (0.41) 0.57 0.35
Item 5 50 0.85 0.41 28 (1.00) 10 (0.59) 0.59 0.40
Item 6* 58 0.98 0.00 28 (1.00) 17 (1.00) -0.02 -0.10
Item 7 54 0.92 0.29 28(1.00) 12 (0.71) 0.48 0.32
Item 8 51 0.86 0.47 28(1.00) 9 (0.53) 0.69 0.54
Item 9 49 0.83 0.35 28(1.00) 11 (0.65) 0.38 0.15
Item 10 51 0.86 0.35 28 (1.00) 11 (0.65) 0.53 0.34

In Table 7, it can be seen the difficulty level of all items at the C1 level were easy. Also, it was recognized
the discrimination indices of Items 1, 3, and 7 were outside the acceptable level as well as I[tem 6 had no
discrimination. In fact, it can be seen the item worked in reverse when the biserial correlation and point
biserial correlation of ltem 6 were examined. However, considering the fact 58 out of 59 candidates who
participated in the test answered the item correctly, the assessment that the item worked in reverse
should not be accepted as valid. As a matter of fact, only one candidate answered the item incorrectly.
Considering the difficulty level of all items in the test was low and the discrimination indices were
generally below the acceptable limit, it was not possible to distinguish between the upper and lower
groups. In short, it can be interpreted the items in this test did not reach the measurement target. As a
matter of fact, the use of a measurement tool in achievement tests, in which all items are easy, does not
serve any measurement purpose. However, since the purpose of this study was to determine instructors’
perception of item difficulty, there was a need to evaluate test items with low discrimination. For this
reason, the C1 test was also included in the study and the instructors' evaluations of test items also
examined.

[tem analyses for B1, B2, and C1 level tests revealed variations in difficulty and discrimination indices.
While the B1 and B2 tests performed within acceptable parameters, with most items being easy but
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displaying appropriate discrimination, the C1 level test showed significant inadequacies. Additionally,
items in the C1 test were largely too easy, and several failed to meet discrimination standards, reflecting
broader issues in language testing practices as identified by Ozdemir and Eke (2023), Sertdemir (2021),
and Simsek (2016). These findings highlighted a need for improvement in item-writing practices,
particularly for higher-level assessments, to ensure accurate measurement of student abilities,
especially in areas requiring higher-order cognitive skills (Aydemir & Ciftci, 2008; Oktay, 2015; Ozcan
& Akgan, 2010).

5.2. Findings related to instructors' perceptions of item difficulty

After the item analyses of the achievement tests analysed within the scope of this study was evaluated
in the light of certain theories, an item difficulty rating questionnaire was prepared for instructors in
the second study stage. In the survey, text and item levels were specified and instructors were asked to

non

determine item difficulty as "low", "moderate”, or "high" for each item. Data were collected through the
"SurveyMonkey" website.

Instructors’ item difficulty perceptions were analysed through the "SurveyMonkey" survey application.
In the analysis, instructors’ evaluations for each item were ranked according to all participating
instructors. To determine agreement of instructors' perceptions with item difficulty levels, the
percentages showing instructors' perceptions of difficulty levels for items in each test along with item
difficulty values obtained from the item difficulty analysis were compared.

5.2.1. Comparison of instructors' perceptions of difficulty and item difficulty values for the
reading test B1.1

Item analysis of the first reading test at the B1 level was conducted regarding the results of 81
candidates. The test consisted of 10 MC items with three options. Candidates were asked to choose the
appropriate answers for the fill-in-the-blanks in a 450-word text. Difficulty values for the items and
instructors' ratings are presented in Table 8.

Table 8

Instructors' Item Difficulty Perception Ratings and Item Difficulty Analyses for B1.1

Rates of instructors' assessment  Item difficulty
of item difficult perception

Item 1 34% Low 0.78
58% Moderate
12% High

Item?2 32% Low 0.68
56% Moderate
12% High

[tem3 22% Low 0.54
48% Moderate
30% High

Item4 30% Low 0.52
46% Moderate
24% High

Item5 12% Low 0.62
62% Moderate
26% High

Item6 26% Low 0.46
50% Moderate
24% High

[tem?7 46% Low 0.68
36% Moderate
18% High

Item8 26% Low 0.74
64% Moderate
10% High
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Table 8(Continued)
Item9 44% Low 0.67
54% Moderate
2% High
Item10 26% Low 0.67
50% Moderate
24% High

5.2.2. Comparison of instructors’ perceptions of difficulty and item difficulty values for reading
test B1.2

[tem analysis for the second reading test at the B1 level was conducted regarding the results of 81
candidates. In this test, there was a text consisting of 489 words and five MC items with three options
for reading comprehension.

Table 9

Instructors' Item Difficulty Perception Rates and Item Difficulty Analyses for B1.2

Rates of instructors’ assessment Item difficulty
of item difficulty perception

[tem 1 48% Low 0.42
36% M%oderate
16% High

Item 2 44% Low 0.65
449% Moderate
12% High

Item 3 62% Low 0.72
26% Moderate
12% High

Item 4 14% Low 0.37
529% Moderate
34% High

Item 5 54% Low 0.58
40% Moderate
6% High

Item 4 in the B1.2 test differed from other items with a difficulty level of 0.37. A majority of instructors
rated Item 4 as the most difficult test item, at Moderate difficulty. Also, a majority of instructors
considered Item 5, which had Moderate difficulty for analysis data, as an easy item.

5.2.3. Comparison of instructors’ perceptions of difficulty and item difficulty values for reading
test B2.1

The first reading test at the B2 level consisted of 10 fill-in-the-blanks in a text consisting of 56 words
and 10 MC items with three options where the appropriate option was marked. Item analysis of the test
was conducted with the data regarding 86 candidates.
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Table 10
Instructors' Item Difficulty Perception Rates and Item Difficulty Analyses for B2.1

Rates of instructors' assessment [tem difficulty
of item difficulty perception

Item 1 36% Low 0.76
549% Moderate
10% High

Item 2 32% Low 0.77
56% Moderate
12% High

Item 3 40% Low 0.76
48% Moderate
12% High

Item 4 16% Low 0.45
48% Moderate
36% High

Item 5 36% Low 0.84
52% Moderate
12% High

Item 6 34% Low 0.67
56% Moderate
10% High

Item 7 10% Low 0.44
649% Moderate
26% High

Item 8 18% Low 0.48
46% Moderate
36% High

Item 9 16% Low 0.79
549% Moderate
30% High

Item 10 32% Low 0.59
50% Moderate
18% High

5.2.4. Comparison of instructors’ perceptions of difficulty and item difficulty values for reading
test B2.2

In the second reading test at the B2 level, data from 56 candidates were used for item analysis. In the
test, there were five MC items with three options for reading comprehension regarding a text of 516
words.

Table 11
Instructors' Item Difficulty Perception Rates and Item Difficulty Analyses for B2.1

Rates of instructors' [tem difficulty
assessment of item difficulty
perception

Item 1 48% Low 0.66
349% Moderate
18% High

Item 2 48% Low 0.41
38% Moderate
14% High

Item 3 34% Low 0.55
52% Moderate
14% High

Item 4 36% Low 0.52
46% Moderate
18% High

Item 5 48% Low 0.61
36% Moderate
16% High
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Although Item 2 in the B2.1 test was the item with the highest difficulty level, it was largely evaluated
as an Easy or Moderate difficulty item by instructors. A similar situation was also observed for Item 5.

5.2.5. Comparison of instructors’ perceptions of difficulty and item difficulty values for reading
test C1

[tem analysis of one C1 level test provided usable data for our study. Item analysis of the second test
shared by the TLTC could not be conducted due to all participants answering the items correctly.
Therefore, item analysis could only be performed on the first test. Thus, data from 59 candidates were
used for item analysis. The test included a reading text of 494 words and 10 MC items with three options
with the instruction to fill in 10 blanks within the text for the right option.

Table 12
Instructors' Item Difficulty Perception Rates and Item Difficulty Analyses for C1

Rates of instructors’ assessment  Item difficulty
of item difficulty perception

Item 1 62% Low 0.95
349% Moderate
4% High

[tem2 64% Low 0.86
30% Moderate
6% High

Item3 26% Low 0.90
56% Moderate
18% High

[tem4 10% Low 0.80
68% Moderate
22% High

Item5 12% Low 0.85
66% Moderate
22% High

[tem6 68% Low 0.98
30% Moderate
2% High

[tem7 32% Low 0.92
549% Moderate
14% High

[tem8 44% Low 0.86
38% Moderate
18% High

[tem9 20% Low 0.83
48% Moderate
32% High

[tem10 36% Low 0.86
56% Moderate
8% High

The most striking data in Table 12 highlights that Item 3, which had a very low difficulty value, was
accepted by 56% of instructors at a moderate level. It was previously reported the discrimination index
of [tem 3 was also outside the acceptable value for item analysis. A similar difference was observed in
Items 4, 5, 7,9, and 10. In Item 8, although the percentages were close, 38% of instructors thought the
item was of moderate difficulty for an item with very low difficulty level, and as a result, should be
considered easy. The rate of instructors who found the difficulty level low was 44%. In short, instructors
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almost equally chose easy and moderate difficulty levels for this item. Additionally, data in the C1 test
clearly showed instructors' item difficulty perceptions were not compatible with the item analyses. In
other tests, this discrepancy was lower than in the C1 test, however, it can still be seen instructors’
perceptions of item difficulty values were mostly inconsistent with the analyses.

Previous research also indicates significant gaps in the assessment and evaluation competencies of
instructors. According to Ustabulut (2021) as well as Erdogdu and Kurt (2012), instructors' ability to
analyse exam results and make evaluations aligned with learning objectives is at a moderate level. On
the other hand, Yildiz and Tepeli (2014) found instructors demonstrate high competency in applying
contemporary assessment and evaluation methods. However, studies by Hatipoglu (2015), Mede and
Atay (2017), and Olmezer-Oztiirk and Aydin (2018) revealed instructors lack sufficient knowledge in
the field of assessment and evaluation. Similar findings are observed in international studies with
Ahmadi and Ketabi (2020), Bahtiar and Purnawarman (2020), Fitriyah et al. (2022), and Latif (2021)
reporting instructors feel inadequate in the area of foreign language assessment literacy. Additionally,
Bghn and Tsagari (2021), Firoozi et al. (2019), Liu and Li (2020), Razavipour and Rezagah (2018), and
Sultana (2019) emphasized instructors lack necessary skills in exam preparation and learner
evaluation.

5.3. Analyses for instructors’ predictions

In the final study stage, agreement analysis was conducted between the instructors' item difficulty
perceptions and item difficulty analyses. By reaching the quantitative results for evaluations made in
both stages with agreement analysis, the rate of difference between instructors' item difficulty
perceptions and item analyses was determined.

Percentages of agreement determined after applying the formula are presented in Table 13.

Table 13
Instructors' Item Difficulty Perception and Item Difficulty Analysis Compatibility
Test Agreement rate Agreement value
B1.1 40% Low
B1.2 40% Low
B2.1 40% Low
B2.2 80% High
C1 40% Low

As can be seen in Table 13, instructors’ item difficulty perceptions in general along with difficulty values
in the item analyses were not consistent. Thus, the percentage agreement for each instructor was
calculated to determine their success rate in terms of predicting the difficulty level of an item. As a result,
the percentage of correctly predicted items for each instructor was calculated.

The percentage of correct predictions by each instructor ranged from 17.5% to 72.5%. Variation in
success rates indicated a significant disparity in instructors’ ability to accurately predict item difficulty.
For example, some instructors were able to match actual difficulty levels of items more accurately than
others. Instructors with success rates above 50% showed relatively high predictive accuracy. Therefore,
these instructors might possess better intuition or experience in accurately judging item difficulty. For
instance, instructors with success rates around 72.5% might be leveraging their extensive experience
and/or specific training in assessment. Whereas instructors with success rates below 30% struggled to
accurately predict item difficulty. This could be due to various factors, such as less experience, lack of
specific training in item difficulty assessment, and/or differing perceptions of what constitutes item
difficulty.

The next step involved development of a confusion matrix to understand the type of errors made by
each instructor. A confusion matrix allows for comprehensive evaluation of how well a model performs
as well as where it might go wrong (Witten et al.,, 2005). In our study, in the context of evaluating
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instructors’ predictions of item difficulty, using a confusion matrix aided in identifying specific patterns
regarding their predictions. The matrix included:

e True Positives (TP): Correctly predicted difficulty levels.
o False Positives (FP): Predicted a higher difficulty level than actual.
o False Negatives (FN): Predicted a lower difficulty level than actual.

For instance, a moderate item predicted as moderate was a true positive. A false positive could be
exemplified by a moderate item predicted as easy. Whereas a moderate item predicted as difficult was
an example of a false negative. Considering Instructor 1 as an example, for easy items, this instructor
correctly identified 18 as easy, but incorrectly classified eight as medium and one as difficult. For
medium items, Instructor 1 correctly predicted five as medium, but mistakenly labelled six as easy and
one as difficult. When it came to difficult items, Instructor 1 correctly identified none, misclassifying one
as easy and none as medium.

Table 14

Confusion matrix sample (for Instructor 1)

Predicted Actual Count Instructor ID
Easy Easy 18 1
Easy Moderate 6 1
Easy Difficult 1 1
Moderate Easy 8 1
Moderate Moderate 5 1
Moderate Difficult 0 1
Difficult Easy 1 1
Difficult Moderate 1 1
Difficult Difficult 0 1

Next, to understand common patterns and types of errors made by all instructors, we aggregated the
confusion matrices for each instructor. The aggregated confusion matrix revealed several key insights.
For easy items, 37.18% were correctly predicted as easy, 48.44% were incorrectly predicted as medium,
and 14.38% incorrectly predicted as difficult. For medium items, 46.90% were correctly predicted as
medium, while 31.54% were incorrectly predicted as easy, and 21.57% incorrectly predicted as difficult.
For difficult items, only 33.33% were correctly predicted as difficult, with 50.98% being incorrectly
predicted as medium, and 15.69% as easy.!

The most frequent misclassification occurred between easy and medium items. For example, instructors
tended to overestimate the difficulty of easy items, predicting them as medium, and underestimating
the difficulty of medium items, predicting them as easy. This indicated a general tendency to perceive
items within a narrower range of difficulty, often defaulting to a medium rating.

Moreover, difficult items were often underestimated, with a significant portion being predicted as
medium and some even as easy. These suggested instructors had a challenging time accurately
identifying items as difficult, likely due to a lack of clear distinguishing characteristics for such items.

1 Success percentages for each instructor are presented in Appendix 1.
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Medium items were somewhat more accurately predicted compared to easy and difficult items, with
46.90% correct predictions. However, there was still notable confusion, especially with predictions
leaning towards easy.

The fact the prediction agreement percentages of instructors were low in general, brought to mind the
question of whether experience, program graduation, education level, and so forth had some positive
effect on item difficulty perception.

Instructors’ predictions of item difficulty were compared to actual difficulty levels to calculate success
rates. Prediction success rates were calculated as the percentage agreement between instructors’
predictions and actual difficulty levels. To understand which demographic variables affected these
success rates, group differences were analysed through independent t-tests and ANOVA (based on the
number of variable categories) for each CEFR level separately (B1, B2, and C1). Descriptive statistics for
instructors’ success rates at different CEFR levels are presented in Table 15.

Table 15

Instructors’ Success Rates at Different CEFR Levels

CEFR Level N Mean Std. Deviation
B1 40 0.512 0.129
B2 40 0.458 0.136
C1 40 0.372 0.147

Assessment training was determined to be the only binary variable with significant group difference in
instructors’ prediction success rate at the B2 level. The t-test results also showed a significant difference
(t(20.94) =-2.682, p = 0.0131), indicating instructors with assessment training had significantly higher
success rates.

To investigate the impact of various demographic variables on instructors’ success rates in predicting
item difficulty at different CEFR levels, a series of ANOVA tests were conducted. The variables examined
included education level, education department, and teaching experience. Multifactorial ANOVA was
also performed to explore possible interactions which effected item difficulty prediction success rates
for instructors, but no significant interaction was found.

Furthermore, ANOVA results for the B1 level indicated none of the demographic variables examined
(i-e., education, department, experience) had a significant effect on instructors’ success rates. The lack
of significant findings suggested these factors did not influence instructors’ ability to predict item
difficulty at the B1 level.

Similarly, for the B2 level, ANOVA results showed no significant effect of demographic variables (i.e.,
education, department, experience) on instructors’ success rates. This indicated these factors did not
significantly impact instructors’ accuracy in predicting item difficulty at the B2 level.

Contrary to expectations, ANOVA analysis for the B1 and B2 levels did not reveal any significant effects
of the demographic variables examined. This suggested factors such as education level, department, and
teaching experience did not substantially influence instructors’ ability to predict item difficulty for lower
and intermediate proficiency levels.

For the C1 level, ANOVA results revealed a significant effect of 'Experience’ on success rates (F(3, 38) =
3.7233, p=0.0193). This suggested teaching experience played a crucial role in predicting the difficulty
of C1 level items. To further explore specific group differences within the 'Experience' variable, post-
hoc comparisons using the Tukey HSD test were performed. The Tukey HSD test results indicated
instructors with more than 10 years of experience had significantly higher success rates compared to
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those with 2-4 years of experience. Considering almost all of the items at the C1 level were classified as
easy according to the item analysis results, it can be concluded this achievement difference was not
important. Because at this point, guessing factors can be considered high. Moreover, the fact there was
no significant effect of experience on prediction success at other levels supported this finding.

Therefore, our study’s findings indicated that demographic factors such as education level, education
department, and teaching experience did not significantly affect instructors' ability to accurately predict
item difficulty at the B1 and B2 CEFR levels, aligning with Tao’s (2014) assertion that formal education,
including undergraduate and postgraduate degrees, may not substantially enhance teachers'
competencies in language assessment. This highlighted the inadequacy of short-term academic courses,
as noted by Sultana (2019) as well as Yan and Fan (2021) in fostering a deep understanding of
assessment. The current study also reinforced Tao’s (2014) argument that teaching experience alone is
insufficient for developing assessment literacy, also supporting Fitriyah, Massitoh, and Widiati (2022)
which called for ongoing and targeted professional development. While this study determined teaching
experience had a significant impact on predicting item difficulty at the C1 level, particularly for those
with over 10 years of experience, the influence of guessing due to the ease of items should be considered.
This was consistent with Levi and Inbar-Lourie (2020) who concluded theoretical knowledge without
practical application may not lead to better performance. Similarly, Olmezer-Oztiirk and Aydin (2018)
found even experienced instructors require structured, experiential learning opportunities to improve
their assessment skills.

5. Conclusion

This study highlighted critical gaps in instructors' ability to predict item difficulty within the context of
teaching Turkish as a foreign language. Despite the availability of research regarding the competencies
of educators, there remained a scarcity of descriptive studies focused on identifying specific deficiencies,
especially in the realm of assessment and evaluation. This study aimed to fill this gap by investigating
the accuracy of instructors’ perceptions of item difficulty along with the implications for validity and
reliability of exams.

Our findings revealed instructors often struggled with correctly assessing item difficulty, which had
serious implications on test validity. This result aligned with previous research by Alderson (1993) and
Bachman (2002), who both observed significant challenges among even experienced educators in
predicting the difficulty levels of test items. These studies further demonstrated instructors, particularly
those with extensive experience in exam preparation, may overestimate their ability to accurately gauge
item difficulty. In fact, more experienced instructors tended to have lower agreement percentages in
their item difficulty predictions. Similarly, Shohamy (1984), observed response format familiarity,
particularly with multiple-choice items, can lead to misjudgements regarding item difficulty. This
suggested experience alone is insufficient for accurate item difficulty assessment without necessary
training and established analytical skills.

Moreover, correct determination of item difficulty is crucial for ensuring items are appropriately
classified according to a learners’ language proficiency level. Inaccuracies in this process can
compromise both exam validity and reliability. For instance, instructors who misclassify difficult items
as "easy" raise questions about their ability to create level-appropriate assessments. This issue is further
supported by Bejar (1983), who demonstrated the use of anchor-based methods and structured training
can significantly enhance accuracy of item difficulty predictions. As a result, these findings underscored
the need for more comprehensive training programs focused on item analysis and test construction.

Furthermore, this study drew attention to the need for improving instructors' understanding of item
characteristics, particularly those which influence difficulty levels. Training focused on recognizing
features of challenging items can help instructors more accurately predict item difficulty, leading to
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improved item classification, and ultimately more valid and reliable assessments. Freedle and Kostin
(1999) emphasized topic familiarity plays a significant role in item difficulty predictions, while Rupp,
Garcia, and Jamieson (2001) highlighted the importance of lexical knowledge. Incorporating these
elements into professional development programs can greatly benefit instructors’ assessment literacy.

Therefore, within the scope of our study, the following suggestions were made:

-Teachers should undergo specialized training aimed at enhancing their proficiency in item
construction, with particular emphasis on developing items that measure higher-order cognitive skills.

-Teacher education programs at universities should incorporate a greater number of courses regarding
assessment and evaluation, supplemented with practical, hands-on learning opportunities.

-Mentorship and support systems should be established, whereby experienced educators provide
guidance and feedback to less experienced teachers, particularly in the context of test item development.

-The process of item construction should be standardized through the implementation of structured
guidelines and templates, and all test items should be subject to pilot testing prior to formal
administration.

-Regular reviews and revisions of test items should be conducted, particularly for items with low
discrimination indices, to ensure assessment reliability and validity.

-Mechanisms for structured feedback should be developed to improve teachers' accuracy in predicting
item difficulty, along with more advanced training focused on item analysis and difficulty estimation.

-In high-stakes examinations, particularly at the C1 level and above, a stronger focus should be placed
on the development of test items which assess advanced cognitive abilities, in alignment with Bloom's
Revised Taxonomy.

-The implementation of mandatory pilot testing and comprehensive data analysis for all assessments
should be enforced to ensure the validity and discriminatory power of test items prior to their final
administration.
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Appendix 1

Instructor ID Success Percentage
1 57.5
2 52.5
3 35
4 22.5
5 32.5
6 50
7 30
8 25
9 42.5
10 40
11 32.5
12 50
13 25
14 52.5
15 35
16 35
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Appendix 1 (Continued)
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

27.5
55
25
37.5
42.5
325
17.5
40
25
55
52.5
52.5
25
30
42.5
72.5
40
47.5
32.5
30
40
37.5
50
50
47.5
57.5
65
42.5
375
35
50
475
175
40
22.5
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journals indexed SSCI, SCI-Expanded, AHCI, and ESCI. A total of 2051 articles meeting the
determined criteria were included in the research. We used the VoSviewer software to
perform the analyses and then interpreted the results. According to the research findings,
the number of works published in the related field has increased significantly. The Journal
of Autism and Developmental Disorders has emerged as the most prolific publisher of
articles on this topic. The United States stands out as the most productive country.
Dawson, G. is the most effective and cited author. The most frequently used word in the
studies examined was autism. It appears that political developments in the field of early
childhood special education may contribute to this increase. In addition, the analysis
revealed that a certain number of leading countries and researchers have made significant
contributions to the field. Influential journals in the field of early childhood special

education studies, it is noted, focus on special education.
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1. Introduction

Early childhood special education research has an essential place in the scientific literature of the 21st
century (Odom & Wolery, 2003). Based on the theoretical foundations of special education and
preschool education, this field draws from numerous disciplines, including psychology, social services,
child development, sociology, pediatrics, and the health sciences. Therefore, although research on early
childhood special education does not have a long history, it has made progress in a short period and
gained a prominent position in the scientific literature regarding quantity and quality (McLean et al,,
2016; Safford et al., 1994). In recent years, we have observed an increased use of early childhood special
education, particularly in policy and scientific research discourses. This shift reflects how many nations
adopted the concept of early childhood special education in their social, health, and education policies
during the 20th century (McLean et al., 2016; McWilliam, 2016).

The period between the ages of 0 and 6 encompasses early childhood, which is crucial to an individual's
development. In addition, the pertinent literature indicates that the age range in early childhood special
education practices spans 0 to 8 years (Bowe, 2007; Dunlap, 2005). Early childhood special education,
on the other hand, refers to all services provided to children with developmental disabilities or
disadvantages at this age and their families. Early childhood intervention focuses on factors influencing
an infant's overall biological, social, and academic abilities. The primary objective of early childhood
intervention is to provide services that mitigate the adverse effects of the situation faced by young
children with special needs who are at risk in terms of development and family stability. In the service
delivery procedure, steps are taken to ascertain the situation, evaluate it, and provide suitable services
(Oser & Cohen, 2003).

While other countries' legislation presents different classifications, early childhood special education is
defined as an umbrella concept that includes early intervention for children aged 0-36 months and
preschool special education services for those aged 36-72 months (Dunst & Espe-Sherwindt, 2016). This
classification appears in direct practices, especially in the United States (Odom & Wolery, 2003). Two
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federal programs were outlined in 2004. Individuals with Disabilities Education Act provides services
and support to individuals with special needs. Part B includes regulations concerning formula grants,
which aid states in delivering a free, adequate public education in the least restrictive environment for
children with impairments aged three to 21. Part C of the Individuals with Disabilities Education Act
covers services for children birth to three years of age (2004). Providers commonly deliver these
services, known as Early Intervention (EI), in homes or childcare settings, focusing on a family-centered
approach (Bruder, 2016). The primary objective of EI services is to equip families with intervention and
development support skills for children with disabilities (McWilliam, 2016). The three-year-old
transition from Part C to Part B services (Individuals with Disabilities Education Act 2004). We
commonly refer to this phase as Early Childhood Special Education (ECSE), and programming shifts
from a family- and home-centered to a child- and school-centered system (Bruder, 2016).

Policymakers have also been affected by the shift in perspective and approach toward individuals with
special needs, particularly during the middle of the 20th century. This has led to the establishment of
crucial legal regulations. Examining the scientific studies reveals that there has been a significant
increase in scientific studies since the enactment of legislation in the relevant field (Odom & Wolery,
2003). When analyzing the historical development of early childhood special education, the political,
economic, and scientific conditions of the period during the developmental stages are highlighted.

Although early childhood special education has an interdisciplinary feature, it also has a dynamic
structure that constantly renews itself (Guralnick, 2005). Due to this, it represents a significant
advancement in scientific writing at the end of the 21st century. Today, both political and scientific
interest in the field is burgeoning. Therefore, it takes more and more time and effort for researchers to
access relevant studies in this field. Determining what kind of progress has been made in the literature
and what scientific trends are can help provide readers and stakeholders with perspective and insight
into the field's developments. Although early childhood special education has an interdisciplinary
feature, it also has a dynamic structure that constantly renews itself (Guralnick, 2005). Due to this, it
represents a significant advancement in scientific writing at the end of the 21st century. Today, both
political and scientific interest in the field is burgeoning. Therefore, it takes more and more time and
effort for researchers to access relevant studies in this field. Evaluating the advancements achieved by
the literature and what scientific trends are can help provide readers and stakeholders with perspective
and insight into the field's developments. From this perspective, it can be said that the current study
will provide a significant competitive advantage to researchers, institutions, and countries by accessing
accurate information promptly. Recently, interest in early childhood special education research has
grown exponentially. As statistical findings have accumulated, academics have analyzed and
summarized the published papers to give researchers, educators, and policymakers an overview of the
field's present status and developments. To date, researchers have mostly explored this topic through
literature reviews and content analysis of scholarly publications. These analyses examine and
characterize the conceptual frameworks, theoretical perspectives, and paradigms underlying early
childhood special education literature. Numerous authors interested in the field have provided
extensive reviews in various ways, such as meta-analysis and systematic review, in studies that
conceptualize early childhood special education areas, discuss their different dimensions, and attempt
to identify effective practices (e.g., Banerjee et al., 2018; Bonuck et al.,, 2011; Giil-Olcay & Diken, 2009;
Onciil, 2014; Sender & Sheehan, 1983; Yildinnm & Akcamete, 2014; Virués-Ortega, 2010). Such
systematic literature reviews, meta-analyses, meta-synthesis studies, and content analysis compilations
have undoubtedly significantly contributed to the field. However, due to the nature of these methods,
studies involving them necessitate substantial investments of time and resources, resulting in a limited
number of publications to be reviewed. In addition, the interpretation of the studied information is
highly subjective, limiting the generalizability of these studies' findings. Bibliometric studies offer an
alternative to systematic literature research and content analysis by increasing the number of studies
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that researchers can examine while reducing the time and effort needed for data processing
(Hernandez-Torrano, 2020). Bibliometric studies employ coded bibliographic data from databases to
map and identify a study topic's current state and evolution by examining publication and citation
trends. In addition, it evaluates efficiency rankings for journals, countries, institutions, and authors, as
well as the detection of similarity and collaboration trends among academics (Andrés, 2009).

Despite the growing interest in early childhood special education research, no study has used
bibliometric methods to summarize the available literature. This study aims to fill this gap by providing
a comprehensive overview of the current state and development of research on special education for
young children over the past 46 years. In this context, the primary objective of this study is to present
the findings of a bibliometric analysis of early childhood special education articles published in the Web
of Science (WoS) database between 1982 and the present (2021, March). The current study aims to
identify trends among active researchers, countries, institutions, and groups by revealing the
bibliometric characteristics and social network structure of early childhood special education studies.
As a result, in this study, we will identify the frequently studied topics, prolific authors, countries,
institutions, and primary reference sources in early childhood special education.

2. Method

Using metadata from the Web of Science (WoS) database, this study aimed to analyze and map early
childhood special education literature over the past 46 years using bibliometric methods. Bibliometric
analysis is a quantitative method for analyzing the informational content of large data sets (White &
McCain, 1998; Zupic & Cater, 2015). Although this analysis method is widely utilized in other fields, it
has only recently begun to be implemented in education (e.g., Hallinger & Kovaevi, 2019; Hernandez-
Torrano, 2020). Moreover, when specifically investigating the field of special education, we find that
studies employing this methodology are scarce.

This study section will describe data sets and data analysis methods. Due to the readership's
unfamiliarity with the bibliometric analysis method, the subheadings provide detailed information on
the creation of data sets, the data analysis process, and the mapping and synthesis of information.

2.1. Creation of the database

In accordance with the study's primary purpose, we conducted a systematic search in the WoS Core
Collection database, which contains high-quality and scientific research in more than 250 scientific,
social, and humanities disciplines. The analysis incorporated the Social Sciences Citation Index (SSCI),
the Arts & Humanities Citation Index (A&HCI), the Emerging Sources Citation Index (ESCI), and the
Science Citation Index- Expanded (SCI-Expanded), which are the four fundamental indexes in the cited
database.

Bibliometric analyses and science mapping are based on the analysis of scientific content extracted from
digital databases like WoS, Scopus, and Google Scholar (Halinger, 2020). In this study, we selected the
WoS database for several essential reasons. First, a well-known fact that WoS is the most published and

authoritative database used in bibliometric analysis (Grosseck, Tiru, & Bran, 2019; Meho & Yang, 2007;
Mongeon & Paul-Hus, 2015). In addition, WoS has multidisciplinary content that presents data related
to early childhood special education in more than 20,000 different disciplines and research areas.
Compared to other databases, WoS data includes citation information for studies published in broader
historical contexts (Liu et al., 2019).

In the systematic review processes for providing data documents, we adhered to the "Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)" (Moher et al, 2009)
recommendations. Figure 1 represents using the PRISMA methodology. In addition, the present study
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followed the steps suggested by Zupic and Cater (2015) for mapping studies. These five stages are
research design, bibliometric data collection, data analysis, data visualization, and interpretation.

Initial research in the WoS database for data collection focused on two main areas. The first of these we
use in the title, and the second in the topic area. We conducted an advanced search to identify targeted
studies in the two areas. Such advanced scanning options in the WoS database allow for criteria
specification and combination creation. In this study, researcher used the keywords "Early Childhood
Special Education," "Early Intervention,” "Young Children," and "Early Childhood Intervention" in the
title area for scanning. They used the keywords "Special Education,” "Inclusion,” "Mental Retardation,"
"Autism," "Disability," and "Down Syndrome" in the topic area. This related dataset obtained was

non non

combined using AND. We specified no date range in the review. Thus, we aimed to reach all the studies
indexed in the WoS database, starting from the oldest article in this field until the search date of March
30, 2021. As a document type, we included only article studies in the search. We did not limit any
research area and included studies in all areas in the data collection process. The inclusion criteria used
in the study are presented in Table 1.

Table 1

Criteria for the Selection of the Publications

Criteria Value
Data Source Web of Science
Search Terms "Early Childhood Special Education” OR "Early

Intervention" OR "Young Children" OR "Early
Childhood Intervention" AND "Special Education”
OR "Inclusion” OR "Mental Reterdation" OR
"Autism" OR "Disability” OR "Down Syndrome"

Country All Country

Document Type Article

Citation Index SSCI, ESCI, A&HCI, SCI-Expanded
Language All Language

Categories All WoS Categories

We reached a total of 2,051 articles that met the above inclusion and exclusion criteria. Figure 1 shows
the flow of the dataset creation process.
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Figure 1

Flow Diagram of Determination and Selection of Publications
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2.2. Data analysis

Science mapping employs descriptive statistics, citations, and social network analysis to comprehend a
study field's evolution, composition, and intellectual makeup (Zupic & Cater, 2015). In this study, we
analyzed descriptive and bibliometric data to offer an overview of the evolution and current status of
scientific research in early childhood special education research from the past to the present.

To reveal the evolution and expansion of the subject, we used descriptive statistics to identify the
distribution of the number of articles and citations by year, as well as the frequency of citations and
publications by the most productive journals, authors, and nations. For this analysis, we conducted the
citation analysis. Citation analysis measures the relative importance or impact of an author, an article,
or a publication by counting the number of times other works have cited that author or publication.
Within the scope of our study topics, we also incorporated the social network analysis method, which is
commonly utilized in bibliometric approaches. We used social network analysis techniques to disclose
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the word network structure, journal co-authorship analysis network structure, source co-authorships
analysis network structure, and author co-authorships analysis network structure in the articles
analyzed for the research topics to illustrate the data. Research in social network analysis is becoming
increasingly valuable to the social sciences, particularly sociology (Otte & Rousseau, 2002). This method
can also explain unknown conditions in the associated area, which is one of the reasons for the increased
interest in network research in numerous fields (Kilduff & Tsai, 2008). Approaches to bibliometric
network analysis employ diverse ways of analysis (e.g., Co-authorship analysis, Co-citation analysis,
Bibliographic coupling, etc.). Citation analysis, Co-author analysis, and co-occurrence were utilized in
the current study to obtain relevant solutions to the research questions.

Co-author analysis examines the social structure of a subject or research topic. In co-authorship analysis,
networks at the level of institutions and countries emerge. Co-author analysis reveals cooperation in the
area (Zupic & Cater, 2015) and displays the intellectual organization of a field (Small, 1973). In the
current study, co-authorship network analyses were undertaken to assess the collaboration between
authors, institutions, and nations in early childhood special education scientific journals.

Finally, we undertook a co-occurrence analysis of terms to highlight the conceptual framework of early
childhood special education. Keyword co-occurrence analysis is a form of content analysis that examines
the conceptual structure of a research field (Collan et al., 1983). Co-occurrence analysis of keywords
provides insight into the most researched subjects and concepts (Zupic & Cater, 2015).

We evaluated the data using version 1.6.7 of VOSViewer. VOSViewer is software for creating and
visualizing bibliometric networks. This software also leverages text mining algorithms to construct and
visually display networks of important phrases extracted from datasets (Van Eck and Waltman 2014).
In three steps, the software generates bibliometric maps using a distance-based method (Van Eck &
Waltman, 2017). First, the software normalizes the disparities across nodes. The second stage produces
a two-dimensional map in which the distance between nodes is proportional to their similarity. In the
third step, VOSViewer clusters tightly linked nodes (Van Eck & Waltman, 2014).

3. Findings

This section presents the findings of bibliometric and network analyses to answer the research
questions. First, the number of articles and citations of early childhood special education studies is
provided. Then, the leading journals in the field and the most cited articles are listed. Third, the authors,
institutions, and countries leading the field are presented. Finally, analyses of author collaboration,
institutions, countries, and the network of conceptual change in the work from the past to the present
are described.

3.1. Publication and citation trends

The number of publications and citations correctly measures the growth and development of a scientific
field. The data set derived from early childhood special education studies reveals that 2051 papers were
published between 1982 and March 2021. The data set derived from early childhood special education
research indicates that 2051 papers were published between 1982 and March 2022. From 1982 to
March 2021, Figure 2 demonstrates the dynamic growth trajectory of scholarly articles in early
childhood special education. In the 39 years after the initial publication in 1982, there has been a
progressive and consistent increase, as seen in Figure 2. The years can be divided into three parts: a
period of emergence (1982-1992), during which the number of publications rose slowly; a period of
development characterized by a remarkable increase (1993-2005); and a period of growth, during
which the number of studies published in the relevant field increases annually (2006-2020). These
periods represent typical phases of a new field of study. 2020 saw the greatest number of publications,
with 181 articles (Eck & Waltman, 2014).
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Figure 2

Number of Publications by Year
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Similarly, the number of citations to research on early childhood special education has increased
annually. All associated articles garnered 54,886 citations in total. While the average number of citations
per article is about 26,5, the average number of citations per year is 1,444.37. Figure 3 depicts the
distribution of citations for relevant publications by year. The number of citations increased somewhat
at precise intervals from 1984, when the first citation was made, through 1996, as depicted in Figure 3.
Since 1996, there has been a notable increase in citations. Since 2006, the quantity of citations has
climbed gradually. The year with the highest number of citations was 2020, with a total of 6512. The
growth in publications and citations indicates congruence.

Figure 3

Number of citations by year
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3.2. Core journal and publications

The reviewed 2051 papers were published in 655 journals. Given the number of journals that publish
articles, it is essential to emphasize that early childhood special education research is generally
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recognized by journals in various fields. Additionally, only 36 of 665 journals have published ten or more
relevant publications. According to this perspective, most early childhood special education studies are
published in journals linked to the topic. Table 2 displays the ten journals that publish the most research
on early childhood special education. Also included in Table 1 are the total number of citations and the
connection strengths. These are the major journals in the field of early childhood special education.

Table 2

Most Highly-Cited Journal on Early Childhood Special Education on WoS Citation Analysis, 1982-2021 (n = 655)

Rank Journal Number of WoS Total Link
Documents Cites Strength

1 “Journal of Autism and Developmental 160 8192 562
Disorders”

2 “Topics in Early Childhood Special Education” 81 1840 218

3 “Infants & Young Children” 74 1251 156

4 “Journal of Early Intervention” 67 1327 199

5 “Autism” 63 1542 238

6 “Research in Autism Spectrum Disorders” 63 1269 191

7 “Research in Developmental Disabilities” 47 1574 145

8 “Journal of Developmental and Physical 28 472 44
Disabilities”

9 “Autism Research” 26 386 67

10 “Journal of Intellectual Disability Research” 23 1077 58

With 160 articles, the “Journal of Autism and Developmental Disorders” has the most amount of early
childhood special education publications. In addition, the same journal has the maximum number of
citations (8192) and link strength (727) relative to the number of publications. “Topics in Early
Childhood Special Education”, with 81 articles, and “Infants & Young Children”, with 74 articles, are the
two journals that rank second and third, respectively, in terms of the number of articles published. The
remaining articles in the collection are dispersed throughout numerous periodicals in diverse fields,
including health, psychology, and sociology.

Table 3 lists influential publications in the early childhood special education discipline based on the
number of citations. This table displays the top ten most cited publications in the data set obtained from
the WoS database. Between 2000 and 2006, nine journals published the ten most influential articles.
The total number of citations to these publications is 4564, representing 8.3% of all citations in the data
set. “The Journal of Child Psychology and Psychiatry” has published two of the most-cited papers.
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Table 3
Most Highly-Cited Early Childhood Special Education Publications on WoS Citation Analysis, 1982-2021.

Rank Title Authors Journal Year Citations
1 “Identifying infants and young children  “Duby et al.” “Pediatrics” 2006 772
with developmental disorders in the
medical home: An algorithm for
developmental surveillance and
screening”
2 “Brain structural abnormalities in young “Sparks et al.” “Neurology” 2002 581
children with autism spectrum disorder”
3 “Changing illness perceptions after “Petrieetal.” “Psychosomatic 2002 540
myocardial infarction: An early Medicine”
intervention randomized controlled trial”
4 “Long-term effects of an early childhood  “Reynolds et “Journal Of the 2001 433
intervention on educational achievement al” American Medical
and juvenile arrest - A 15-year follow-up Association”
of low-income children in public schools”
5 “Joint attention and symbolic play in “Kasarietal.” “Journal of Child 2006 429
young children with autism: a randomized Psychology and
controlled intervention study” Psychiatry”
6 “Sensory  Experiences Questionnaire: “Baraneck et “Journal of Child 2006 404
discriminating sensory features in young al” Psychology and
children with autism, developmental Psychiatry”
delays, and typical development”
7 “Randomized trial of intensive early “Smith etal.” “American Journalon 2000 404
intervention for children with pervasive Mental Retardation”
developmental disorder”
8 “The behavioral phenotype in fragile X:  “Rogeretal.” “Journal of 2001 348
Symptoms of autism in very young Developmental and
children with fragile X syndrome, Behavioral Pediatrics”
idiopathic autism, and other
developmental disorders”
9 “Age and IQ at intake as predictors of  “Harrisand “Journal of Autism 2000 330
placement for young children with autism: = Handleman.” and Developmental
A four- to six-year follow-up” Disorders”
10 “Neural correlates of face and object “Dawsonetal.” “Child Development” 2002 323

recognition in young children with autism
spectrum disorder, developmental delay,
and typical development”

3.3. Leading authors and countries

The data set contains 2051 articles authored by 6917 people from 101 countries and 1973 institutions
worldwide. Table 4 shows the ten authors with the earliest childhood special education publications.
Dawson G. is the leader with 28 publications. All 28 studies have a total of 2,768 citations. Roger S. J.
follows this author with 27 papers and Matson J. L. with 19 articles. Notable is the fact that fifty percent
of the authors are from the same country (USA). Given the list's geographical information, it is evident
that South America, Africa, and Asia are not included. Lastly, as demonstrated in Table 3, the number of
publications and citations do not correspond numerically. Matson J.L. has 430 citations despite having
the most papers, whereas Lord C. gets 933 citations despite having just 14 articles.
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Table 4

Top Most Prolific Authors Ranked by Total Number of Publications

Rank Author Country Number Of Publications Number Of Citations
1 Dawson, G. USA 28 2768
2 Rogers, S.J. USA 27 2444
3 Matson, J.1. USA 19 430
4 Barton, E. USA 15 248
5 Bruder, M. USA 15 457
6 Mcconachie, H. England 15 507
7 Gillberg, C. Sweden 14 345
8 Lord, C. USA 14 930
9 Ingersoll, B. USA 13 692
10 Keen, D. Australia 13 194

2051 documents in which published early childhood special education studies are sourced from a total
of 101 countries worldwide. Table 5 shows the ranking of the top ten countries according to the number
of publications. As well as the most prolific author ranking, the United States is the most productive
country, leading early childhood special education research with 1,281 articles. In the United States,
articles produced for the relevant discipline account for 62.422% of all publications. There has been a
total of 38186 citations for these studies. This represents more than fifty percent of all article citations.
This makes the United States the leader in early childhood special education. Australia, with 200 studies,
and England, with 147 research, come in second and third, respectively, after the United States. The top
four countries in the ranking all speak English. In addition, the table includes OECD members, including

Austria, Canada, Germany, and the Netherlands.

Table 5

Top Countries by Number of Publications in the Dataset

Rank Country Documents Citations
1 USA 1281 38186
2 Australia 200 4.057
3 England 147 5.076
4 Canada 108 2945
5 Sweden 55 1879
6 Netherlands 52 912
7 Italy 44 1266
8 Germany 37 791
9 People SR China 36 340
10 Israel 36 1158
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3.4. Research collaborations between authors, institutions, and countries (Co-authors analysis)

In this section, we utilized co-authorship analysis to discover scientific collaboration networks between
scholars, institutions, and countries in early childhood special education. Figures 4, 5, and 6 depict
author, institution, and country co-authorship networks in early childhood special education.

The nodes shown in the social network analysis reflect the units of analysis (authors, institutions, and
countries). The number of broadcasts corresponds to the size of the nodes. The relationship between
nodes is defined by their distance apart. When the distance between two nodes decreases, a strong link
is deemed to exist. The color of the nodes is used to distinguish across clusters and denotes which cluster
the node belongs to. The thickness of the networks that comprise the connections is indicative of the
relationship's strength (Van Eck & Waltman, 2014).

Figure 4 shows collaborative networks among authors with at least five published works (n=94). This
map revealed a network of five or more researchers who contributed to the advancement of the field.
The map shows a total of 36 clusters. Authors in the red, blue, and green clusters established the most
extensive collaboration network. These clusters of seven scholars each represent an international
research group. Other massive clusters are yellow and purple, each containing six researchers. These
clusters serve as the point of connection for numerous other researchers.

Figure 4

Map of Scientific Collaborations Between Researchers
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Figure 5 maps scientific networks among institutions that have published 15 or more articles in the
dataset (n=42). The map is divided into 6 clusters. Institutional cooperation networks are generally
formed within national borders and geographically close institutions. Clusters in the map's central
horizontal region link institutions in the United States and Canada (red, blue, green). Inter-cluster
connections are also seen high in the mentioned areas. Interestingly, despite its remote location, Tel
Aviv University appears to collaborate with institutions in the United States. Additionally, while several
links arise between institutions within the same cluster, the density of linkages between institutions
from other clusters drops.
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Figure 5

Map of Scientific Collaborations Between Institutions
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Figure 6 shows a map of international cooperation in early childhood special education research. This
map examines research collaborations (n=35) between countries with at least five publications. The
United States represents the largest connecting node in the geographic center. Additionally, it shares
cooperative ties with all other countries/regions, forming a cluster with Greece, South Korea, Turkey,
and Taiwan. Although there are six clusters on the map, it can be said that international collaborations
are generally shaped by geographical and linguistic proximity. For instance, the red cluster has the
greatest number of countries (13) and consists of European nations, including France, Germany, Italy,
Denmark, Belgium, and the Netherlands. Globally, the data indicate that even though there is some
cooperation across different regions of the world, international collaboration networks are still
determined by geographic closeness.

Figure 6

Map of scientific collaborations between countries
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3.5. Topical foci of research on early childhood special education

Figure 7 illustrates the network analysis of the present research that focuses on all article studies in the
early childhood special education field between 1982 and March 2021. This study helps us develop a
conceptual map by identifying the primary topics of interest to scholars in the relevant subject. The size
of the nodes on the map represents the frequency of author keywords within the dataset, while the
thickness of the borders represents the co-occurrence strength of keyword pairs. We included seventy-
nine words with at least ten co-occurrences in the analysis. The analysis resulted in the formation of
seven clusters. Autism is the most widely used keyword, with 390 occurrences. It is followed by "early
intervention" formations numbering 93.

Figure 7

Map of topical foci of research on early childhood special education
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4. Discussion and Conclusion

Publications and citations have increased progressively during the past 39 years, and their exponential
growth over the past 15 years reflects the anticipated growth trajectory of a new field of study. Although
the first study in early childhood special education was published in 1982, the number of studies in the
field has expanded dramatically since 1992. This growth is proportional to the number of articles and
citations. On the other hand, the influence of political developments in the field on scientific literature is
evident. As a matter of fact, the 1990s marked the beginning of the legalization of early childhood special
education (Bricker, Xie, & Bohjanen, 2018). These laws, which began in 1990 and continue to this day,
are considered a turning point in early childhood special education theory and practice.

Another important factor contributing to this dramatic rise in publications and citations is an increase
in journals published related to early childhood special education. Today, many international journals
aim to publish research on early childhood interventions and special education. In addition, easy access
to information and extensive usage of internet databases contribute to the quantitative expansion of the
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discipline. Given this information, it is anticipated that the number of early childhood special education
studies will continue to rise in the years to come.

According to the research data, the most productive journal in the field is the "Journal of Autism and
Developmental Disorders,"” with a number of publications and citations. Although the journal is not
directly focused on early childhood special education, the results of the analysis show that it significantly
impacts the field. Similarly, four journals focusing on autism studies are among the ten most productive
early childhood special education research journals. This shows that early childhood studies have an
essential place in autism research. Indeed, the importance of early intervention is emphasized in autism
research (Koegel et al,, 2014; Zwaigenbaum et al., 2013; Webb & Jones, 2009). We can show this
situation as one of the crucial reasons early childhood comes to the fore in studies on autism. "Topics in
Early Childhood Special Education,” "Infant Young Children," and "Journal of Early Intervention" are
other journals that publish the most in the field of early childhood special education. The fact that these
journals have a framework that directly acquires the field of early childhood special education is
considered an essential effect. Even though early childhood special education is a frequent subject of
study in various disciplines, the top 10 journals with the most significant number of articles in the field
serve a variety of special education subfields.

[tis interesting that there is no correlation between those mentioned above and the ten most prominent
journals and research based on the number of citations related to early childhood special education. A
publication that appeared exclusively in the “Journal of Autism and Developmental Disorders” garnered
330 citations and joined the top ten most-cited papers. Examining the publications reveals that the top
nine articles with the most citations have several authors, whereas only one has two. However, it is
noteworthy that more than half of the publications are in medical journals. Similarly, we may state that
the most cited papers in the early childhood special education field contain information on medical
diagnosis and evaluation. This is an important result of the early childhood special education field's
complex structure and interdisciplinary nature (McCormick & Brennan, 2001). Aboelela et al.,, (2007)
have suggested that multidisciplinary research is a practical approach to solving complex problems,
providing critical answers, and facilitating the application of knowledge in a particular field.

Considering the number of publications and citations, examining the most prolific researchers in the
field of early childhood special education reveals that some authors have made substantial contributions
to the field. Dawson, G., Rogers, S]., and Matson, Jl. It has almost half the total number of publications
among the top ten authors in the field. Similar findings have been found in bibliometric studies
conducted in various disciplines (Cretu & Morandau, 2002). The process of accumulative advantage can
explain variations in publication and productivity distributions across researchers in the same field.
This technique boosts the output of influential scientists while decreasing the productivity of low-
producing scientists due to resource recognition and feedback. Cross-sectional study data demonstrate
that increasing career age increases academic production inequality (Allison & Stewart, 1974; Wang et
al.,, 2006).

Early childhood special education is an international topic of study that has sparked political and
scientific agendas across different eras and regions of the world, driven by the needs and experiences of
local populations (Smith, 2000). Examining the research findings to support this prediction reveals that
different countries contribute to the field in question. In addition, research indicates that the United
States is the most productive nation in producing information and researching this subject. This finding
is bolstered by the fact that seven of the ten most prolific researchers on the subject are American. Three
English-speaking nations follow the United States. These are Australia, the UK, and Canada, respectively.
One important reason for this finding could be that the searched database only contains English sources.
The results show that many Asian and African countries are far behind in productivity. Reasons such as
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language barriers, insufficient financial resources for scientific studies, and limited access to data may
be the reason (Wang et al., 2006).

There is an increasing research interest based on analyzing research collaboration (Kim, 2006). Even if
itis nota directindicator of quality, research collaboration is an essential and valid method for achieving
it. The analysis of co-authorship data in this study revealed the network structure of field collaboration
in relation to nations, institutions, and researchers. Research collaboration is viewed as a sign of quality
research or a way of reaching quality and a tool to stimulate and support research in places with less
developed research infrastructure and capabilities (Katz & Martin, 1997; Kim, 2006).

When we generally examine the findings from this study, some collaborative research networks in early
childhood special education research at the researcher, country, and institution level do not seem well-
established. According to the analyses, researchers typically work alone or in small groups. Examining
international collaboration reveals that the United States is at the center. This circumstance
demonstrates a correlation between the number of publications and citations. Additionally,
geographical and cultural proximity is another factor that influences cooperation (Zitt et al., 2000).

Examining the social network structure for institutional collaboration reveals that the studies are
conducted within national borders. This analysis demonstrates that the networks connecting
geographically close institutions are robust. This implies that researchers collaborate with other
researchers in their home countries on an individual and institutional level. This network structure is
observed in numerous social science disciplines (Mosbah-Natanson & Gingras, 2014).

Keyword analysis gives a conceptual map of research on early childhood special education. Since early
childhood special education is an interdisciplinary field of study, many notions have a complicated,
variable-size network structure. Autism spectrum disorder, in particular, has the most extensive social
network. Additionally, keywords such as parent education, evidence-based practices, developmental
delay, language acquisition, and early intervention are commonly used with research in this field.

In conclusion, the present study mapped the existing literature in the early childhood special education
field over the past 39 years. According to the results obtained from the data, the field has been growing
exponentially, especially in the last ten years. All the same, it is seen that this field is a dynamic scientific
discipline that is constantly developing. Although some geographic locations stand out, early childhood
special education research is a field that draws global attention. Additionally, improved cooperation
between countries, scholars, and institutions in the subject may substantially affect the field's
advancement and application.

5. Limitations

Even though bibliometric studies provide a basic overview of the study subject, they cannot capture all
the field's particulars. We conducted this investigation within the constraints of certain restrictions. The
first constraint is that we limited the search to the WoS database alone. The limitations of the WoS
database may also apply to this research. As a result, future analyses should rely on data from numerous
sources, such as Scopus. Researchers can expand future studies by using a database in Which different
disciplines are scanned, considering the field's interdisciplinary nature. Another limitation is the
inclusion of only article-type publications in the current study. The research excluded books, book
chapters, conference papers, and other documents that have contributed to the field of early childhood
special education. An additional study can be conducted to compile a summary of various scientific
documents. Also, in this research, bibliometric data covers articles published until March 2021.
Therefore, it can be said that it does not fully reflect 2021. In addition, in analyzing bibliometric data,
citation-based indicators also consider the author's or author group's self-citations. The authors’
locations, language, and self-citations can all affect citations. All this makes bibliometric studies
sometimes biased and manipulable. Funding: No funding source is reported for this study.
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Abstract: ChatGPT, an innovative large language model that has impressed worldwide
audiences with its exceptional generative capabilities, is now positioned to significantly
transform the field of education. The purpose of this exploratory study is to investigate
how accurately ChatGPT generates feedback on the content and organization
components of EFL compare and contrast essays and the extent to which the feedback
length provided by ChatGPT differs from that of the human teacher.To address these
questions, a ChatGPT prompt incorporating evaluation criteria for content and
organization components was developed, generating feedback on 10 compare and
contrast student essays using the ChatGPT 3.5 version. The ChatGPT feedback and
teacher feedback were assessed quantitatively and qualitatively according to the
predetermined evaluation criteria. Furthermore, two types of feedback were compared
descriptively and by conducting the Wilcoxon Sign Rank Test. The findings revealed that
ChatGPT produced highly accurate feedback for both content and organization
components, surpassing the teacher in the length of feedback provided. While the
accuracy rate of the generated feedback was high, issues such as holistic assessment of
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the essay, false positives, failure to provide feedback where needed, and discrepancies in

the depth of feedback compared to teacher feedback were identified. The results suggest
that while ChatGPT shows promise in providing educational feedback, teacher-Al
collaboration in giving feedback for EFL compare and contrast essays is important for
delivering feedback that optimally benefits learners.
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1. Introduction

Exploring the etymology of the term feedback is advantageous for establishing a precise
understanding of the concept. The initial definition of feedback entails the process of redirecting a
portion of the output of a machine, system, or process back to its input. This terminology emerged
from discussions in the field of electrical engineering and rocket science during the early 20th century
(Burke & Pieterick, 2010). Steinmetz (1915) exemplified this concept by illustrating that when a cable
is grounded, the current at its end undergoes reversal, flowing back into the cable, thus termed
"feeding back" rather than existing from it (as cited in Merriam-Webster, n.d.). Later, in the field of
education, Kulhavy (1977) defined feedback simply in his work Feedback in Written Instruction as "...
any of the numerous procedures that are used to tell a learner if an instructional response is right or
wrong" (p. 211). Feedback is a very important component in the field of education, more specifically in
English as a Foreign Language (EFL) writing classes with many benefits for second language (L2)
learners (Biber et al,, 2011; Wilson & Czik, 2016). When L2 learners notice a gap between their current
language use (interlanguage) and the target language form upon receiving feedback, they become
more aware of their errors. According to the noticing hypothesis, form-focused corrective feedback
that enables this noticing facilitates L2 learners’ language acquisition processes (Schmidt & Frota,
1986). Other research also shows that L2 feedback that is centered on macrolevel aspects of L2 writing
such as content, coherence, and cohesion helps L2 learners improve their writing performance (Bakla,
2020; Elola & Oskoz, 2016). Therefore, it becomes important to provide L2 learners with instructional
writing feedback not only in the language component of L2 writings but also in such dimensions as
content and organization since writing is a versatile skill and requires dealing with high level concepts
such as ideation and style (Zhai & Ma, 2023).
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Literature shows that L2 teachers experience some challenges related to providing effective writing
feedback (e.g., Dikli & Bleyle, 2014; Fu et al,, 2024). One of the biggest challenges is pertinent to the
significant amount of time and effort required to offer feedback to students, particularly when dealing
with multiple students across various classes (Steiss et al., 2024). Offering individualized feedback and
assistance can be demanding and resource-intensive for teachers, particularly when they lack the time
or resources to attend to each student's needs effectively (Baskara, 2023; Jackson et al., 2022). This
challenge may even discourage some teachers from delivering effective feedback and result in
superficial feedback (Noroozi et al., 2023). These challenges motivate L2 teachers and researchers to
search for alternative ways of giving writing feedback (Huang, 2023). This need resulted in the
development of computer programs designed to offer feedback on writing, known as Automated
Writing Evaluation (AWE) systems, such as Grammarly, Pigai, and similar software (Zainurrahman &
Rojab, 2024). However, recently, new versions of Generative Artificial Intelligence (GenAl), such as
ChatGPT, started to replace and transform AWE systems due to their affordances. Unlike previous
models, ChatGPT does not need to be trained on human datasets specific to a task or genre.
Additionally, ChatGPT’s 3.5 version is currently affordable and readily available for everyone (Steiss et
al.,, 2024).

Recent advancements in Al technology suggest that ChatGPT holds significant potential in writing
pedagogy, offering automated feedback on students' L2 writing and supporting teachers in the
feedback process. Collaborating with ChatGPT while giving feedback on students’ writing can reduce
teachers' workload, help prevent the fatigue that comes from correcting numerous student
assignments and produce more efficient feedback (Barrot, 2023a; Teng, 2024). However, for effective
collaboration between teachers and ChatGPT, it is crucial to first examine key characteristics of
ChatGPT's feedback, with accuracy being one of the most important qualities to assess (Steiss et al.,
2024). Uncovering ChatGPT’s capability to provide accurate feedback can inform teachers of optimal
utilization of ChatGPT in their feedback practices.

Research on the use of ChatGPT as a provider of L2 writing feedback has been related to teacher and
student perceptions about ChatGPT feedback (e.g, Bok & Cho, 2023; Xiao & Zhi, 2023), and
comparison of ChatGPT and teacher feedback in terms of such features as the type of feedback, the
level of supportive tone in the feedback, and the clarity of the directions given in the feedback (e.g,,
Banihashem et al,, 2024; Guo & Wang, 2024; Steiss et al., 2024). However, there is a growing need for
scrutinizing the accuracy of ChatGPT feedback in EFL writing context, as also highlighted in Guo and
Wang’s (2024) study. As GenAl chatbots continue to gain prominence, there arises a need for
additional research to investigate the quality and accuracy of the generated response by these GenAl
chatbots, recognizing the dynamic nature of these evolving technologies (Chaka, 2023). To fill in this
research gap, the present study investigates how accurately ChatGPT generates feedback concerning
the content and organization components of compare and contrast essays written in the context of a
CEFR B1 level EFL Vocabulary and Composition class in an undergraduate Applied English and
Translation program in Tiirkiye. The compare and contrast essay type was selected as the focus of this
study due to its emphasis on critical thinking and organizational skills, which are essential
components of academic writing at tertiary level. Additionally, this essay type is commonly taught in
English for Academic Purposes (EAP) at this level. In order to assess whether ChatGPT, as an
educational technology, provides accurate writing feedback evaluations in the classroom, teacher
feedback was used as a benchmark for comparison which is also a common method adopted in
previous studies (e.g., Mizumoto et al., 2024; Pfau et al., 2023). The rationale behind this comparison is
to view ChatGPT as a feedback tool that can complement and enhance teacher feedback instead of
serving as a substitute for teacher feedback (Guo & Wang, 2024). Content and organization were
chosen as the main feedback focus in the current study - since the accuracy of ChatGPT feedback on
linguistic features of L2 texts has already been evidenced in previous studies (e.g., Mizumoto & Eguchi,
2023; Mizumoto et al., 2024; Pfau et al.,, 2023). It was also noted in earlier studies that even less
technologically advanced AWE systems can deal with surface-level errors related to language easily
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whereas the capability of these technological tools related to giving feedback on content and
organization are still questioned (Guo & Wang, 2024). As the second focus of the study, the length of
teacher and ChatGPT feedback is compared. Earlier research on L2 writing demonstrates that
feedback amount can be a factor that affects learners’ perceptions and uptake of feedback (Thi &
Nikolov, 2021; Zhang & Hyland, 2018). The reason for this comparison, therefore, is to provide the
baseline for future studies which can analyze the effect of feedback length as a variable that can affect
the utilization of ChatGPT feedback by L2 learners (Guo & Wang, 2024).

1.1. Chat generative pre-trained transformer (ChatGPT)

ChatGPT, abbreviated for Chat Generative Pre-Trained Transformer, is an Al-driven conversational
agent created by the American startup OpenAl. ChatGPT offers multifunctional capabilities (OpenAl,
2024a). It taps into a vast knowledge base, drawing from diverse sources to generate human-like text,
serving as a valuable resource for language input and practice. Unlike traditional databases, ChatGPT's
corpus is structured as statistical patterns and associations (Barrot, 2023a). The latest iteration of
ChatGPT, derived from the GPT 3.5 model, demonstrates improved proficiency in comprehending
natural language, enhanced efficiency and accuracy in addressing inquiries, and increased adaptability
(Rudolph et al., 2023; Su et al.,, 2023).

As an Al-driven technology designed to simulate human intelligence, ChatGPT exhibits exceptional
proficiency in a wide range of writing tasks including choosing a topic, establishing the context,
creating an outline, drafting the content, and making revisions, often comparable to the capabilities of
humans (Barrot, 2023a). ChatGPT provides a lot of affordances in the context of EFL. To exemplify, it
can be used for material and assessment generation (Pack & Maloney, 2023), improving writing skills
and motivation (Song & Song, 2023), grammar check (Schmidt-Fajlik, 2023), question generation (U.
Lee et al., 2023), and feedback (Su et al., 2023). Using GenAl can aid in certain situations, such as when
working on early writing drafts or when lacking access to a well-trained educator, given the simplicity
of automatic feedback generation with satisfactory quality using ChatGPT (Steiss et al.,, 2024). Studies
approached feedback from different perspectives, including the comparison of the scoring of ChatGPT
and human-generated feedback (Steiss et al., 2024), comparison of ChatGPT and teacher-generated
feedback (Guo & Wang, 2024), or Al-enabled evaluation (Lee, 2023).

Despite the invaluable affordances, ChatGPT comes with significant limitations. To name a few,
language models like ChatGPT have the capability to produce false or incorrect statements, often
exhibiting low accuracy in various contexts. ChatGPT might also produce fabricated information
instead of producing an "I don’t know" response (Meyer et al., 2023). The complexity and depth of the
responses can be restricted by the lack of sophisticated or iterative prompt engineering in output
generation. In addition, submitting each prompt separately to ChatGPT to prevent the learning from
previous prompts may also limit the breadth of its responses even further (Barrett & Pack, 2023). It is
known that there is a tendency of Al models to hallucinate. When the essay topics primarily focus on
argumentation and critical reflection rather than factual accuracy, these hallucinations are not a
concern. Still, this does not change the fact that Al models may struggle with factual correctness in
some cases (Herbold et al,, 2023). Regarding the limitations with respect to feedback, ChatGPT might
use different evaluation criteria than the teachers, which could lead to feedback that does not fit
teachers’ needs. When ChatGPT does not have adequate background information about the class and
students, this could lead to inappropriate feedback (Guo & Wang, 2024). Furthermore, ChatGPT
provides longer feedback on average, and this may increase the chances of the error rate related to
inaccurate content or knowledge. Occasionally, ChatGPT offers constructive feedback alongside
numerous instances of irrelevant or excessive information. ChatGPT might need iterative prompting to
refine the outputs although it has great capacity to respond. While not as severe as other challenges
previously reported, it can be a struggle for ChatGPT and human evaluators to give feedback for the
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high-scoring essays with respect to crucial features prioritization, yet this can be solved via the
improved prompting (Steiss et al., 2024).

Before the appearance of large language models (LLMs), educators and researchers have been using
several approaches including automated feedback (Barrot, 2023b; Ranalli, 2018), AWE (Link et al,,
2022), automated corrective feedback tools (Shadiev & Feng, 2023), or natural language processing
(NLP) tools (Wang et al., 2020). LLMs have the capacity to analyze grammar, cohesion, and style all at
once, while also offering feedback (Bonner et al., 2023). As an LLM type, ChatGPT is capable of offering
versatile feedback automatically across various genres and contexts as it does not necessitate an
independent training set like other AWE applications (Steiss et al., 2024). Teachers can leverage these
affordances of ChatGPT to generate feedback on student writing (Guo & Wang, 2024). However,
effective writing of prompts is needed to harness the full potential of ChatGPT.

1.2. Prompt engineering

Prompt engineering is becoming an essential aspect of understanding generative Al as it progresses to
become deeply integrated in every aspect of our lives (Bozkurt, 2024). Guidelines and frameworks
were developed to construct effective prompts. Giray (2023) put forward that prompts should
encompass distinct tasks, contextual information crucial for task completion, a defined question to
address, and specifications outlining the format for generating the response. Particularly, Giray (2023)
structured the prompts with the elements “instruction, context, input data, and output indicator” (p.
2630). Spasi¢ and Jankovic (2023) designed their prompts to incorporate the role of the Al model,
which defines the persona it adopts while responding, the instruction that guides the model in
producing the desired outputs, and seed-words that direct the Al's generated output through specific
keywords or phrases. Guo and Wang (2024) suggested including more contextual information, such as
language proficiency of students, into the prompts for more personalized feedback generation. OpenAl
also provided some guidelines for best practices for prompt engineering. They suggested providing
specific, detailed descriptions of the desired context, outcome, length, format, style, and other relevant
aspects (OpenAl, 2024b). Lo (2023, p. 1) provided the CLEAR (“Concise, Logical, Explicit, Adaptive, and
Reflective”) framework as a standard method for creating prompts. Based on that framework, the
prompt should be clear and precise as well as structured and coherent. It should include clear output
specifications, allow flexibility and customization, and be refined and enhanced via continuous
evaluation.

Al can be optimized as a valuable resource for enhancing productivity in delivering quality feedback
when specific prompts are formed clearly and precisely (Carlson et al., 2023). Several studies have
formed unique prompt structures for their needs in EFL contexts (Bonner et al.,, 2023; Carlson et al.,
2023; Guo & Wang, 2024; Huang, 2023; Pack & Maloney, 2023; Schmidt-Fajlik, 2023; Steiss et al,,
2024; Su et al., 2023). We examined these specific prompts that were constructed to provide feedback
for students’ writing. The prompts constructed to provide feedback on writing in these studies cover
various aspects of feedback and assessment for EFL learners' writing. To be more specific, they include
instructions for providing specific, actionable feedback on essays, evaluating paragraphs based on
given criteria, correcting grammar and mechanics in sentences, and providing suggestions for
improvement in writing quality, grammar, spelling, vocabulary, and organization. These prompts
emphasize the importance of providing constructive feedback, using examples, and adhering to
specific criteria or rubrics for evaluation. To sum up, the most common points of these prompts were
the role, context, type of the writing, tone and simple language of the feedback, and evaluation criteria.

1.3. Feedback related studies in EFL essay writing

When scrutinizing studies conducted within the domain of GenAl and feedback in EFL writing, a
multitude of findings regarding the benefits and limitations of Al tools emerge. Guo and Wang’s (2024)
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study focused on assessing how ChatGPT could aid EFL instructors in providing feedback on students'
writing, initially by analyzing ChatGPT's ability to generate feedback for EFL students' argumentative
essays. The findings demonstrated that ChatGPT generated a substantially greater volume of feedback
compared to teachers. Furthermore, whereas teacher feedback primarily concentrated on content and
language-related concerns, ChatGPT allocated its attention more evenly across the three feedback
areas: content, organization, and language. In a similar vein, Wang et al. (2024) compared ChatGPT
and teacher feedback on argumentative essays in terms of feedback accuracy and examined the factors
affecting their evaluation. This study demonstrated that ChatGPT and teacher feedback had unique
affordances and limitations. It was shown that ChatGPT had a considerable accuracy rate,
demonstrating promising capability to give writing feedback. This capability, however, was influenced
by the utilization of discourse markers and arguments’ length. The limitations of ChatGPT were related
to the fact that it limited its feedback to the linguistic form while giving affective feedback. Teacher
feedback, on the other hand, was advantageous in terms of teachers’ available contextual knowledge
about the students’ immediate needs and progress supported by their ability to have empathy with
their students. Another similar study was conducted by Banihashem et al. (2024) who made a
comparison between the quality of the feedback provided by ChatGPT and teachers on argumentative
essays. Their study revealed that while ChatGPT feedback was more focused on giving informative
feedback about how to write an essay, teacher feedback was centered on locating the problems in the
essay. It was also shown that there was not any significant relationship between the essay quality and
feedback quality. Another comparison study was carried out by Steiss et al. (2024) who evaluated the
quality of ChatGPT and teacher feedback in terms of certain criteria such as being criteria-based,
accurate, indicating ways for improvement. In that study, teachers who received comprehensive
training in providing writing feedback were found to be more effective than ChatGPT in delivering
feedback across all areas, except when it came to feedback based on specific established criteria.

Another body of research looked into the effect of Al-assisted language learning on the development of
Chinese EFL learners’ writing skills. These studies demonstrated the efficacy of Al-assisted language
learning on the improvement of L2 learners’ writing (Liu et al,, 2021; Song & Song, 2023; Yan, 2023)
and writing motivation (Song & Song, 2023). Likewise, Su et al.'s (2023) study on ChatGPT's role in
guiding writing suggested that it could assist the learners with developing argumentative writing's
structural, dialogical, and linguistic aspects. It was also shown that ChatGPT had competency to
provide personalized feedback, evaluate content and organization, as well as analyzing language, and
proofreading texts. However, its effectiveness was found to depend on the quality of questions and
criteria provided by users.

Regarding the student perceptions about ChatGPT, Bok and Cho (2023) studied college students'
views on using ChatGPT for revising paragraphs in an academic writing course. Students found
ChatGPT helpful and reliable for feedback, appreciating its instant responses and flexibility. It
effectively corrected errors in vocabulary, grammar, and paragraph structure. However, challenges
included the lack of error descriptions, unclear feedback, inconsistency in responses, worries about
reduced authorship, and doubts about its learning effectiveness. In another study related with student
perspectives, Xiao and Zhi (2023) revealed that while Chinese college-level EFL learners viewed
ChatGPT as a valuable tool for offering them instant feedback and individualized learning experiences,
they were skeptical about the accuracy of the ChatGPT outputs.

The necessity for the current study originates from the increasing focus on how teachers can
collaborate with ChatGPT to enhance the L2 writing feedback process (Guo & Wang, 2024). Working
alongside ChatGPT has the potential to improve the quality and efficiency of feedback provided to
students, supporting teachers in refining their feedback practices and decreasing their heavy workload
(Barrot, 2023a; Teng, 2024). However, for collaboration to work well, it is important to evaluate key
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aspects of ChatGPT feedback, particularly its accuracy (Steiss et al,, 2024) and length of its responses
(Thi & Nikolov, 2021; Zhang & Hyland, 2018). Gaining insight into its capabilities will help teachers
integrate ChatGPT more effectively into their feedback practices. This study is also significant in the
Turkish context where most studies related with the utilization of ChatGPT for providing L2 writing
feedback mostly focused on the teacher and student perceptions (e.g., Punar Ozcelik & Yangin Eksi,
2024; Ustiinbas, 2024), paying little attention to the accuracy of ChatGPT feedback. As essay writing is
a common component of EAP courses across Tiirkiye, this study provides results that may influence
the practical use of ChatGPT-generated feedback in terms of its accuracy and length for the teachers
delivering these courses.

In line with this, the purpose of this study is to evaluate the accuracy of ChatGPT in generating
feedback on content and organization components of EFL compare and contrast essays, and to
compare the length of feedback provided by ChatGPT with that of human teachers in the same points.
Accordingly, the following two research questions (RQs) have been addressed:

RQ1: How accurately does ChatGPT generate feedback on the content and organization of EFL
compare and contrast essays?

RQ2: How does the length of feedback given by ChatGPT and teacher on the content and
organization components of compare and contrast essays differ and is there a significant difference
between the two?

2. Method
2.1. Research design

This study adopted an exploratory research perspective. Effectively exploring a phenomenon requires
adopting two key orientations: flexibility, which involves being adaptable in the search for data, and
openness, which entails being receptive to various sources for obtaining that data. The emphasis in
exploration always lies on inductively generating new concepts and empirical generalizations. During
exploration, both quantitative and qualitative data may be collected. While qualitative data often
dominate in exploratory studies, they are supplemented with descriptive statistics whenever possible
and appropriate (Stebbins, 2001). Our study aims to explore new ground by investigating how
accurately ChatGPT generates feedback on the content and organization components of EFL compare
and contrast essays and the extent to which the length of the feedback provided by ChatGPT and that
of the human teacher differs in EFL context. As this area is not well understood yet, we are using an
exploratory research approach to uncover valuable insights. This study will establish a basis for future
research examining the direct application of ChatGPT in the classroom, potentially incorporating the
student perspective by analyzing the accuracy and length of the feedback generated by ChatGPT in the
specified context. Also, this method allows us to be flexible and open in collecting data, helping us to
develop new ideas and generalizations through exploration.

2.2. Context and sample

The compare and contrast essays used in the current study were collected from a Vocabulary and
Composition course taught by the second author at the department of Foreign Languages and Cultures
at a state university in Tiirkiye. The medium of instruction was English in that department. The writers
of the essays enrolled in the afore-mentioned course were 10 Turkish EFL freshmen with CEFR B1
level in English. The essays were randomly selected from this class with homogenous writing
proficiency, with all students experiencing difficulty in essay writing due to challenges with grammar
and writing skills. According to the short demographic questionnaire that asked about their age,
gender, and participation in preparatory school conducted at the beginning of the semester, seven
were female and three were male while their ages ranged from 19 to 21. Before their studies at the
department, all of these students attended one-year intensive preparatory program where they
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practiced the four language skills, including writing, through 20 hours of weekly instruction and
reached a B1 level, as evidenced by the proficiency exam conducted at the end of the program. At the
preparatory school, they learnt to write different types of texts such as informal e-mails, blog posts
and formal letters of complaint. They also received instruction on how to write an opinion essay. The
three-hour Vocabulary and Composition course, which lasted 14 weeks, had two hours of instruction
allocated for the writing component of the course and included the teaching of different types of
essays, such as cause and effect essay, compare and contrast essay, and argumentative essay
respectively, in its syllabus. The decision to focus on compare and contrast essays in the current study,
rather than on cause and effect essays, which were taught as the first essay type, was made to give
learners additional essay-writing practice. This decision was based on the second author's
observation, who also teaches the course, that students struggled with essay writing. Before writing
the compare and contrast essay, these students received four weeks of instruction and were expected
to write their essays during the final week and submit them to the teacher, which accounted for 20%
of their final grade. The instruction covered content-related topics, such as writing an effective hook
and thesis statement in the introduction paragraph, using examples and explanations as supporting
sentences in similarity and difference paragraphs and organization related topics such as unity,
coherence, cohesion and the use of appropriate linking words for this essay type. In-class activities
included teacher lectures, as well as group and pair work that engaged learners in analyzing sample
essays and completing exercises on connectors, punctuation rules, and grammar topics closely related
to compare and contrast essays. The essays they were required to write had to consist of four
paragraphs, including introduction, similarity, difference and conclusion paragraph. Although this
essay type can include four or five paragraphs, the decision to use four was based on the way it was
taught in class, due to the difficulty students had with essay writing. To prevent struggles associated
with writing essays on unfamiliar subjects and provide them with greater flexibility and comfort, 10
different compare and contrast essay topics were offered in order to allow them to choose one they
felt comfortable with.

2.3. Data collection/generation tools
a) Rubric

The rubric used for providing feedback on compare and contrast essays was developed by integrating
elements from two main sources. Some of the items were derived from the instructional content
related to compare and contrast essays, as outlined by Buitrago and Diaz (2018). Additionally, for
some of the items in the organization section of the rubric, an academic writing book titled “Writing to
communicate: Paragraphs and Essays” which is written by Boardman and Frydenberg (2002) was
consulted. The rubric was made up of sections related with content and organization. Under the
content category, there were 3 content-related questions for the introduction paragraph, 4 questions
for the similarity paragraph, 4 questions for the difference paragraph and 3 questions for the
conclusion paragraph. As for the organization category, there were 5 questions in total which are
pertinent to unity, coherence and cohesion aspects. To promote the validity and reliability of the
rubric, expert opinion was gained from 2 academicians: one having a PhD degree in English Language
Teaching and the other having 15 years of teaching experience in a university context. Both of these
academicians also had more than 10 years of experience in teaching and grading college-level essay
writing. The rubric was piloted with two essays by these academicians, who later provided some
wording suggestions for some items to make them clearer. These suggestions were discussed and
incorporated into the final version of the rubric.

The rubric was utilized to assess the accuracy of the feedback provided by ChatGPT (See Appendix A).
Researchers added an evaluation range to the rubric criteria for this purpose. A three-point evaluation
scale was defined as below:

1: Very poor: The feedback is entirely incorrect/irrelevant.
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2: Average: The feedback is correct but not comprehensive enough.
3: Very good: The feedback is entirely accurate and comprehensive.

Additionally, a comment section was added for noting differences between feedback provided by
ChatGPT and teacher feedback, facilitating the qualitative analysis.

b) Prompt

This part explains how we structured our prompts to get feedback from ChatGPT. As ChatGPT works
based on the given prompts, how a person structures a prompt is strongly linked to the output
ChatGPT creates. First, we tried two zero-shot prompts (“Can you provide feedback on the student's
essay? /Can you provide feedback on the content and organization of the student’s essay?”) to observe
what feedback ChatGPT generates. While these prompts generated a substantial amount of feedback, it
lacked sufficient structure. Then we analyzed the general guidelines suggested for prompt engineering
as well as the various prompts formed in EFL studies on feedback to improve the quality of feedback.
In light of these studies, two distinct prompts were generated for feedback on content and
organization.

Specifically, in order to create the necessary prompt structure, we specified the role (the persona the
Al model adopts when responding) (Bonner et al.,, 2023; Steiss et al.,, 2024; Su et al., 2023), student
level (the proficiency level of the student the Al model is addressing) (Huang, 2023), expectation (the
desired outcome or standard the Al model’s response should meet) (Huang, 2023; Steiss et al., 2024),
tone (the emotional or stylistic approach the Al model uses in its responses) (Steiss et al., 2024), and
criteria (the specific standards or metrics for the Al model’s output) (Carlson et al, 2023; Pack &
Maloney, 2023). We formed few-shot prompts and in the end, specified fine-tuned prompts. For the
fine-tuned prompt, we iteratively prompted ChatGPT to obtain the best refined feedback results based
on the evaluation criteria we provided. Ultimately, this process resulted in fine-tuned prompts tailored
for optimal feedback generation. We refined our last effective prompt to the following:

As an English language instructor, generate feedback based on the comparison-contrast essay
provided in this session. Students' English level is [B1]. Use a friendly and encouraging tone
with simple language. If needed, provide examples of how the student could improve the essay.
Instead of rewriting the paragraph, give specific examples and guidelines on how to revise. Be
clear and specific in your feedback, and try to include as many corrections as possible. While
giving feedback, just focus on [the criteria lists given to you for the introductory, similarity,
difference and conclusion paragraphs.] [the organization criteria list given to you.]

For the complete working prompt, see Appendix B.
2.4. Procedure

To initiate the research process, the essays written previously by students in an essay writing class
taught by the second author of the current study were obtained. Later evaluation criteria for these
essays were developed according to the instructional content covered in that class. Thus, the essays,
evaluation criteria, and prompts served as necessary input required for the feedback to be provided by
ChatGPT. For accuracy check, the second author of the study initially provided her own feedback on
the 10 essays using the identified evaluation criteria while the other two authors ran ChatGPT sessions
for gaining feedback on these essays. The ChatGPT feedback was conducted using April 2024 version
of ChatGPT 3.5. Content feedback and organization feedback prompts were run in separate sessions to
prevent ChatGPT from learning from sessions and generating unwanted pieces of feedback. After the
process of ChatGPT feedback was completed and the feedback was stored in a text document, the
accuracy check of those feedback was done by the second author based on the feedback she gave on
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the same essays before. That is, the researcher compared her own feedback on each item in the rubric
with ChatGPT feedback and gave scores for their accuracy. For reliability purposes, this accuracy
analysis was also done by another expert in English Language Teaching (ELT) who used the same
rubric to give feedback on the student essays. In relation to the second research question, the length of
the ChatGPT feedback was calculated using a word count function.

The time spent generating feedback was also noted to clarify the procedure. Accordingly, the total
duration for teacher feedback was 11 hours and 40 minutes, with an average of 1 hour and 10 minutes
spent on each essay. Producing feedback for 10 essays via ChatGPT took 2 hours and 13 minutes,
averaging 13.3 minutes per essay.

2.5. Data analysis

To answer the first research question, quantitative data obtained from the evaluation rubric was
analyzed descriptively. The frequencies of the "Very poor," "
were reported for each criterion of the content and organization components. Additionally, the mean
(M) and standard deviation (SD) values were reported. Furthermore, the feedback produced by
ChatGPT was compared to teacher feedback qualitatively. Accordingly, comments generated for each
essay were categorized into themes using thematic analysis (Braun & Clarke, 2006) and were further
elucidated with relevant quotations.

Average," and "Very good" categories

Regarding the second research question, the word counts of ChatGPT and teacher feedback given for
content, organization, and total essays were analyzed descriptively. The minimum (min.), maximum
(max.), M, and SD values were reported. To determine if there was a significant difference between the
length of teacher feedback and ChatGPT feedback, the non-parametric Wilcoxon Signed Ranks Test
was conducted using IBM SPSS Statistics Version 23. In this examination, the dependent variable,
feedback length, is at the continuous level, with quantification reliant on word count. The independent
variables comprise two matched pairs, which were total ChatGPT feedback length and total teacher
feedback length; ChatGPT feedback length on content and teacher feedback on content; ChatGPT
feedback length on organization and teacher feedback on organization. Three distinct comparisons
were executed employing a single test. Consequently, a Bonferroni correction was implemented to
mitigate the effects of multiple comparisons, thereby establishing the significance threshold at .016,
which was adjusted from .05 divided by 3.

2.6. Reliability and validity

The criteria list used for generating ChatGPT feedback for the EFL compare and contrast essays,
encompassing content and organization aspects, was developed by the second author who is an expert
in the field of English language teaching with graduate degree in the ELT department and experience
in teaching and researching writing for almost 10 years. The resulting criteria list underwent further
scrutiny by two academicians, each with over 10 years of experience in teaching essay writing at
college level. These academicians piloted the rubric with two compare and contrast essays to validate
its effectiveness. The piloting resulted in revisions in the wording of some items, producing the final
version of the rubric.

The ChatGPT prompt was tested and refined by two experts, both with over 10 years of experience in
the field of Computer Education and Instructional Technology (CEIT), who are also the authors of this
paper. The refinement process was guided by prompt criteria outlined in the literature. The two
essays used during the rubric testing were also employed to check the functionality of the prompt. The
ChatGPT feedback generated for the two essays was reviewed by the second author, further clarifying
the final version of the developed prompt. The ChatGPT feedback was checked as a precaution against
the potential risk of generating inaccurate feedback. For reliability of data analysis, accuracy
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assessment was conducted by 2 researchers. One of them was the second author of the study while the
other assessor was a researcher with a PhD in ELT and taught essay writing at university for over 10
years. To ensure a true understanding of the criteria, the second author provided explanations for each
item and guided the other researcher in assessing the accuracy of a separate essay, which was not one
of the 10 chosen essays. Then, ten pieces of ChatGPT feedback data were independently evaluated by
two EFL experts based on the rubric. The agreement rate of these evaluation sets was computed
individually for each essay. Two essays yielded a consensus of 91%, while two others reached 95.5%.
The consensus of 100% was attained for the remaining six essays. Instances of discordance were
subjected to deliberation by two domain experts in order to reach a consensus. Miles and Huberman
(1994) set an 80% agreement level as an acceptable threshold, and the acquired values fulfill this
criterion of reliability.

2.7. Ethical Procedure

The ethics committee report for this study was obtained from the Zonguldak Biilent Ecevit University
Human Research Ethics Committee with the decision dated 29.05.2014 and numbered 2014/08-13.

3. Findings
3.1. Feedback accuracy

The accuracy of ChatGPT feedback has been evaluated using a three-point scale, taking the teacher
feedback, which serves as a reliable benchmark of expert judgment, as a baseline. Regarding the
findings related to content feedback, it is found that ChatGPT's feedback aligns nearly with three
criteria of the teacher's feedback for the introduction paragraph of the essay. Relatively less alignment
of ChatGPT feedback is found in the feedback provided for the conclusion paragraph. Overall, the mean
values of the assessments are above 2.50, with a calculated total content mean value of 2.63 (SD =.17)
(See Table 1).

Table 1

Feedback Accuracy of ChatGPT Feedback on the Content of the Compare and Contrast Essays

Introduction Similarity Paragraph  Difference Paragraph Conclusion

Feedback Paragraph (IP) (SP) (DP) Paragraph (CP)
Accuracy

Ip1 P2 IP3 SP1 SP2 SP3 SP4 DP1 DP2 DP3 DP4 (P1 (P2 (CP3
Very poor 0 0 0 2 1 1 2 0 1 1 3 2 1 1
Average 0 0 1 1 1 2 3 3 1 1 0 2 4 3
Very good 10 10 9 7 8 7 5 7 8 8 7 6 5 6
Mean 2.97 2.53 2.63 2.43
SD 10 .39 .37 .35

Notel: A total of 10 essays are evaluated for each criterion.
Note 2: M and SD values are reported for each paragraph.

It has been determined that ChatGPT feedback is 100% accurate regarding the criteria of having an
attention-grabbing hook sentence in the essay (IP1) and including background information in the
introductory paragraph (IP2) that describes the context of the topics. However, it has been observed
that in the criteria of restating the thesis (CP1), summarizing the similarities and differences written in
previous paragraphs (CP2), and stating the students' own opinion about the topic in the conclusion
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paragraph (CP3), ChatGPT's feedback is less accurate compared to the feedback given for the other
paragraphs.

According to the findings related to organization feedback, it has been found that ChatGPT's feedback
on the organization of the essay generates mostly accurate feedback in terms of unity, coherence, and
cohesion. Particularly, its feedback on the cohesion of the similarity (03) and difference paragraphs
(04) has been found to be 100% accurate. The lowest accuracy rate was identified in the feedback
generated for the unity criterion (01). In general, the average scores for the accuracy evaluations
exceed 2.50, with a computed total mean score for organization of 2.84 (SD =.22) (See Table 2).

Table 2

Feedback Accuracy of ChatGPT Feedback on the Organization of the Compare and Contrast Essays

Feedback 01 (14 03 04 05
Accuracy Unity Coherence Cohesion of SP  Cohesion of DP Cohesion of CP
Very poor 1 0 0 0 0
Average 3 1 0 0 2

Very good 6 9 10 10 8

Mean 2.50 2.90 3.00 3.00 2.80

SD .70 31 .00 .00 42

Notel: A total of 10 essays were evaluated for each criterion.
Note 2: M and SD values are reported for each criterion.

The unity criterion, for which relatively less accurate feedback is generated, pertains to the relevance
and consistent adherence to the central theme throughout both individual paragraphs and the entire
essay. The coherence of paragraphs discussing similarities (03) and differences (04), evaluated with
ChatGPT's feedback being entirely accurate, is judged based on the standard of employing appropriate
connectors to ensure clear transitions between the sentences.

Overall, according to the qualitative analysis, issues have been identified concerning the feedback
provided by ChatGPT on both content and organization, particularly in relation to unity criterion.
During the feedback generation process, an inclination has been noted for ChatGPT to concentrate on
individual paragraphs, consequently neglecting the central theme of the essay. In essence, it falls short
of providing a comprehensive evaluation of the essay. Regarding the depth of feedback, while in some
instances, ChatGPT offers more informative feedback compared to teacher feedback, in others, it
provides less informative feedback. The issue of non-informativeness was predominantly observed in
the feedback provided for similarity and difference paragraphs. Lastly, it is found that ChatGPT is
incapable of detecting certain errors. Moreover, there have been observations indicating that ChatGPT
erroneously identifies non-existent errors as mistakes, as demonstrated by instances falling under the
false positive theme (See Table 3).
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Table 3

Qualitative Examination of the Accuracy of Feedback Provided by ChatGPT

Theme Code Explanation Quotation
Unity It concerns the matter Teacher feedback: “The similarities are off-topic and do
of relevance and the not express a similarity that job and education shares.
continual Take these similarities out and write new ones, please.”
NA preservation of the ChatGPT feedback: “You've mentioned two similarities,
central theme taking notes and listening to the teacher, but they could be
throughout both presented more clearly. For example, "Both classical
individual paragraphs education and modern learning techniques emphasize the
and the entirety of the importance of active listening and note-taking in the
essay. classroom.”
Feedback rubric criterion: 03
Informativeness It denotes the extent ~ Teacher Feedback: “The essay does not present ideas in
of feedback depth, a well-organized way.”
offering thorough ChatGPT feedback: “Your essay needs
explanations in better coherence to help your reader follow your ideas
instances where a more easily. Within each paragraph, your sentences
student makes an should flow logically from one to the next. For instance, in
error. your "Difference” paragraph, you mention taking notes,
then suddenly jump to discussing the importance of the
study environment. It would be clearer if you introduced
each difference one at a time and provided examples or
explanations for each. This way, your reader can
understand each point before moving on to the next.”
Depth of Feedback rubric criterion: 02
feedback
Non- It pertains to Teacher Feedback: “Use connectors to start the
informativeness feedback that is difference paragraph (eg., Despite similarities), to
superficially given introduce each difference (The first difference is that, the
when a student second difference is that). While describing the differences,
commits an error please use such connectors as “On the contrary, while,
despite, though, whereas”. To provide examples, please use
such connectors as “For example, For instance “and, “thus,
therefore” for explanations.”
ChatGPT feedback: “Your use of connectors to link
sentences and paragraphs is limited, which affects the
overall clarity of your essay.”
Feedback rubric criterion: 04
No feedback It denotes the lackof =~ Teacher feedback: “Your last sentence is not meaningful.
any feedback given Hollywood is not a film. Please, remove it and state your
when it is necessary. own opinion about the topic.”
ChatGPT could not generate any meaningful feedback.
Feedback criterion: CP3
Capability

False positive

It denotes a
circumstance where
feedback mistakenly
suggests the existence
of an error or
characteristic when it
is actually not
present.

ChatGPT feedback: “There is a need to start the
conclusion with a clear transition: "In conclusion, while
high school and university share some similarities, they
also exhibit significant differences..."
Feedback was not provided as
unnecessary by the teacher.
Feedback criterion: 05

it was deemed

Notel: Feedback criteria lists are provided on Appendix A.
Note 2: NA: Not Applicable, O: Organization, CP: Conclusion Paragraph

As presented in Table 3, the qualitative analysis of comments written on the accuracy of ChatGPT
feedback revealed three key themes: unity, feedback depth, and capability. Concerning unity theme, as
quoted, although a student wrote about similarities in her/his essay, ChatGPT did not correctly
identify the relevance of these similarities to the main topic and instead provided feedback suggesting
that the presented similarities were just unclear. In terms of feedback depth, which also affects its
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length, two main themes emerged: informativeness and lack of informativeness. As seen in the
examples presented in the Table 3, while the teacher's feedback notes that the student's ideas were
not well-organized, ChatGPT's feedback explains this in greater detail. On the other hand, in some
instances where the teacher offered a more detailed explanation, ChatGPT provided only a brief
statement in its feedback. Regarding capability theme, we observe that in some instances, although the
teacher provided feedback, ChatGPT did not give any feedback on the same points. On the other hand,
there are cases where the teacher deemed feedback unnecessary, but ChatGPT still provided feedback.

3.2. Feedback length

The length of feedback provided by both ChatGPT and the teacher was compared based on the word
count. The word count of the 10 student essays ranged from a min. of 184 to a max. of 239, with a
mean of 216.00 and a SD of 19.26. Table 4 presents the descriptive statistics of feedback length.

Table 4

Feedback Length
Feedback focus Min. Max. Mean SD
ChatGPT feedback length on content 358 718 499.10 93.06
ChatGPT feedback length on organization 304 617 475.60 88.56
Total ChatGPT feedback length 1223 1548 1398.50 115.87
Teacher feedback on content 199 462 343.00 84.31
Teacher feedback on organization 52 246 146.00 56.28
Total teacher feedback length 406 786 611.60 129.51

Note: The feedback length is determined by the number of words.

Wilcoxon Signed Ranks tests were conducted to compare total ChatGPT feedback length and total
teacher feedback length, ChatGPT feedback length on content and teacher feedback on content, as well
as ChatGPT feedback length on organization and teacher feedback on organization. The tests elicit that
ChatGPT created significantly higher length of feedback in three comparisons (Total ChatGPT-Teacher:
Z =-2.803, p =.005; Content feedback- ChatGPT-Teacher: Z = -2.599, p =.009; Organization feedback-
ChatGPT-Teacher: Z = -2.803, p = .005) at .016 significance level, based on two-tailed tests. Positive
ranks were used for the calculation of Z-values (See Table 5).

Table 5

Wilcoxon Signed Ranks Test Statistics

ChatGPT-Teacher ChatGPT-Teacher ChatGPT-Teacher
(Total) (Content) (Organization)
Z -2.803a -2.5992 -2.8032
Asymp. Sig. (2-tailed) .005 .009 .005

Note: a. Based on positive ranks.
4. Discussion

The first research question addressed how accurately ChatGPT generated feedback on the content and
organization of EFL compare and contrast essays. The findings of the study demonstrated that the
accuracy of ChatGPT feedback on the content and organization components of EFL compare and
contrast essays was considerably high for each paragraph. These findings are in line with those of
earlier studies. In their study, Banihashem et al. (2024) reported not finding any significant inaccuracy
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in the feedback given by ChatGPT on argumentative essays. Likewise, the studies by Wang et al. (2024)
and Steiss et al. (2024) substantiated the accuracy of the feedback provided by ChatGPT for
argumentative texts. In a similar vein, Su et al. (2023) noted that ChatGPT was considerably competent
in giving feedback on the argumentative essays in terms of content and organization aspects.

The feedback provided by ChatGPT on the introduction paragraph was found to be completely
accurate in terms of content. However, the content-wise accuracy of feedback in similarity and
difference paragraphs was lower than that in the introduction paragraph although those paragraphs
still had a high accuracy rate. Additionally, the accuracy of content feedback was relatively lower in the
conclusion paragraph than in the other paragraphs. The findings show that when there is a need for
the linking of some ideas in different paragraphs, ChatGPT can fail to give accurate feedback since it
cannot merge the ideas from different paragraphs effectively and considers the essay as a whole
consisting of related parts. This can be considered as a unity problem, which represents ChatGPT’s
inability to look at the essay holistically. This finding is also evident in the analysis of feedback
accuracy in the organization component, which demonstrates that unity is the feedback aspect having
the least accuracy rate in that component. This problem was also highlighted in Steiss et al.” s (2024)
study which revealed that ChatGPT failed to identify the mistake when a student confused a proper
name for another proper name, which signified that ChatGPT did not understand the text as a problem
related to unity.

As qualitative data show, ChatGPT occasionally fails to detect if the relevance of the ideas is
maintained throughout the essay or not. Other identified distinctions in ChatGPT feedback related to
depth of feedback and capability. These findings suggest that while using ChatGPT feedback, teachers
should check if unity is achieved through maintenance of the main theme within and across the
paragraphs. They also need to examine whether the feedback adequately addresses identified
problems in a student essay, and whether additional feedback from the teacher is necessary.
Furthermore, whether ChatGPT ignores some mistakes or gives wrong feedback although there is no
need for feedback also needs to be checked by teachers. Concerning the capability theme, Guo and
Wang’s (2024) study also showed that ChatGPT could sometimes give irrelevant feedback. Under the
capability theme, the issue related to overlooking necessary feedback was also noted by Wang et al.
(2024) who put forward that teacher feedback gave more focused feedback addressing critical
problems in essays, which can be ignored by ChatGPT. Related to the informativeness theme, the
situations where ChatGPT or teacher gave more in-depth feedback than one another were observed.
The latter situation can be explained by ChatGPT’s lack of contextual information about the students
and their progress as also emphasized in other studies (Guo & Wang, 2024; Wang et al., 2024). The in-
depthness of the ChatGPT feedback can be attributed to its tendency to provide more directive
feedback, unlike teachers, who, as noted in Guo and Wang’s (2024) study, tend to offer more indirect
feedback.

As for the second research question which investigated the difference in the length of feedback
provided by ChatGPT and teacher, it was shown that ChatGPT provided longer feedback than teachers,
which was corroborated by Guo and Wang (2024) and Wang et al. (2024). Considering that ChatGPT
has paramount capacity to provide more voluminous and detailed feedback in just a few seconds in
comparison to teachers who spend a greater amount of time, it can be stated that ChatGPT proves to
be an efficient tool in terms of time and effort required for feedback effort. Therefore, when all the
affordances and limitations of ChatGPT are taken into consideration, it can be argued that
collaboration between teacher and ChatGPT is required for an optimal integration of ChatGPT
feedback in L2 writing classes.

Finally, despite the capacity of LLMs to give feedback by analyzing grammar, cohesion, and style all at
once (Bonner et al,, 2023), its success is very much dependent on the prompt structure. For taking
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advantage of ChatGPT, prompts should be written thoroughly (Carlson et al., 2023). Previous studies
have already provided guidance for writing prompts, yet each situation might come with unique
requirements and characteristics, and therefore, prompts that are tailored to the specific situations at
hand should be ensured. In this way, the above-mentioned issues about the feedback output of
ChatGPT can be eased, and this might help educators maximize the effectiveness, accuracy, quality, and
practicality of feedback generation by creating their own fine-tuned prompts that align closely with
the desired context and criteria.

5. Conclusion

Conclusively, it can be affirmed that ChatGPT delivers exceedingly precise feedback concerning both
content and organizational aspects within EFL compare and contrast essays. It is inferred that
ChatGPT provides feedback closely resembling teacher feedback for the introduction paragraph in
terms of content criteria; nevertheless, it exhibits decreased accuracy in generating feedback for the
conclusion paragraph based on the relevant criteria. This could be because assessing the conclusion
paragraph requires a comprehensive view of the entire essay, including factors like paraphrasing the
thesis statement, summarizing similarities and differences, and ensuring coherence across the
paragraphs. ChatGPT's deficiency in maintaining unity in this aspect may have contributed to the
relatively lower mean score. When providing feedback based on organizational criteria, it is deduced
that ChatGPT performs well in generating feedback on the coherence of similarity and difference
paragraphs. However, it produces less accurate feedback when evaluating the essay for unity and
providing corresponding feedback. Although the error rate is low, upon examining the errors, it is
concluded that ChatGPT excels in paragraph and sentence-level evaluations but encounters difficulties
in evaluating the essay holistically. The comparatively greater length of ChatGPT feedback compared
to teacher feedback highlights its strength over teacher feedback and indicates a potential solution to
the general problem teachers face in providing detailed feedback to all students. The conclusion
reached is that there is a necessity for collaboration between teachers and ChatGPT, rather than
delivering ChatGPT feedback directly to students, at least with this version of ChatGPT. This suggests
that ChatGPT feedback should be reviewed by teachers before being shared with students. This study
shows that the precision of ChatGPT feedback is notably elevated contingent upon the prompt criteria,
thereby offering guidelines outlining the facets of the generated ChatGPT feedback necessitating
scrutiny by educators and researchers.

6. Implications

The results of this study provide a guideline for points to consider before utilizing ChatGPT feedback
in research and classroom applications. Prior to providing ChatGPT feedback to students, it should be
evaluated whether the feedback comprehensively addresses the essay, provides sufficient
explanations, and identifies any areas where feedback is lacking or incorrect. Additionally, the high
accuracy rate of ChatGPT feedback obtained in this study indicates that ChatGPT shows promise in
providing educational feedback. Diversifying feedback evaluation criteria and conducting in-depth
content analysis of generated feedback represent significant areas for research and application. These
efforts are crucial for understanding how LLMs interpret written text, identifying areas of difficulty,
and determining where they might outperform humans.

This study also provides implications for general prompt engineering and prompt engineering for
generating feedback with GenAl tools, especially with ChatGPT. When the text provided to ChatGPT
contains any automatic numbering/bullets, ChatGPT fails to recognize these numbers/bullets. Hence,
it is advisable to avoid using automatic numbering/bullets and to use manual numbering/bullets for
the piece of text intended for ChatGPT. As ChatGPT can pause at times, it is important to compare the
generated feedback with the number of criteria provided to ChatGPT. This ensures that ChatGPT's
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pauses do not lead to incomplete or insufficient feedback. There is always a risk for ChatGPT to
incorporate the exact criteria provided or utilize sample structures from the criteria in its feedback.
For this reason, it is crucial to ensure that the generated feedback does not replicate the exact
structures from the given criteria. When the prompts are entered separately in different sessions, it
generates more detailed feedback. In organization prompts, it is necessary to present the essay as a
whole without any paragraph distinctions so that ChatGPT can evaluate the overall organization of the
essay effectively. Additionally, it is necessary to connect the sections of the essay that refer to each
other. For instance, ChatGPT needs to check the introductory paragraph again to see if the thesis
statement is restated in the conclusion section since thesis statements are initially presented in the
introductory paragraph of the compare and contrast essay.

7. Limitations and Recommendations

In this study, the accuracy and length of ChatGPT feedback were experimentally analyzed by
researchers. Evaluating the effectiveness of ChatGPT feedback from the perspective of students and
examining its direct impact on students' essays are areas that remain underexplored and are
suggested as future research topics. Additionally, technology-related challenges in utilizing ChatGPT
for feedback generation by teachers were not investigated, given the emphasis on research over
practical classroom implementation. Future research could involve comparing the teacher-generated
feedback with that of ChatGPT feedback in terms of efficiency.

Within this research, the feedback length was calculated by considering the total word count of the
content generated by ChatGPT and teachers. In future research, determining feedback idea units and
conducting comparisons based on feedback types could be beneficial in understanding the potential of
ChatGPT feedback. Concerning LLM model, feedback was generated using the GPT-3.5 version.
Comparing the feedback produced by different LLMs could be valuable in understanding the potential
of models in providing educational feedback.

This study produced feedback specifically tailored for compare and contrast type essays. It is
suggested that further research examines the accuracy and effectiveness of Al-generated feedback for
various other essay types within the EFL context. Further studies can also focus on the prompt
structures and provide a comparative analysis of generated feedback by different prompt structures.
Finally, this study sampled 10 student essays. Working with a larger sample could more clearly
elucidate potential issues/strengths in ChatGPT's feedback generation.
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Appendix

Appendix A. Rubric for Assessing Content and Organizational Structure in Compare and
Contrast Essays

Compare and Contrast Essay Content Feedback Criteria List

Assess the
accuracy the
feedback
provided on a
scale of 1-3.

Feedback Criteria 1|2 3
(Introduction paragraph-IP) Comment

IP1-Is there an engaging hook in the introduction paragraph that grabs
the reader's interest?

IP2-Does the introduction paragraph include background information
that contextualizes the topic being discussed?

IP3-Does the introduction paragraph utilize an expression to present
the thesis statement? (e.g., This essay is written in order to .. The
purpose of this essay is to.. This essay aims at ___(ing)... This essay
compares and contrasts... This essay discusses...)

Feedback Criteria 1 2 3 Comment
(Similarity paragraph-SP)

SP1-Does the similarity paragraph begin with a topic sentence?

SP2- Does the similarity paragraph present two similarities about the
selected topics and compare them?

SP3-Does the similarity paragraph incorporate examples and/or
explanations to uphold the two similarities?

SP4-Does the similarity paragraph conclude with a summarizing
sentence including the two similarities?

Feedback Criteria 1 2 3 Comment
(Difference paragraph-DP)

DP1-Is there a topic sentence in the difference paragraph?

DP2-Does the difference paragraph present two differences about the
selected topics and contrast them?

DP3-Does the difference paragraph incorporate examples and/or
explanations to uphold the two differences?

DP4-Does the difference paragraph conclude with a summarizing
sentence including the two differences?

Feedback Criteria 1|2 3 | Comment
(Conclusion paragraph-CP)
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CP1-Does the conclusion paragraph provide a restatement of the thesis
statement?

CP2-Does the conclusion paragraph provide a summary of the
similarities and differences discussed in the similarity and difference
paragraphs?

CP3-Does the conclusion paragraph express the student’s personal
viewpoint on the topic?

Compare and Contrast Essay Organization Feedback Criteria List

Feedback Criteria (O: Organization)
(O1: Unity; 02: Coherence; 03, 04, 0O5: Cohesion)

Comment

01-How well does the essay maintain unity?

Unity: This pertains to the issue of relevance and the consistent
maintenance of the central theme within both individual paragraphs and
the entirety of the essay. Unity within a paragraph is achieved when the
supporting sentences enhance comprehension of the main point
introduced at the paragraph's outset.

02-How well does the essay maintain coherence?

Coherence: This pertains to the logical progression and linking of ideas
within a sentence, the connection between sentences (the transitions
between them) within a paragraph, and the continuity across
paragraphs.

03: Does the similarity paragraph incorporate connectors to begin the
similarity paragraph, present each similarity, offer
examples/explanations and provide a concluding statement? (To begin
with, the first similarity is.., for example, for instance, the second
similarity is that..., also, as well as, as, both, most important, likewise/like,
in the same manner /way, same/similar/similarly, the same as, too, in
brief)

04: Does the difference paragraph incorporate connectors to begin the
difference paragraph, present each difference, contrast each topic, offer
examples/explanations and provide a concluding statement? (The first
difference is that..., on the contrary, while, despite, though, whereas, for
example, for instance, thus, therefore, in brief)

05: Does the conclusion paragraph incorporate connectors to begin
the paragraph, mention similarities, differences and state the student’s
personal opinion on the topic? (In conclusion, as a result, to conclude, to
sum up, both, in addition, on the contrary, as far as I am concerned, to my
view, it is my impression that, from my point of view)

Appendix B. Prompts

Content prompt

As an English language instructor, generate feedback based on the comparison-contrast essay
provided in this session. Students' English level is B1. Use a friendly and encouraging tone with simple
language. If needed, provide examples of how the student could improve the essay. Instead of
rewriting the paragraph, give specific examples and guidelines on how to revise. Be clear and specific
in your feedback, and try to include as many corrections as possible. While giving feedback, just focus
on the criteria lists given to you for the introductory, similarity, difference and conclusion paragraphs.
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Introductory paragraph: “paste here”

Similarity paragraph: “paste here”

Difference paragraph: “paste here”

Conclusion paragraph: “paste here”
Introductory paragraph criteria list: “paste here”
Similarity paragraph criteria list: “paste here”
Difference paragraph criteria list: “paste here”
Conclusion paragraph criteria list: “paste here”

Organization prompt

As an English language instructor, generate feedback based on the comparison-contrast essay
provided in this session. Students' English level is B1. Use a friendly and encouraging tone with simple
language. If needed, provide examples of how the student could improve the essay. Instead of
rewriting the paragraph, give specific examples and guidelines on how to revise. Be clear and specific
in your feedback, and try to include as many corrections as possible. While giving feedback, just focus
on the organization criteria list given to you.

Organization criteria list: “paste here”

Essay: “paste here”

Note: The criteria list can be found in Appendix A. The complete research data and prompts are
available upon request from the corresponding author.
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Abstract: The advancement of artificial intelligence (AI) has been significantly driven by
developments in machine learning and neural networks. As Al becomes increasingly
pervasive, its applications are diversifying, with notable penetration in sectors such as
health, education, social media, robotics, and entertainment. One area in which Al is being
deployed is science education. The objective of this study is to examine the research that

incorporates Al within the field of science education. By analyzing trends in the reviewed
studies, this research identifies the countries, institutions, journals and scholars that are
the most prominent contributors to this field of enquiry. The findings suggest that the
incorporation of artificial intelligence into science education is still in its infancy, with a
paucity of widespread implementation. However, there is a discernible increase in the
quantity of published works, with an emerging emphasis on the assessment of learning
outcomes and the enhancement of academic performance. The findings indicate that the
United States is the leading country in terms of publications related to Al in science
education, accounting for 38% of the total contributions. Additionally, Tiirkiye has
emerged as a notable contributor in this field, demonstrating a growing presence. The
Journal of Science Education and Technology was identified as the preeminent journal
publishing research on Al Furthermore, the findings revealed that GPT was the most
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1. Introduction

The development of artificial intelligence (Al), accompanied by the advent of technologies such as neural
networks and machine learning (Wang, 2019), represents a significant advance in computing. In
contrast, conventional Al is typically designed to address a specific set of challenges by reacting to
distinct inputs and relying on existing datasets (Cheung et al,, 2024; Page et al., 2018; Schlegel & Uenal,
2021), Conversely, generative artificial intelligence (GenAl) is engineered to produce novel content or
data by recognizing patterns gleaned from training data (Dwivedi et al., 2023). While traditional Al is
typically focused on analysis and forecasting, GenAl has the potential to generate novel content, thereby
opening up new avenues for creativity and innovation (Abbott & Rothman, 2022). This shift indicates a
transition towards an educational framework and societal landscape where Al technology increasingly
aids individuals in addressing their challenges (Cooper et al., 2024). GenAl represents a valuable tool
for fostering creativity, personalized learning, and inventive pedagogical approaches (Cheung et al,,
2024; Perera & Lankathilake, 2023; Garcia-Pefialvo et al., 2023). Through autonomous content creation,
GenAl can furnish tailored learning resources, formulate practical exercises, and devise realistic
scenarios or simulations for hands-on learning experiences (Mello et al., 2023). The advancement of this
technology signals the advent of a new era of innovation, which will redefine the concept of intelligence
by embracing the dynamic integration of human ingenuity and machine capabilities (Cooper & Tang,
2024).

In addition to the potential advantages offered by these technologies, there are also significant
disadvantages and ethical concerns that must be considered (Mumtaz et al., 2024). Learning Analytics
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platforms have the capacity to provide detailed insights into student engagement, performance trends
and learning processes. Nevertheless, the Council of Europe (2022) has identified a number of critical
ethical issues pertaining to the potential impact of these technologies on the representation of students
and teachers. In this context, existing research indicates that interactions with automated artificial
systems may result in a reduction in the sense of control experienced by human operators (Berberian
etal, 2012; Yusufetal.,, 2024). Such a dependency may have a negative impact on human interaction, as
it could lead to a decline in the quality of decision-making processes. Additionally, the gathering of
personal and confidential data, such as mood analysis, gives rise to substantial ethical concerns,
including the monitoring of activities pertaining to political views, ethnic identity, and sexual orientation
(Tundrea, 2020). It is therefore of paramount importance to safeguard the privacy of individuals and
guarantee the security of data during the utilization of such technologies. The effective utilization of
educational technologies will be contingent upon a comprehensive consideration of their potential
benefits, in addition to a rigorous addressing of the aforementioned ethical concerns. Furthermore,
there is a substantial concern that the advent of new technologies may exacerbate existing inequalities
in education, potentially exposing learners to biases and cultural barriers (Malik et al., 2024; Miao et al,,
2021). This situation has the potential to negatively impact both the learning process and assessment
strategies. For example, while pedagogical agents are designed to enhance educational experiences by
emulating human interactions and cultivating positive emotions, they also give rise to concerns
pertaining to emotional privacy and the character of virtual relationships (Hudlicka, 2016; Vuckovi¢ &
Sikimi¢, 2024). Consequently, ethical issues may emerge from competing interests that extend beyond
individual users to their families. Discussions surrounding these matters frequently reflect the diverse
viewpoints of various stakeholders, whose perspectives differ based on their associations with private
companies, government bodies, research institutions, universities, or educational organizations
(Popenici & Kerr, 2017). Kowalczuk-Waledziak et al. (2019) posit that the extant framework for teacher
education is in need of reassessment, particularly at the nexus of ethical concerns and pedagogical
practices. A participatory approach that actively involves educators could facilitate significant
advancements in pedagogy (Chichekian & Benteux, 2022). Furthermore, a systematic review of the
literature addressing the ethical dimensions of Al applications has revealed a notable lack of focus on
ethical considerations, even in the context of the launch of various educational initiatives in schools
(Mouta et al,, 2023). Notwithstanding the existing challenges, a number of recent initiatives have been
launched with the objective of addressing these pressing concerns and needs (Malik et al., 2024). Among
these is the UNESCO Al Competence Framework for Educators, scheduled for introduction in 2024. The
framework comprises a three-phase progression plan, which is designed to foster a human-centered
approach, address ethical considerations related to Al, facilitate comprehension of the fundamental
principles and applications of Al, integrate it into pedagogical practices, and utilize it for ongoing
professional development (UNESCO, 2023). To illustrate, the AI4T initiative, which seeks to improve the
training of educators and school administrators in the field of artificial intelligence, has been developed
in a collaborative manner by France, Slovenia, Italy, Ireland, and Luxembourg. The ethical implications
of Al in educational contexts have been identified as a key priority within the shared learning objectives
established for professional development pathways across these nations. In this context, it is imperative
that ethical challenges are effectively addressed in order to create a more inclusive and equitable
educational landscape (Mouta et al.,, 2024).

A review of the last decade reveals that artificial intelligence (AI) has become increasingly pervasive and
has exerted a significant influence across a range of domains, including health, education, social media,
robotics, and entertainment (Su & Yang, 2022) Al technologies such as GPT-4 and Google Brain have
been demonstrated to possess capabilities approaching those of humans, encompassing visual
recognition, the ability to write programming code, and the capacity to solve mathematical problems
(Cheung et al., 2024). Consequently, as Al has gained a significant presence in society, researchers have
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emphasized the importance of improving students' Al literacy (Druga et al., 2019; Ng et al,, 2022). Some
scientists define Al literacy as comprising cognitive skills and emotional attitudes (Ng etal., 2021). These
skills include the ability to comprehend, utilize, and assess Al, as well as to address ethical concerns.
While these components align with cognitive skill levels in Bloom's taxonomy (Bloom et al., 1956), they
also relate to values associated with Al technologies. However, these mental functions and emotional
feelings regarding Al technologies conflict with epistemic considerations and call into question the
accuracy of the information produced by the technology. Indeed, the majority of studies concentrate on
knowledge and skills (Li & Ironsi, 2024). It would be beneficial to investigate which other variables are
examined in the use of Al in the field of SE in order to provide guidance for future studies in this area
and highlight potential gaps in the existing literature (Almasri, 2024). It is therefore important to
determine the purposes of using Al in SE, the most examined variables, the authors and journals with
high impact value, and other trends on this issue in the studies to be conducted. Furthermore, it is
essential to investigate the potential effects of using Al in the field of SE in order to gain insight into the
current status of Al in SE. Furthermore, the existing literature on the integration of Al in SE can provide
insights into the effectiveness of this integration, which can in turn inform curriculum planning and
teaching processes in science education (Riera-Negre et al., 2024). Consequently, this research can serve
as a pioneering investigation into the present state of Al in SE, offering insights to inform the work of
researchers, practitioners, and policymakers by identifying emerging trends. A bibliometric analysis on
Al in SE is of particular importance given the rapid development of both fields. A comprehensive and
systematic review of the extant literature is a crucial undertaking, as the growing deployment of Al in
SE has the potential to usher in transformative shifts in the landscape of science pedagogy (Akhmadieva
et al, 2023). The present study employs bibliometric methods to identify areas of prospective
development and innovation, ascertain pivotal research trends, and furnish objective, data-driven
insights into the current state of integration of Al in SE. In conclusion, given the rapidly increasing
volume of publications in the field of SE, bibliometric analysis studies on Al in SE can be stated as an
indispensable method to organize this accumulation, to obtain meaningful results, and to identify the
most important studies that can guide educational practices and policy-making processes. Furthermore,
as Heeg and Avraamidou (2023) have noted, such studies in the literature provide guidance for readers
and researchers alike, illuminating potential avenues for future inquiry and underscoring the value of
continued investigation in this domain. To illustrate the significance of this endeavor, it is essential to
reference the review studies that delineate the evolving trends in research on Al in the field of SE.

When reviewing the existing literature on Al implementation in SE, Cheung et al. (2024) focused on
investigating studies utilizing Al, particularly their treatment of epistemological insight. They noted a
general need for more reference to this concept within the studies surveyed. Meanwhile, Jia et al. (2023)
conducted a study delving into Al within SE, explicitly concentrating on experimental studies from 2013
to 2023. Their inquiry primarily centered on primary and secondary education levels, scrutinizing only
those studies with full texts available. Their findings revealed a prevailing superficial integration of Al
into SE, particularly noticeable at these educational tiers. The superficial integration of artificial
intelligence (AI) has also permeated the domain of educational assessment, where its full potential
remains largely untapped. A significant deficiency in the existing literature is the urgent necessity for
the development of a comprehensive curriculum framework that effectively integrates Al into the
processes of science education assessment. By contrast, Tahiru (2021) examined a wide range of
academic subjects, encompassing disciplines such as language education (Liang et al., 2021) and
catering to diverse target audiences, including students in higher education settings (Ouyang et al.,
2022). It is particularly noteworthy that only one systematic review has explicitly focused on the
application of Al within the context of STEM education (Xu & Ouyang, 2022). This paucity of
comprehensive investigation suggests a substantial avenue for further inquiry in this pivotal domain.
Xu and Ouyang (2022) have identified several noteworthy trends in relation to teaching methodologies,
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contextual factors, and the level of educator involvement required to integrate Al within STEM
education. The research conducted by Heeg and Avraamidou (2023) sought to answer three key
questions: which Al application was utilized, which method was favored, and what was the impact of Al
on the outcome. To this end, the researchers analyzed 22 studies. Akhmadieva et al. (2023) conducted
a bibliometric analysis similar to the one presented here, but unlike our study, they limited their
examination to the Scopus database. Moreover, their analysis of studies conducted between 2002 and
2023 diverged from our study in terms of both temporal scope and the specific studies included. The
dissimilarity of the research questions posed by this study and our own study serves to differentiate the
two studies from one another. This study will contribute to the existing body of knowledge in this field
by employing bibliometric analysis. This analytical approach differs from previous studies in terms of
the timeframe, sample selection criteria, methodological approach, and research objectives. The
application of bibliometric analysis enables researchers to gain a comprehensive overview of their
current scholarly position and to identify new avenues for future research. Furthermore, employing
clustering techniques facilitates the identification of emerging publications, notable authors, and
prominent journal groups, thereby offering valuable insights into the current landscape of Al research
within SE. The research aimed to reveal trends in Al in SE by examining studies on Al in SE using
bibliometric analysis. By examining the systematic literature review studies in the literature, it can be
seen that the research in question differs from the above mentioned studies in terms of article inclusion
criteria, time period of the studies examined, sample size, analysis technique, and specific research
questions. Therefore, it can be said that the study will contribute to the literature in accordance with
these characteristics. In conclusion, the present study is distinct from existing literature in this field,
offering novel insights and contributions to the existing body of knowledge. This research aims to
determine the research trends regarding the use of Al in SE by revealing the current situation in the
literature and guiding researchers in their studies. The research questions of the study carried out for
these purposes are as follows:

1. Whatis the yearly trend in Al publications within this area?

2. Whatis the ranking of the leading institutions and countries in research in this field?

3. What are the most frequently addressed topics concerning sustainable development goals?
4. What are the most preferred keywords in this field?

5. What are the terms used extensively in article summaries on Al?

6. Who are the leading authors in this field in the use of Al based on citation and co-citation
analysis?

7. Which journals are the most frequently cited for articles on Al in SE, as determined by citation
and co-citation analyses?

2. Method

The research was conducted to examine the trends of the studies conducted in Web of Science (WoS)
for the use of Al in science education by systematic literature review. The research examined 80 articles
on Al in SE in WoS with bibliometric analysis. The bibliometric technique involves applying quantitative
techniques on research data such as citations publications and, authors (Broadus, 1987, Pritchard,
1969). Clustering techniques are effective in identifying trending relevant journals, publications and
authors thus guiding researchers about the current status of the literature (Van Eck & Waltman, 2017).
Bibliometric analysis is essential for determining trends in the literature on a particular research topic
(Donthu et al., 2021; Falagas et al., 2006; Moral-Mufioz, et al., 2020; szey & Arici, 2024; Song et al,,
2019). Bibliometric analysis is a technique that reveals the output of a specific research topic in a certain
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period with quantitative data (Chen et al., 2019). For this reason, this method was used to obtain
numerical data on research trends in examining studies on Al in SE. The search included studies from
the date of the first publication of the article on Al in SE to the date of this research (Last access date: 23
April 2024).

2.1. Article selection process

The articles to be examined in the study were analyzed using diagrams that explained the inclusion and
exclusion of articles, as is common practice in review studies. The studies were identified using the
PRISMA flow diagram (Moher et al,, 2012), which is used as a publication for systematic reviews and
meta-analyses. Additionally, the diagram utilized by Arici et al. (2019) was employed to identify the
studies to be examined. Figure 1, which illustrates the review process and the stages of determining the
included and excluded studies, is presented below.

Figure 1

Stages of Determining the Articles Included in the Research

T:J&:La;?;ili?,gfgrma;sﬁhﬁ H The k;vwor:”s use: were “artificial
y intelligence” in the topic section
EXPANDED, A&HCI, CPCI-S, CPCI- fmeng ) !

! S and “science learning” or" science
5::&:;5:;;‘:;1:?; ‘;I;tseszs::;s teaching" or "science education"in
other important indexed journals atg:at: c':fi ssﬁ:: fmgtsl::

easily (Akcayir & Akcayir, 2018). .

2.2. Validity and reliability
2.2.1.The reliability of the data set

The data set utilized in the analysis was procured from a reliable and widely accepted academic
database, such as WoS or Scopus. As such databases furnish data from reputable, peer-reviewed sources,
the reliability of our dataset is considerable (Eker et al., 2019; Smith et al.,, 2015).

2.2.2.Validity of the data collection process

The keywords and search strategies were meticulously devised, and terms that are commonly utilized
in literature reviews on the subject were selected. This process ensured the selection of articles that
were pertinent to the research question of the study (Mukherjee et al,, 2022).

2.2.3. Consistency of analysis methods

The methods most commonly employed in bibliometric analysis, including citation analysis and
collaboration network analysis, were applied in accordance with established procedures. These
methods represent established analytical techniques that have been validated in previous studies and
are widely accepted in the literature (Van Eck & Waltman, 2010).
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2.2.4. The reliability of the Results

To guarantee the reliability of the results, the findings were cross-checked with different analytical
methods. For example, citation network analysis and word frequency analysis served to validate the
findings in different dimensions (Zupic & Cater, 2015).

The aforementioned measures ensure that the study adheres to the requisite standards of validity and
reliability. Furthermore, to enhance the representativeness of the data, a comprehensive time span was
selected, spanning from the date of publication of the inaugural article to the date of the study's
implementation (April 23, 2024). This comprehensive approach enhances the contribution of our study
to the existing literature.

3. Findings

3.1. Publication countries/regions

Research data obtained from WoS and showing which countries the researchers examined belong to
revealed that among these countries, the USA is the country with the most publications, 38%. Table 1

shows the publication regions of other studies examined within the scope of the study, which is
presented below.

Table 1

Frequencies of Articles by Country

Frequencies o
Ranking Countries qa f

Articles
1 USA 31
2 Spain 7
3 Germany 6
4 China 5
5 Tirkiye 4
6 Australia 3
7 Brazil 3
8 [taly 3
9 Sweden 3
10 Canada 2

The results obtained in the analysis carried out to determine the widespread use of Al-related research
in the field of SE among countries are presented in Figure 2.
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Figure 2

Examination of Articles on Al by Country in the Field of SE
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3.2. Publication years

When WOS data is examined, it is seen that the first study on the use of Al in the field of Al was published
in 1985. It has been understood that the number of publications is increasing, and the year in which the
most publications were made is 2023. The chart showing the publication range of the studies is
presented in Figure 3.

Figure 3

Density of Studies According to the Years They Were Published
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3.3. Institutions where research is conducted

The results obtained from the analyzes carried out to determine the prevalence of Al-related research
conducted in the field of Al among institutions, institutes and universities are as shown in Figure 4.

Figure 4

Institutions that Publish the Most Articles on Al in the Field of SE
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As illustrated in Figure 4, the University System of Georgia (F=6), the University of Georgia (F=5),
Stanford University (F=4), and Curtin University (F=3) are the four institutions with the highest scores.

3.4. Sustainable development goals

Figure 5 illustrates the distribution of research on utilizing Al in SE across Sustainable development
goals.
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Figure 5

The Sustainable Development Goals are Discussed in Articles on Al in SE,

47
04 Quality Education

2
12 Responsible
Consumption And
Production

1

09 Industry
Innovation

And
Infrastructure

According to Figure 5, it is seen that Quality Education (F=47), Good Health and well-being (F=3),
Responsible Consumption and Production (F=2), and No Poverty (f=1).

3.5. Frequently preferred keywords in articles on the use of Al technology in SE

The terms author keywords and co-occurrence were chosen to determine the most recurring keywords
in studies on the use of Al in the field of SE. Number 3 was chosen as the frequency of repetition of the
keyword, and it was seen that ten keywords matched it. Figure 5 below shows keywords and the
relationships between them.

Figure 6

Common Keywords in Al-related Articles in SE

artificial telligence

computer scighce education
learning progression

machinglearnin
chingearning

science..lcation

-

large language models i )
artlﬁua\‘lllgence

educationalitechnology

chatgpt

547



Sakarya University Journal of Education, 14(3) 2024, 539-562

Based on Figure 6, the analysis delineated two distinct clusters, wherein the term "artificial intelligence"
emerged as the most prevalent (f=27). Additionally, the examination underscores that keywords such
as "SE" (f=18), "computer science education" (f=11), "machine learning” (f=9), "Chatgpt" (f=7), and
"educational technology” (f=3) are among the most frequently employed terms in articles pertaining to
Al within SE. These findings suggest a predominant focus on science education, computer science
education, and machine learning within the articles. A selection of the most commonly occurring
keywords identified in the analysis is shown in Table 2.

Table 2

Frequencies of Commonly Occurring Keywords in Al Related Articles in SE

Ranking Keyword f Overall Connection Capacity
1 Artificial Intelligence 27 20
2 Science Education 18 15
3 Computer Science Education 11 12
4 Machine Learning 9 15
5 ChatGPT 7 8
6 Educational Technology 3 3
7 Large Language Model 3 8
8 Learning Progression 3 2

In the analysis carried out to examine the change in the frequency of preference of keywords over time
in studies using Al in the area of SE, it was seen that ChatGpt and the Large Language Model have been
intensively studied recently. Figure 7 illustrates the progression in the number of articles published on
these topics over time. This distribution provides insight into the growing scientific interest in these
areas, particularly in the context of Al in SE.

Figure 7
Status of the Keywords Used in the Articles Over the Years
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3.6. Repetitive words in research abstracts

In order to determine the frequently repeated words in the abstracts of the studies and thus the
variables subject to the studies, the data set was run in the analysis programme. The programme
investigated the abstracts of the studies by means of the binary counting method and generated the
results. The minimum occurrence threshold for each term was set at 10 and 20 terms were
automatically selected for inclusion. Figure 8 below shows the distribution of this data.

Figure 8

Trends in Frequently Used Words in Research Abstracts
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Three clusters of twenty items are shown in Figure 8. In addition, Table 3 provides overviews of
commonly repeated words in the abstracts of the articles.

Table 3

Frequencies of Certain Words in the Study Summaries

Ranking Words in Abstract f

1 Education 52
2 Study 41
3 Artificial Intelligence 40
4 Learning 29
5 Paper 24
6 Knowledge 23
7 Use 23
8 Approach 23
9 Analysis 21
10 Field 20
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In Table 3, "education" is the most frequently utilized word in abstracts (f=52), suggesting that it is the
dominant concept in articles related to Al in SE. Additionally, the data indicates that "study," "artificial
intelligence," "learning," "paper,” and "knowledge" are among the most prevalent keywords, with
frequencies of f=41, =40, =29, f=24, and =23, respectively (see Table 3).

The distribution of these words over the years shows that the articles focus mainly on evaluation,
approach and, more recently, ChatGPT. Figure 9 shows the distribution by year of the most frequently
used words in the abstracts of the articles.

Figure 9

Distribution of Most Used Words in Abstracts of Researches by Years
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3.7. The most cited authors

Data were analyzed to identify the most cited authors in studies on the use of Al in the field of SE. In
order to be included in the review, it is preferred that an author have at least two articles and at least
two citations. 8 writers who met this condition were selected by the program. The resulting graph is
shown in Figure 10 below.
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Figure 10

Authors With the Largest Number of Citations
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Figure 10 depicts two clusters and five links. Moreover, a summary of the authors included in the
citation analysis is provided in Table 4 below.

Table 4

Summarised Results of the Most Frequently Cited Authors

Ranking Authors Documents Citations
1 Cooper, Grant 3 106

2 Chin, Doris B 2 72

3 Dohmen, Isla M 2 72

4 Schwartz, Daniel L 2 72

5 Zhai, Xiaoming 4 71

6 Nehm, Ross H 3 32

7 Haudek, Kevin C 2 5

8 Kaldaras, Leonora 2 5

Table 4 shows the number of citations for authors within the field, with Cooper Grant (106 citations),
Chin Doris B (72citations), Dohmen, Isla M (72citations) and Schwartz, Daniel L (72citations) as the
most cited authors.

A co-citation analysis was conducted utilizing the cited author method, with the minimum number of
citations attributable to an author set at six. Twenty-three authors were identified as eligible for
inclusion based on the specified criteria. This selection process is illustrated in Figure 11, which depicts
the resulting graph of the analysis.
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Figure 11

Common Citation Frequency of Top Authors
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In Figure 11 there are five clusters and forty items with a total of 592 links. Table 6 below also provides
summaries of the authors for the co-citation study.

Table 5

Summary of Top Citations (Co-Citation Analysis)

Ranking Authors Citations
1 Zhai X M 45
2 Nehm, RH 15
3 Blingsley, B 11
4 Lee,HS 12
5 National Research Council 10
6 Liu, OL 9
7 Gobert, |D 8
8 Cooper, G 8
9 Pellegrino, JW 7
10 Beltorini, R 7

As shown in Table 5, Zhai (45 citations), Nehm (15 citations), Billingsley (11 citations) and Lee (f=12)
are the most frequently citing authors in the area.

3.8. Frequently cited journals

To create a visualization illustrating the highly referenced journals, a citation analysis was performed,
emphasizing the origins of the publications. The minimum requirement for the count of documents
associated with a source was set at 2, while the minimum threshold for citation count was established
at 2. The system automatically determined the inclusion of 9 sources. The resultant visualization is
depicted in Figure 12.
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Figure 12

Citation Analysis of the Journals
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Figure 12 illustrates the presence of three clusters and nine entries across seventeen links. Moreover,
Table 6 below presents a summary of the most frequently cited journals, as determined by a citation
analysis.

Table 6

A Summarization of the Most Frequently Cited Journals

Ranking Journals Documents Citations
1 Journal of Science Education and Technology 6 155

2 Educational Technology & Society 2 80

3 IEEE Transactions on Learning Technologies 6 54

4 Education and Information Technologies 4 51

5 Journal of Research in Science Teaching 4 33

6 Computer Science Education 2 20

7 Frontiers in Education 9 12

8 Science & Education 5 9

9 Asia-Pacific Science Education 2 5

Table 6 illustrates the journals with the greatest number of citations. These include the Journal of
Science Education and Technology (155 citations, 6 documents), Educational Technology & Society (80
citations, 2 documents), IEEE Transactions on Learning Technologies (54 citations, 6 documents), and
Education and Information Technologies (51 citations, 4 documents).

In order to conduct the aforementioned co-citation analysis, a visual representation of the sources most
commonly referenced in conjunction with one another was produced using the cited sources method.
This involved the identification of the sources that were most frequently cited in conjunction with
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others. A minimum citation threshold of 15 was established, resulting in the automatic selection of 24
sources for inclusion. The resulting visualization is depicted in Figure 13.

Figure 13

Summary of Highly Referenced Journals
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Figure 13 illustrates the presence of two clusters and a total of twenty-two items at six thousand one
hundred fifty-two links. Furthermore, Table 8 presents a summary of the journals that have been cited
most frequently (co-citation analysis).

Table 7

Summary of Highly Referenced Journals

Rating Rank Journals Citations
1 Journal of Research in Science Teaching 108
2 Journal of Science Education and Technology 97
3 Science & Education 50
4 Education and Information Technologies 36
5 Computers & Education 35
6 Arxiv 34
7 International Journal of Science Education 33
8 International Journal of Artificial Intelligence in Education 30
9 Science 25
10 Computers in Human Behavior 25
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As demonstrated by Table 7, the four most frequently cited journals in the field are Journal of Research
in Science Teaching (f=108), Journal of Science Education and Technology (f=97), Science & Education
(f=50), and Education and Information Technologies (f=36).

4. Conclusion, Discussion and Recommendations

To ascertain the utilization of Al in SE, a bibliometric research methodology was employed. This entailed
the implementation of a bibliometric mapping analysis, the findings of which revealed valuable insights.
The research yielded several important insights regarding the use of Al in the field of social engineering.
The results of the research indicate that approximately 38% of the relevant studies were conducted in
the USA. The United States of America was followed by Spain, Germany, China, and Tiirkiye. The
frequency of Al-related publications in these countries can be attributed to their endorsement of policies
that facilitate the integration of technology in educational settings. The implementation of various
policies to popularize the use of technology in these countries provides an explanation for this situation
(Esiyok & Demircioglu, 2022). Similarly, Akhmadieva et al. (2023) analyzed studies in the Scopus
database from 2002 to 2023 in the field of science education and revealed a ranking of the top three
countries as the USA, the United Kingdom, and China. It was observed that Spain and the United Kingdom
were assigned disparate rankings in the two studies. This discrepancy can be attributed to the utilization
of disparate databases and varying timeframes. In the study conducted by Almasri (2024), the United
States was ranked second, while Germany and Tiirkiye were ranked third and fourth, respectively. The
following ranking is based on the time period between 2014 and 2023. The present study encompasses
the entire time period under consideration. The results demonstrate that Tiirkiye and Germany have
recently allocated greater resources to the development of Al, whereas the United States has maintained
a consistent trajectory of advancement in this field. The results of the research indicate that the number
of Al-related articles published annually has been increasing continuously since 1985, when the
inaugural study was published. The year 2023 saw the greatest number of publications. The slope of the
graph shows that this increase will continue. It can be predicted that the use of Al in SE will increase,
especially with the emergence of new Al tools and their widespread use (Oh and Lee, 2024). Heeg and
Avraamidou (2023) observed that the frequency of publications increased in conjunction with the
advent of diverse Al applications that facilitated the advancement of research findings. Another result
obtained from the research showed that the leading institutions that distribute research on the use of
Al in SE on an institute and school basis are the University System of Georgia, University of Georgia,
Stanford University, and Curtin University. It can be said that these universities are trending towards
this field by foreseeing the future contributions of Al. As a matter of fact, since the limits of Al cannot be
predicted, its contributions cannot be estimated in terms of reaching a conclusion about the extent to
which it will be reached. It is an undeniable situation that especially higher education institutions tend
to act quickly in terms of focusing on this technology in order to be among the leading institutions in
this field (Cheung et al., 2024). In their 2023 study, Ng and colleagues elucidated this phenomenon by
highlighting the more advantageous resources and infrastructure available at higher education
institutions. The authors asserted that the absence of Al applications in alignment with those of other
educational institutions, coupled with their limited access to Al or certain of its facilities, has positioned
higher education institutions as the vanguard in this domain among all levels of education. It is therefore
anticipated that in the future, more suitable and cost-effective types of Al technology will contribute to
an increase in the use of this technology in SE at different levels of education (Heeg & Avraamidou, 2023;
Ng et al,, 2023).Another result obtained from the research stated that in the issues related to sustainable
development goals, emphasis was placed on Quality Education, Good Health and Well Being,
Responsible Consumption and Production, and No Poverty. This result has shown that Al has gained a
visible level of importance compared to other fields, and that studies focusing on improving the quality
of education are more intense. This situation is valuable in showing the need for quality education. The
quality of education is one of the most important concepts that positively affects many variables (Al
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Husaeni et al,, 2024). Akhmadieva et al. (2023) asserted that this situation differs significantly between
eastern and western countries. They further observed that the majority of western countries prioritize
methodology in studies on Al, whereas eastern countries tend to prioritize educational applications.
Moreover, Almasri (2024) asserted that studies tend to prioritize the examination of knowledge and
skills. This situation demonstrates that articles on Al place particular emphasis on the cognitive abilities
of students, with the objective of enhancing the quality of SE. A further outcome of the research indicated
that the most commonly used keywords in articles about Al in SE were Al, science education, computer
science education, machine learning, and educational technology. Especially the frequent use of machine
learning and ChatGPT among these words can be explained by the fact that ChatGPT takes the lead in Al
applications. The fact that the terms ChatGPT and large language models are used in the distribution of
words according to years indicates that ChatGPT maintains its superiority even though there are many
new tools in the use of Al in education (Cheung et al., 2024; Dunder et al., 2024). A review of the
applications' functional areas reveals that, in particular, Al is employed for the purposes of evaluation
and feedback. As the range of Al applications continues to expand, it is anticipated that the rate of growth
in the utilization of Al in scientific education will also increase (Heeg & Avraamidou, 2023). In addition
to the aforementioned applications, Al tools are currently employed in a multitude of domains, including
the enhancement of productivity, the examination of data, and the customisation of user experiences.
To illustrate, natural language processing (NLP) tools provide efficacious solutions for the analysis of
human language, including text analysis and emotion detection (Russell & Norvig, 2016). In particular,
highly sophisticated NLP models, such as GPT-3, offer significant convenience in the production of text.
Machine learning (ML) is another Al tool that is employed in tasks such as prediction and classification
through the process of learning on large datasets. In this field, popular platforms such as scikit-learn
and TensorFlow are particularly noteworthy (Brownlee, 2016). The application of machine learning
(ML) contributes to the process of decision-making by enhancing the accuracy of predictions in data-
intensive sectors such as marketing and healthcare (Chollet, 2021).

Computer vision technologies also facilitate the analysis of visual data and are employed extensively in
domains such as object recognition, face recognition and image classification (Kelleher & Tierney, 2018).
In particular, within the domain of security, these technologies facilitate the automated analysis of
images captured by security cameras. In contrast, voice recognition tools permit users to control devices
via voice commands, with applications in numerous aspects of daily life, including the use of Siri or
Google Assistant (Goodfellow et al, 2016). Finally, Robotic Process Automation (RPA) represents a
significant time-saving measure, particularly within the business sector, through the automation of
repetitive processes. These tools, which relieve the burden on the workforce, particularly in areas such
as accounting and customer service, are rapidly becoming ubiquitous in business, with platforms such
as UiPath and Automation Anywhere (Russell & Norvig, 2016). Upon examination of the most frequently
occurring words in the abstracts of the articles, it becomes evident that the primary themes are
education, study, Al, learning, paper, and knowledge. This situation has revealed that studies on Al in SE
are mostly about knowledge and learning. It is understood that studies expressing high-level thinking
skills have not been concentrated yet. In the distribution of these words according to years, the terms
evaluation, approach and importance are used more in recent studies. This situation has especially
shown that Al is used as an evaluation approach in studies conducted in SE (Haudek & Zhai, 2023).
Furthermore, it is evident that the ethical principles pertaining to the utilization of Al are not addressed
in the aforementioned studies. This can be attributed to the fact that these studies are still in their
nascent stages (Dominguez Hernandez & Owen, 2024). Finally, the most recent developments in Al
demonstrate that its capabilities are not fully predictable, necessitating the use of limitations and ethical
principles in its application. Regarding citations and co-citation analysis, the leading researchers in this
field are Cooper, Chin, Dohmen, Zhai, Nehm, Blingsley. These results show that researchers are shifting
their fields of study towards Al In addition, it was determined that the most cited journals included
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Journal of Science Education and Technology, Educational Technology & Society, IEEE Transactions on
Learning Technologies, Science & Education and Education and Information Technologies. It is
understood that these journals, which have an important place in SE, give priority to the subject of Al.
These results obtained from the research have shown that it provides important and valuable
information in terms of revealing research trends in the use of Al in SE, leading journals and researchers,
and countries and institutions that prioritize Al.

It should be noted that the research is not without limitations. First and foremost, the search terms and
strategies employed in the research can be regarded as a potential limitation in the process of identifying
the included articles. Despite the use of rigorous and comprehensive search terms, it is possible that
additional studies may have been included had alternative terms been employed. Moreover, the
research was conducted using only the WoS database, which may have resulted in a more limited sample
of literature. An examination of different databases might have yielded a different study sample.
However, in the process of selecting the sample, particular attention was paid to the inclusion of
important indexes and high-quality publications. Consequently, studies included in other indexes were
excluded. The inclusion of studies in different indexes may result in a variety of changes to the results.
Nevertheless, the validity, reliability, and academic reputation of the sources were rigorously evaluated
at each stage of the process. In conclusion, the selected studies were identified through WoS searches at
the time the research was conducted. Consequently, studies published subsequent to this date were not
included in this research. Therefore, the results obtained are meaningful in line with this information.
The findings of the research allow for the formulation of the following recommendations for researchers
and future research:

% Given the dispersion of research efforts across various regions and the variances among
countries, it's evident that the United States has spearheaded the bulk of Al-related research.
Efforts can be channeled into emphasizing Al within educational programs in other nations.

¢ Collaborative international studies can be initiated by partnering with institutions boasting
significant publication outputs or by reaching out to researchers affiliated with these
institutions.

% Scholars’ ought to scrutinize the contributions of prominent researchers and contemplate
submitting their work to reputable journals or seeking publication opportunities therein.

+ Studies on the use of Al in SE focus more on information and evaluation, and studies on
different skills and subjects can be emphasized.

¢ Itis imperative that educators and those aspiring to become educators are made aware of the
latest developments in the field of Al. Furthermore, they should be provided with training on
the use of different Al tools, and the ethical principles that should be adhered to when using
them.

+* A more comprehensive understanding can be achieved by examining studies across a range of

indexes.

The study revealed a notable increase in the frequency of publications originating from Tiirkiye

in recent times. A review of Turkiye-based studies allows for the examination of trends and

comparison with international literature.
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Abstract: The aim of this study was to examine the disaster preparedness perceptions
and opinions of Secondary School Students who experienced the most recent major
earthquake in Elazig and Kahramanmaras in Tiirkiye. The study population consisted of
Secondary School Students in Elazig and Kahramanmaras during the 2022-2023 academic
year. The sample included 548 participants in the quantitative part selected through non-
probabilistic convenient sampling and 40 participants in the qualitative part selected
using a criterion sampling method. In this study, a convergent parallel design, a mixed

research method, was employed. The "Disaster Preparedness Scale" was used to collect
quantitative data. The reliability of the scale was assessed using the Cronbach’s Alpha,
which was found to be .82. Qualitative data were collected through a semi-structured
interview form developed by the researchers. The results indicated that the disaster
preparedness perceptions of the participants were at a moderate level. There was no
significant difference in the disaster preparedness perceptions among participants based
on gender, while significant differences were identified based on city (in favor of students
in Elazig), grade, maternal education level, and paternal education level. Qualitative
findings suggested that participants perceived the misinformation in the media after
disasters as a significant problem. They also mentioned preparing disaster kits as a
precaution after disasters, receiving fire and earthquake-related training at their schools,
but feeling that these trainings did not contribute significantly to their preparedness.
Participants emphasized the need for disaster awareness education and call for realistic
and effective training exercises.
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1.Introduction

The frequency of disasters is increasing globally day by day. Following disasters, there are not only
material and spiritual losses but also disruptions in societal life, leading to significant changes
(Kolukirik, Arslan & Gokalp Yilmaz, 2022). Many phenomena arising after disasters impact individuals'
socio-emotional, physical, cognitive, and psychological conditions, and often lead to lasting harm,
especially to children (Garcia, Diaz & Martinez, 2016; Saglam Sener & Arlioglu, 2022). Children exposed
to negative living conditions as a result of disasters may encounter severe psychological disturbances.
A substantial portion of children experiences post-traumatic stress disorder, depression, and anxiety as
a result of disasters, leading to prolonged or enduring psychological distress (Kaya & Ozcebe, 2013). In
other words, children are significantly affected by both natural disasters (acts of nature) and human-
made (intentional or accidental) disasters (Severin & Jacobson, 2020). Considering that disasters affect
large areas, various measures can be taken by governments, institutions, and organizations to minimize
the material and emotional negative impacts of disasters on people. For instance, providing students
with information about disasters, organizing training on how to respond during disasters, and
integrating these efforts into government policies can play a significant role in decreasing the effects of
disasters (Adanaly, Yiyin & Ozenel, 2022). In addition, by implementing necessary security measures in
schools (Teyfur, 2021), students can be taught with the understanding that schools are safe places. This
can help reduce students' fear of attending school and ensure the continuity of education. Emergency
plans for disasters can be expanded, regular training and drills can be conducted, and disaster-resistant
structures can be built (Connolly, 2012). According to Karatay and Emini (2022), educational policies
can be reviewed and adjusted to ensure that students' educational freedom is not limited and that they
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feel secure during disasters. Specifically, adding more disaster education-related achievements to the
curriculum can make students more prepared for disasters.

Disaster education is incorporated into various teaching programs within the education system of
Tirkiye. Subjects such as life sciences, social studies, science and technology, and geography include
disaster education outcomes. In particular, the geography curriculum is the program with the most
extensive coverage of disaster-related learning outcomes (Basibiiylik & Pala, 2023). In primary and
secondary education, topics related to disasters are not allocated a separate subject but are
incorporated within the units of existing courses. Topics related to disasters are included in the contents
of subjects such as life sciences (grades 1, 2, and 3), science (grades 3, 5, and 8), social studies (grades 4
and 5), and "Our City" (an elective course for grades 5 through 8). In secondary education, these topics
are present only in the curriculum of biology (10th grade) and geography (9th, 10th, and 12th grades).
[t is noted that in primary education, the subject of destructive natural events is discussed as a separate
topic, which limits the concept of disasters to solely natural events, and does not conform to modern
and contemporary disaster understanding (inal, Kaya, & Altintas, 2018). In addition, the topic of
earthquakes in the 4th-grade Social Sciences curriculum is associated with activities such as watching
earthquake-related films, earthquake drills, and Earthquake Awareness Week (March 1-7) (Kirikkaya
Bulus, Oguz Unver & Cakin, 2011). Starting disaster education in the early years and incorporating
relevant knowledge and skills into school curricula are believed to prepare students for disasters and
reduce disaster risks (Musacchio et al., 2016). Efforts to develop disaster education curricula and to
design them as specialized textbooks, rather than simply integrating them into existing course subjects,
can enhance disaster awareness and improve students' perceptions of disaster preparedness (Kirikkaya
Bulus et al., 2011).

Studies have been conducted to measure the disaster awareness levels and preparedness of students at
different levels regarding what will happen before, during, and after a disaster (Karakus & Onger, 2017;
Dokmeci & Mering, 2018; Fathoni, 2018; Ventura & Madrigal, 2020; Sahan & Ding, 2021; Sekerci,
Ayvazoglu & Cekig, 2023). In addition, students' preparedness for various potential disasters that could
occur at any time and place will enable them to take necessary precautions before a disaster, be aware
of the behaviors to adopt or avoid during a disaster, and act consciously after the disaster. As can be
seen from the 6.8 magnitude Elazig earthquake in 2020 and the 7.8 and 7.5 magnitude Kahramanmaras
earthquakes in 2023, Tiirkiye is an important region at risk of disaster. Therefore, it is important for
children and families to learn what to do in case of disaster and how to cope with the difficulties that
arise after the disaster. Since students are the most affected individuals during disasters, the
governments need to take the necessary measures to minimize the impact on students. This study aims
to examine the preparedness levels of students in disaster-prone areas such as Kahramanmaras and
Elazig, to identify potential shortcomings in their readiness for future disasters, and to shed light on the
necessary measures that should be taken. In this sense, the main motivation behind this study was the
recognition of the importance of preparing students for disasters and the challenges they may encounter
afterward. Thus, thee objective of this study was to examine the disaster preparedness perceptions and
views of Secondary School Students who experienced the most recent major earthquake disaster in
Elaz1g and Kahramanmaras in Tiirkiye.

2.Methodology

In this study, a convergent parallel design, a mixed-methods approach, was employed. The mixed-
methods design allows for a comprehensive and multidimensional examination of a situation by using
both numerical and verbal data concurrently (Gay, Mills, Airasian, 2012; Mills, Gay, 2016). The
convergent parallel design is a type of mixed-methods design in which quantitative and qualitative data
are collected during the same time frame (Creswell, Plano Clark, 2015). In this design, data are initially
analyzed separately and then integrated to draw conclusions.
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2.1. Quantitative Study
2.1.1. Participants

The population of the study consisted of Secondary School Students in Elazig and Kahramanmaras
during the 2022-2023 academic year. A non-probabilistic convenience sampling method was used in
sample selection and as a result 548 Secondary School Students from Elazig and Kahramanmaras were
included in the study. Convenience sampling is a suitable sampling method when participants are easily
accessible, data collection is time-efficient. It also facilitates reaching a larger number of participants
quantitatively (Biiylikoztiirk, 2015). The demographic information is provided below.

Table 1

The Participants' Demographic Information

Variables N Yiizde (%)
Elazig 228 41,6
City
Kahramanmaras 320 58,4
Female 301 54,9
Gender
Male 247 45,1
5. Grade 204 37,2
6. Grade 271 49,5
Grade
7.Grade 49 8,9
8. Grade 24 44
Primary School 157 28,6
. Secondary School 153 27,9
Maternal Education Status
High School 156 28,5
University 82 15,0
Primary School 61 11,1
) Secondary School 120 21,9
Paternal Education Status
High School 199 36,3
University 168 30,7
Total 548 100

Of the 548 participants, 228 (41.6%) were enrolled in schools in Elazig, while 320 (58.4%) attend
schools in Kahramanmaras. In terms of gender, the gender was composed of 301 (54.9%) female
students and 247 (45.1%) male students. Among the participants, 204 (37.2%) were in the 5th grade,
271 (49.5%) in the 6th grade, 49 (8.9%) in the 7th grade, and 24 (4.4%) in the 8th grade. Regarding the
variable of maternal education, 157 (28.6%) had mothers with primary school education, 153 (27.9%)
with middle school education, 156 (28.5%) with high school education, and 82 (15%) with a university
degree. In terms of paternal education, 61 (11.1%) participants’ fathers completed primary school, 120
(21.9%) completed middle school, 199 (36.3%) completed high school, and 168 (30.7%) had a
university degree.
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2.1.2. Data collection tool
2.1.2.1. Disaster preparedness scale

The "Disaster Preparedness Scale," developed by Sentuna and Caki (2020), was used to collect the
quantitative data in the study. The scale consists of two sections: demographic variables and scale items.
It comprises 13 items, each using a 4-point Likert scale, ranging from "definitely no," "no," "yes," and
"definitely yes.". The Kaiser-Meyer-0lkin (KMO) index, used as a criterion for the suitability of the scale
items for principal component analysis, was found to have a good fit level at .84 (p =.00). The item-total
correlation scores of the scale range between .43 and .63 . The scale is composed of four sub-dimensions:
"Disaster Physical Protection," "Disaster Planning," "Disaster Assistance," and "Disaster Warning and
Signals." Although there are various debates on the use of the scale, there is an opinion that the use of a
4-point likert-type scale will prevent participants from giving vague answers and encourage them to
think more (Garland, 1991). Items in the scale (Definitely yes: 3.21-4.00, Yes: 2.41-3.20, No: 1.61-2.40,
Absolutely no: 0.81-1.60) were scored as follows (Sentuna, Caki, 2020). The lowest score that can be
obtained from the whole scale is 4 and the highest score is 42. The reliability of the scale was examined
using Cronbach's Alpha which was found to be .82. The CFA of the scale used was examined to see its
suitability for secondary school students, and it was seen that this scale could be used for secondary
school students. To ensure the scale's reliability for this study, the internal consistency coefficient was
calculated and the reliability of the scale was confirmed. It was concluded in the study that the scale
showed sufficient fit (p=.00; x2/sd=1,99; SRMR= 0,03; RMSEA= 0,04; CFI=.94; TLI=.92).

non

2.1.2.2. Analysis of quantitative data

The "Disaster Preparedness Scale" and a semi-structured interview form were administered to assess
Disaster preparedness perceptions of the participants. The quantitative and qualitative data were
analyzed at the end of the data collection process. For the quantitative part of the study, the dependent
variable was Disaster preparedness perceptions of the participants, and the independent variables were
city, gender, grade, and parental education levels. Data were analyzed using the "IBM SPSS Statistics
22.0" software package. An analysis was conducted to examine whether the data had a normal
distribution. It was found that the data exhibited a normal distribution. To be considered as having a
normal distribution, skewness and kurtosis values should be between +1.5 and -1.5 (Tabachnick &
Fidell, 2013). For the Disaster Preparedness Scale, the skewness value was .226, and the kurtosis value
was .642.

For each item on the scale, the arithmetic mean, standard deviation, percentage, and frequency values
were calculated. Since the numerical data obtained from the scales were parametric, the t-test was
employed for pairwise comparisons, and a one-way analysis of variance (ONEWAY ANOVA) was used
for comparisons involving more than two variables.

2.2. Qualitative study
2.2.1. Participants

The study group consisted of 27 female and 13 male participants who were attending schools in Elazig
and Kahramanmaras during the 2022-2023 academic year. In selecting the study group, criterion
sampling method was employed. The criteria for participant selection were that they were in the 8th
grade, had experienced a disaster, and had participated in disaster drills. Criterion sampling is a non-
probabilistic method in which the sample is composed of individuals, events, or situations that possess
the specific qualities defined in relation to the problem (qualifications) under investigation
(Biytikoztiirk, et al. 2008).
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Table 2

The Demographic Variables of the Participants

Variables N Percent (%)
Elaz1g 15 375
City
Kahramanmaras 25 62.5
Female 27 67.5
Gender
Male 13 32.5
Primary School 5 12.5
Secondary School 9 22.5
Maternal Education Status
High School 13 325
University 13 325
Primary School 5 12.5
Secondary School 9 22.5
Paternal Education Status
High School 13 32.5
University 13 32.5

2.2.2. Data collection tool
2.2.2.1. Semi-structured interview form

To collect qualitative data, a semi-structured interview form was prepared. A semi-structured interview
is a flexible interviewing technique in which the researchers have predetermined topic areas, and each
participant is asked similar questions (Buran, 2021; Tiirniikld, 2000). The interview form consisted of
two sections: one section included demographic questions, and the other section contained questions
designed to investigate the participants' opinions. To enhance the validity of the data collection tool,
feedback was sought from one social studies teacher and two curriculum experts. The prepared
interview form was provided to the participants, and their opinions were collected face-to-face on a
voluntary basis. The interviews were conducted one-on-one with students in a school setting during
suitable time slots over the course of one week. The following questions were posed to the participants
regarding their perceptions of disaster preparedness:

1. What are the opinions of Secondary School Students regarding the problems that occur after
disasters?

What precautions do Secondary School Students take with their families after a disaster?

What kind of disaster-related training did Secondary School Students receive at their schools?
How did the training they received benefit Secondary School Students during a disaster?

What type of disaster-related training would Secondary School Students like to see provided in
their schools?

6. According to Secondary School Students, how should disaster drills be conducted?

v wn

2.2.2.2. Analysis of qualitative data

The qualitative data were uploaded to the MAXQDA 2018 program and structured using MAXMaps. The
data were analyzed using the content analysis method. Content analysis involves transforming words,
expressions, and concepts in texts into codes and expressing them in numbers (Kiziltepe, 2021).
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2.3. Ethical considerations

Ethics committee permission for this study was obtained from Firat University Social Sciences And
Humanities Research Ethics Committee Social And Humanities Research Ethics Committee with the
decision dated 13.07.2023 and numbered 2023/13.

3. Findings

This section presents the findings of the analysis conducted to examine the disaster preparedness
perceptions of Secondary School Students and their opinions on this topic in terms of various variables.

3.1. Quantitative findings on disaster preparedness perceptions of the participants
3.1.1. Disaster preparedness perceptions of the participants

The arithmetic means and standard deviations were calculated for disaster preparedness perceptions
of the participants.

Table 3

Disaster Preparedness Perceptions of the Participants

N X ss
Disaster Preparedness Perceptions 548 2.66 45
Disaster Physical Protection 548 2.51 .54
Disaster Planning' 548 2.72 .69
Disaster Assistance 548 3.00 .59
Disaster Warning and Signals 548 2.45 .67

It was found that the participants had a moderate level of disaster preparedness perceptions (X=2.66).
Looking at the sub-dimensions of the disaster preparedness scale in terms of student perceptions, it was
found that students had high perceptions in the Disaster Assistance (X=3.00) sub-dimension, while their
perceptions were at a moderate level in the Disaster Physical Protection (X=2.51), Disaster Planning
(X=2.72), and Disaster Warning and Signals (X=2.45) sub-dimensions.

3.1.2. Disaster preparedness perceptions of the participants by gender

An independent variables t-test analysis was conducted to examine whether Disaster preparedness
perceptions of the participants differed based on their gender.

Table 4

Disaster Preparedness Perceptions of the Participants by Gender

Gender N X ss Sd t p.
Disaster Preparedness Female 301 2.68 45
Male 247 2.64 44

546 920 .35

*p.<.05

As shown in Table 4, there was no significant difference in the disaster preparedness perceptions of the
participants. However, when examining the means, it was noted that female students (X=2.68) had
higher disaster preparedness perceptions compared to male students (X=2.64).

3.1.3. Disaster preparedness perceptions of the participants by city

An independent variables t-test analysis was conducted to examine whether the disaster preparedness
perceptions of the participants differed based on the city variable.
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Table 5
Disaster Preparedness Perceptions of the Participants by City
City N X Ss Sd t p-
Disaster Preparedness Elazig 228 2.74 .54
546  3.396 .00*
Kahramanmaras 320 2.60 .35

*p<.05

Table 5 revealed a significant difference in the disaster preparedness perceptions of Secondary School
Students in Kahramanmaras in favor of those living in Elazig (t(546)=3.396; p=.00<.05).

3.1.4. Disaster preparedness perceptions of the participants by grade

A one-way analysis of variance was conducted to examine whether the disaster preparedness
perceptions of the participants differed based on their grade.

Table 6

Disaster Preparedness Perceptions of the Participants by Grade

Anova
Grade NoX sd Sum of sd Mean Difference
Squares Squares (LSD)
5.Grade (1) 204 2.71 47 Betweengroups 2.517 3 .839 4.188 .006*
%)
§6. Grade (2) 271 2.67 45 Within Groups 108.996 544 200 1>3
o
§ %7.Grade (3) 49 256 .34 Total 111.514 547 1>4
é S-8.Grade (4) 24 241 .37 254
A A Total 548 2.66 .45
*p<.05

As shown in Table 6, a significant difference was found in the disaster preparedness perceptions of the
participants in terms of grade (F(3.544) = 4.188; p =.00 <.05). The analysis of the disaster preparedness
scale revealed that 5th-grade students had greater disaster preparedness perceptions compared to
those in the 7th and 8th grades, and 6th-grade students had higher disaster preparedness perceptions
compared to 8th-grade students.

3.1.5. Disaster preparedness perceptions of the participants by maternal education level

A one-way analysis of variance (ANOVA) was conducted to investigate whether the disaster
preparedness perceptions of the participants showed significant differences based on maternal
education level.

Table 7

Disaster Preparedness Perceptions of the Participants by Maternal Education Level

Anova
Maternal _ .
. X ss Sumof sd Mean F P Difference
Education Level
Squares Squares
Primary (1) 157 2.61 .48 Between groups2.513 3 .838 4.180 .006*
Secondary (2) 153 2.60 .41 Within Groups 109.001 544 .200 4>1
High School (3) 156 2.70 .43 Total 111.514 547 4>2
University (4) 82 2.79 .45
Total 548 2.66 .45

*p<.05
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As shown in Table 7, there was a significant difference in Disaster preparedness perceptions of the
participants in terms of maternal education level (F(3.544) = 4.180; p = .00 < .05). The difference was
between the participants whose mothers had university degree (X=2.79) and those whose mothers were
primary school (X=2.61) or secondary school (X=2.60) graduates.

3.1.6. Disaster preparedness perceptions of the participants by paternal education level

One-way ANOVA was conducted to examine if there was a significant difference in Disaster
preparedness perceptions of the participants concerning paternal education level.

Table 8

Disaster Preparedness Perceptions of the Participants by Paternal Education Level

Anova
Paternal > d
EducationLevelN X S Sumof sd Mean F P Difference
Squares Squares
Primary (1) 61 252 .47 Between groups 3.002 3 1.001 5.017 .002*
. Secondary(2) 120 2.60 .42 Within Groups 108.512 544 .199 3>1
é High School (3) 199 2.67 41  Total 111.514 547 4>2
<
@ £ \University (4) 168 275 47
g 2 45
g E Total 548 2.66
*p<.05

Table 8 revealed a significant difference in disaster preparedness perceptions (F(3,544)=5.017;
p=.00<.05). It was found that the participants whose father had completed high school (X=2.67)
exhibited greater disaster preparedness perceptions compared to those whose fathers had finished
primary school (X=2.52). In a similar vein, participants whose fathers were university graduates
(X=2.75) demonstrated higher disaster preparedness perceptions compared to those whose fathers had
completed secondary school (X=2.60).

3.2. Qualitative findings on disaster preparedness of the participants

3.2.1. Problems experienced by the students after disasters

Figure 1

Problems Experienced After Disasters
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As shown in Figure 1, the participants’ views on the problems and deficiencies experienced after
disasters were categorized into 4 themes with 9 codes. It was found that the participants primarily
focused on information pollution in the media (f=21) and the lack of basic necessities (f=20). The
opinions of the participants from Kahramanmaras revealed that they mainly concentrated on
psychological issues and shortages of basic necessities. In contrast, the participants from Elazig tended
to emphasize the delayed response in providing assistance and the information pollution in the media.

S 15: " It left a significant psychological impact, and we felt like we were continuously reliving that moment.
It could cause financial effects.”

S 18: "During the earthquake we experienced, there were significant deficiencies in the first aid teams. In
addition, there were problems with finding shelter, water, and food. There were hygiene problems.”

3.2.2. Precautions taken by the participants after disasters

In Figure 2, the opinions of the participants regarding the precautions they took after disasters are
presented.

Figure 2

Precautions Taken by the Participants After Disasters
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Figure 2 indicated that the participants’ precautions regarding disasters were categorized into two
themes and eight codes: individual and collective measures. Students first took measures related to
evacuating from buildings (f=7) and moving away from disaster areas (f=8). Subsequently, they
prepared disaster kits (f=13) and secured household items (f=5).

S5: "After the earthquake, we discussed with my family where to stay in the house during the earthquake
and where to go if we are outside."

S27: "Right after the earthquake, we moved away from the city, and when we returned home, we prepared
a disaster kit and secured the items in the house."

3.2.3. Disaster education received by the participants in their schools

Figure 3 presentes the codes regarding the disaster education received by the participants.
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Figure 3

Disaster Education Provided to the Participants in Their Schools
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It was observed that students mostly received earthquake-related education.
§40: "An earthquake drill was conducted, and training on actions like drop, cover, and hold was provided."

S1: "We were taught what to do during an earthquake and practiced it. We also received training on how
to put out fires during a fire."

3.2.4. Contributions of disaster education received by the participants

In Figure 4, the participants’ opinions on the contributions of the disaster education they received
regarding disasters were illustrated.

Figure 4

Contributions of Disaster Education Received by the Participants
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Figure 4 presents the participants’ opinions on the contributions of the disaster education they received
regarding disasters. While some participants stated that they were informed about what to do during and
after a disaster (f=13), others expressed that the education they received was not useful (f=20). Some of the
participants’ opinions are as follows:

S$17: "We received education before the disaster, but it did not help at all. During the disaster, it felt like |
had forgotten everything."”

S§19: "We had drills at our school before. But I could not stay calm because I was scared of the darkness and
earthquakes.”
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3.2.5. Disaster education the participants expect to receive
Figure 5 shows the disaster education topics that the participants expect to take, represented by codes.
Figure 5

Disasters Education Expected by the Participants
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As shown in Figure 5, students had a strong preference for disaster awareness education (f=26). They
expressed the necessity of such education to exhibit appropriate behavior during and after disasters. First
aid training was considered essential for both disaster situations and daily life.

S2 “Training on how to take necessary measures can be provided. Behaviors like 'Drop, Cover, and Hold On’
should not remain purely theoretical, and at least basic first aid training can be provided.”

»n

S$32 “First aid kits should be provided, and first aid training should be given.
3.2.6. The participants’ recommendations for drills/trainings

Figure 6 presents the recommendations of the participants concerning disaster drills and training,
represented using codes.

Figure 6

Recommendations of the Participants for Disaster Drills
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The participants emphasized the need for disaster drills and training to be realistic and efficient (f=10).
In addition, they expressed a desire for lessons aimed at improving disaster awareness (f=4) and
stressed the importance of continuous disaster education and drill programs (f=4).

S$16 "I would like to have lessons on how to protect ourselves during disasters and how to act during
an earthquake."”

S$19 "I wish our school would conduct a more realistic drill. We could not adequately prepare for an
earthquake because only simple drills have been performed.”
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4.Results, Discussion and Recommendations

Preparation for disasters, especially earthquakes, involves efforts to minimize the impact of various
disasters on individuals. It can be claimed that children are most affected by disasters worldwide. After
disasters, children often have difficulties adapting to their education, psychology (Widdyusuf, Muctiarni
& Mupita, 2022), and social lives. To minimize these negative effects, it is important to determine
children's disaster preparedness perceptions and prepare them for disasters accordingly based on the
results. In this context, this study aimed to examine the disaster preparedness perceptions of secondary
school students who experienced a major earthquake in Tiurkiye, specifically in Elazig and
Kahramanmaras.

The findings indicated that the participants’ disaster preparedness perceptions were at a moderate
level. In the literature, there are studies which reported both similar and different results (Dereli Toprak
& Acikalin Savasci, 2018; Taskin, 2022). For example, Yildiz, Teeuw, Dickinson, and Robert (2020)
investigated earthquake preparedness and risk perception of children, and found that they were
generally aware of the earthquake risks in their regions. However, their preparedness levels for such
earthquakes were low. Furthermore, they concluded that children who participated in earthquake
education programs had higher earthquake awareness, and were able to envisage future earthquakes
and possible causes of injury. In contrast, several studies aiming to examine secondary school students’
earthquake preparedness reported that the students' earthquake preparedness levels were satisfactory
(Alkalash, 2023; Widdyusuf et al., 2022).

It was found in the present study that the participants did not differ by gender. Widdyusuf et. al. (2022)
also arrived at a similar conclusion in their study. In contrast to these findings, Cvetkovi¢ et. al. (2015)
found that male students had more disaster-related knowledge compared to female students.

It was also found that there was a significant difference in favor of those in Elazig regarding the disaster
preparedness perceptions of middle school students based on the city variable. A possible reason for
this finding could be the significant earthquakes experienced in Elazig, such as the Sivrice and Elazig
earthquakes. The education received by the children in schools or different social settings, as well as
experiencing these earthquakes, may have prepared the children to respond appropriately to disasters.
The frequent occurrence of earthquakes in Elazig, compared to the participants in Kahramanmaras who
may have experienced such a significant disaster for the first time, could be a factor for this finding.
Ozelmaci (2016) investigated the perceptions of secondary school students regarding disasters and
disaster preparedness in Erzurum, Karaman, Kocaeli, and Trabzon. It was concluded that students in
Karaman, where disasters are least common in Tiirkiye, were aware of the impacts of disasters but were
not very conscious of preparedness, thinking of a disaster bag as just a simple first aid kit. The lack of
experience with disasters could influence children's preparedness perceptions. Cvetkovi¢ et. al. (2015)
studied the knowledge and perceptions of secondary school students in Belgrade about earthquakes as
natural disasters, and found that students' knowledge about earthquakes was influenced by personal
experiences and the experiences of the head of the family, typically the father. Contrary to these findings,
Benzer and Arpalik (2021) did not find a significant difference in the knowledge levels of secondary
school students living in different earthquake regions concerning earthquakes based on the city
variable.

This study also investigated whether there was a significant difference in disaster preparedness
perceptions among secondary school students based on their grade. The findings revealed a significant
difference. It was found that participants in 5th-grade had higher disaster preparedness perceptions
compared to 7th and 8th graders, and participants in 6th-grade had higher perceptions compared to 8th
graders. The reason for this may be that recent disasters were more extensively covered at the primary
school level, and it is possible that 5th and 6th-grade students have higher disaster preparedness
perceptions compared to students in the 7th and 8th grades contrast, some studies reported that 8th-
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grade students had higher knowledge about disasters compared to 5th, 6th, and 7th graders (Adanali et
al,, 2022; Benzer & Arpalik, 2021; Piyadeoglu-Kaya, 2019).

It was also examined whether there was a significant difference between secondary school students’
disaster preparedness perceptions based on their parents' education levels. A significant difference
between parents' education levels and students' disaster preparedness perceptions was found. A
significant difference was observed in participants whose mothers were high school and university
graduates, as they had higher disaster preparedness perceptions compared to students whose mothers
were elementary and secondary school graduates. Similarly, students whose fathers were high school
and university graduates exhibited higher disaster preparedness perceptions than students whose
fathers were elementary and middle school graduates. These findings suggest that parents with higher
education levels might better inform their children about disasters and that the preparedness of
children for disasters is positively correlated with parental education. In contrast, Cvetkovi¢ et al.
(2015) reported that while the education level of parents might not directly affect children's knowledge
about earthquakes, the rate at which children of highly educated parents are knowledgeable about
earthquakes is statistically higher.

In the qualitative part of the study, the participants were asked about the problems they experienced
after the disaster. The responses were mainly about psychological issues, social issues, housing
problems, and issues related to disaster aid. The participants in Kahramanmaras focused particularly
on psychological problems and basic needs deficiencies. Tanhan and Mukba (2015) examined the
perceptions of secondary school students in Van regarding earthquakes and the psychosocial effects of
earthquakes among students. They concluded that earthquakes can cause cognitive, emotional, and
behavioral problems in children, as well as psychological issues such as loss of trust and hopelessness
about the future. Furthermore, some studies found that students experienced stress disorders after a
trauma (Chong-de et al, 2013). Students in Elazi§ concentrated on responses related to media
misinformation and delays in receiving aid. Kogyigit (2023) pointed out that the media's coverage
encompasses not only communication, aid coordination, and information sharing, but also the
generation of false and negative content for specific purposes, which can unnecessarily dominate the
media's agenda. The difference in responses may be attributed to the greater destruction in
Kahramanmaras and the lack of basic needs such as food, shelter, and hygiene. The absence of
destruction in Elazig may be related to the different responses given by the students.

In response to the question about the measures they took after disasters, students most commonly
reported that they prepared a disaster bag. The lack of basic needs such as food and water, either under
the rubble or on the streets, following earthquakes can be attributed to the adoption of this measure.
Nevertheless, some participants reported not taking any measures although they experienced a
significant disaster. Ozkorkmaz et al. also found similar results. The students indicated that they had
taken such precautions. Karthikeyan and Rajendran (2020) highlighted the importance of encouraging
students to keep water, food, and first aid supplies in their homes or backpacks for an earthquake. They
emphasized the importance of creating a disaster preparedness bag. In their study, Ozkorkmaz and
colleagues (2023) found that approximately 37% of students had prepared a disaster bag.

When asked about the type of disaster training they received at their schools, the participants reported
that they received earthquake training and some also received fire training. Ttrkiye is located in an
earthquake-prone region and thus more training shoud be provided. Studies showed that the disaster
training provided differs by region. Piyadeoglu Olcay (2019) examined secondary school students in
Glumiishane and found that the students were educated about disaster awareness for events such as
landslides, rockfalls, and floods, which are common in the region.

In terms of the impact of the disaster training they received, the majority of the participants said that it
had "no impact." The reason for this finding may be the panic and fear during an earthquake, which may
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prevent students from implementing their knowledge. However, the findings of this study contrast with
other studies reporting that disaster training can increase disasters awareness (Faupel and Styles,
1993), reduce anxiety after a disaster (Mishra & Suar, 2012), and help children better prepare for
disasters (Shiwaku et al., 2007).

In terms of their expectations from disaster training, the majority of the participants stated that disaster
awareness education should be provided. Similarly, Ozkorkmaz et. al. (2023) emphasized that raising
earthquakes awareness of 7th-grade secondary school students was crucial. They argued that
earthquake training should be organized, and technological advancements should be included in the
programs in order to improve earthquake awareness.

The participants expressed that disaster drills should be more realistic, efficient, and continuous. They
also argued that disasters should be taught as a distinct subject. inal, Kaya, and Altintas (2018)
highlighted that the disaster education curriculum of primary and secondary education in Tiirkiye was
insufficient.

The study findings indicated that secondary school students had a moderate level of awareness
regarding disaster preparedness. However, there is a notable disagreement in the responses of students
in terms of earthquake preparedness and preventive measures, as many of them predominantly
mentioned the preparation of emergency bags.

In terms of the city variable, the study suggests a more favorable disaster preparedness perception
among students in Elazig. Differences in responses were observed among students residing in Elazig
and Kahramanmaras concerning the challenges they faced after earthquakes. Specifically, students who
experienced the Kahramanmaras earthquake appeared to undergo more trauma, exhibit higher fears of
loss, and demonstrate greater sensitivity to issues related to housing and food shortages.

Research on education revealed positive outcomes for students with parents having a higher level of
education. Although the awareness is believed to be linked to education, students expressed that the
education received before earthquakes did not significantly contribute to their preparedness.
Nevertheless, the students' expressed desire for education in realistic settings and their recognition of
the need for continuous education underscore their awareness of the pivotal role of education in
disaster preparedness.

4.1 Recommendations

Tirkiye is located in an earthquake-prone zone which requires certain measures to be taken. In
particular, housing plans should be developed with careful consideration and in collaboration with the
government. The number of Disaster and Emergency teams should be increased. Teams capable of
providing real life training to students should also be established. Before training children, teachers and
parents should receive training in first aid, psychological support, and stress management. In addition,
disaster training should be integrated into the curriculum for every course. Furthermore, the drills
should be implemented in environments that closely simulate real-world conditions.
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Abstract: Artificial intelligence literacy is vital for individuals' adaptation to the future
workforce and societal changes by enabling them to understand and effectively use Al
technologies and critically evaluate their impact on society. In this study, the validity and
reliability of the artificial intelligence literacy scale in Turkish language were tested and
the latent profiles of the students were determined. This methodological study was
carried out with a total of 729 students between December 2023 and February 2024.
Validity and reliability analyses were conducted with SPSS 27 and AMOS 24, and latent
profile analysis was handled with R programming language. According to the results of
the CFA analysis of the Artificial Intelligence Literacy Scale, the fit indices were found to
be significant (X?/sd= 3.832, RMSEA=.062, CFI=.949, AGFI=.933, GFI=.960, NFI=.949,
TLI=.928, IFI=.916). Considering the Cronbach Alpha value of the scale consisting of 4 sub-
dimensions and 12 items, the internal consistency coefficientwas found to be 0.814. Since
the lowest BIC value in the latent profile analysis was found in the VVV model, the VVV
model was considered as the appropriate one in the study, and the class analyses were
carried out through this model. With the LPA analysis, it was designated that the scale was
divided into 3 classes. It was determined that the Artificial intelligence literacy scale is a
valid and reliable measurement tool. After latent profile analysis, it was found out that the
scale was divided into 3 classes.

Keywords: Artificial Intelligence, Literacy, Scale Adaptation, Latent Profile Analysis
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1.Introduction

The advancements in computer and internet technologies have introduced a variety of competencies
that are essential for individuals, not only in their everyday activities but also to be deemed as skilled
workers in the modern labor market. These essential skills are identified as computer literacy,
technology literacy, information literacy, internet literacy, and media literacy. However, nowadays,
these literacies, which have high levels of interrelationship with each other, are also directly related to
digital literacy. Digital literacy broadly refers to the capability to effectively find, organize, comprehend,
utilize, communicate, assess, and generate information using digital technologies in a safe and
appropriate manner (Law et al., 2018). In terms of its definition, digital literacy can also be regarded as
a set of relationships between the knowledge, skills and competencies that individuals should have in
responding to the challenges that arise as rapid developments in technology become more effective at
every stage of life (McMillan, 2021). Innovations emerging as a result of rapid developments in
technology come along with some knowledge, skills and competencies that individuals should have,
which leads to the emergence of new literacies.

Artificial Intelligence (Al) is a technology that has ignited significant debate due to its diverse range of
products and applications. Al represents the capability of machines to mimic human cognitive functions,
including learning, reasoning, and problem-solving, which positions it at the forefront of technological
advancement and discussion (Liu et al, 2021; Xu, 2023). Al, which began to come forefront with
discussions about digital and human computers at the Paris conference in 1951 (Bruderer, 2016) and
was first expressed by John McCarthy (Moloi and Marwala; 2021), has led to revolutionary
transformations in many sectors from health to education, finance to law, entertainment to agriculture
(Danry et al, 2022; Davenport and Kalakota, 2019; Drach et al,, 2023; Minbaleev, 2022; Yin and Moore,
1987; Ruiz-Real et al.,, 2020). While many people hold favorable opinions about the use of artificial
intelligence technologies due to their substantial benefits, it is also necessary to acknowledge potential
risks and threats related to information security and ethics (Khawlah et al., 2023). Particularly, the
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difficulty of confirming whether a piece of information is produced by artificial intelligence can cause
some problems both in the context of information security and ethics.

It may be estimated that Al will transform many labor qualifications in the near future and may even
lead to the extinction of many occupational groups, since it has the potential to have a transformative
impact in various sectors, including business and human life (Davenport and Kalakota, 2019; Garingan
and Pickard, 2021; Puspitaningsih et al., 2022). Hence it can be argued that it is a vital issue, in the
context of the competitiveness of individuals, businesses and even countries, to increase the ability of
people to produce work with these technologies by including Al technologies in teaching processes in
the matter of training qualified labor force. Many scientists carry out scientific research examining the
effects of teaching processes enriched with Al technologies on learners in various contexts (Voulgari et
al,, 2021). With reference to the findings of these studies, it is visible that many countries have developed
policies in the context of using Al technologies in teaching processes at all levels starting from early
childhood, and developing the knowledge, skills and competencies of learners on how to produce
solutions to their own problem situations with these technologies (Puspitaningsih et al., 2022; Williams
etal, 2019).

Adapting to the transformation brought about by Al technologies will be possible with individuals
possessing high levels of literacy in this field. Al literacy is of great importance for today's digitalized
world as it enables individuals to use Al technology to solve problems, encourage analytical, critical and
metacognitive thinking, and prepare them for the future (Defeng & Xiaojie, 2020; Puspitaningsih et al.,
2022). Additionally, it is crucial to assess the Understanding the Al literacy levels of individuals is crucial.
Knowing how a user's proficiency with Al technology affects interactions between humans and Al can
help designers create applications that are tailored to the Al literacy levels of their target audience
(Wang et al., 2022).

While Al introduces new benefits and opportunities, the biases inherent in these technologies also raise
important concerns about ethics and security (Brendel et al., 2021; Wang and Siau, 2019). Individuals
need proper training to ensure they use Al responsibly and effectively safeguard their own interests and
privacy (Kong et al., 2021). Gaining knowledge, skills, and values related to Al is becoming crucial for
individuals. This foundational Al literacy is essential for facilitating effective interactions between
humans and machines across social settings, educational spaces, and professional environments (Ali et
al,, 2019). Within the scope of the study, a latent profile analysis was carried out to determine which
policies should be implemented for specific individuals and what types of training should be provided.
Latent profile analysis stands out as an effective method to reveal the knowledge levels of individuals
on artificial intelligence in the context of different dimensions and to reveal variations.

It is seen that there is a limited number of measurement tools to measure Al literacy in the literature
(Laupichler et al. 2023). In Tiirkiye, there is no measurement tool for determining artificial intelligence
literacy for university students. Students' Al literacy can help them understand and manage Al
technologies and provide useful information about future job opportunities and career paths. Scale
adaptation makes the quantitative measurement of concept of individuals in the current language valid
and reliable (Buyiikoztirk, et al., 2013). The current study was conducted to address the lack of existing
scales in the literature and to perform a latent profile analysis. In the related literature, there are scales
developed to determine individuals' Al literacy in various contexts (Ferikoglu & Akgiin, 2022;
Hornberger et al.,, 2023; Hwang et al,, 2023; Seong-Won & Lee, 2022). This study aims to bridge this gap
by adapting the artificial intelligence literacy scale developed by Wang et al. (2023) into Turkish. It is
anticipated that the scale to be obtained can be used as a data collection tool in the needs analysis phase
of instructional designs to be realized for all kinds of instructional activities which will be planned to
improve the knowledge, and competencies of individuals studying at higher education level on artificial
intelligence technologies.
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2. Method

In this study, the Al literacy scale was adapted into Turkish and then a latent profile analysis was
conducted. The study was carried out between December 2023 and February 2024.

2.1. Population and sample of the research

The study group of the research, which was selected by convenient sampling method, consists of 729
people at Sakarya University of Applied Sciences. In the convenience sampling method, the researcher
selects the most accessible sample that offers the greatest savings in time and resources, continuing this
approach until a sufficient sample size is achieved (Biiylikoztiirk, et al., 2013). Due to the fact that the
scale is an adaptation study, only Confirmatory factor analysis is considered sufficient (Secer, 2015).
Confirmatory factor analysis is the preferred method for examining the model fit of a scale's factor
structure in its original language during the adaptation of a measurement tool developed in another
language into Turkish (Secer, 2015).

Literature reviews reveal varying opinions on the appropriate sample size for scale development and
adaptation processes. Bryman and Cramer (2001) advise that the sample size for analysis should be five
to ten times the number of items on the scale, while Tabachnick and Fidell (2007) advocate for a
minimum of 300 participants, independent of the number of items. In this study, we engaged 729
participants, significantly exceeding the recommended guidelines. This robust sample size, which is at
least 20 times the number of items, provides a solid foundation for validating the reliability and accuracy
of the research, far surpassing the advised minimum of 300 participants.

2.2. Data collection instruments
2.2.1. Personal information form

This form, which was developed by the researchers, consists of questions investigating the demographic
characteristics of the individuals.

2.2.2. Measuring user competence in using artificial intelligence

In this study, the scale developed by Wang et al. (2023) was adapted into Turkish. The aim of the original
scale was to develop a valid and reliable scale to measure Al literacy of individuals from different age
groups. The original scale consists of 4 sub-dimensions: Awareness, Usage, Evaluation and Ethics. Some
of the scale items are;” I can distinguish between smart devices and non-smart devices”, “I can skillfully
use Al applications or products to help me with my daily work”, “I can evaluate the capabilities and
limitations of an Al application or product after using it for a while”, I always comply with ethical
principles when using Al applications or products”. The scale is originally a 7-point Likert-type scale
consisting of 12 items and 4 sub-dimensions. The scale is scored as Strongly Disagree=1, Disagree=2,
Partly Disagree=3, Neutral=4, Partly Agree=5, Agree=6 and Strongly Agree=7. Items 2, Item 5 and Item
11 in the scale are reverse items. The highest score that the person to whom the scale is applied is 84
and the lowest score is 12.

2.2.3. Language equivalence studies of the scale

Scale Language Equivalence Studies are vital to ensure that versions of a scale or questionnaire
in different languages function similarly. These studies test whether the concepts that the scale
measures in the original language accurately measure the same concepts in the target language.
An effective language equivalence study increases the validity and reliability of the scale so that
research results are comparable across different cultural and linguistic groups. Therefore, scale
language equivalence studies are particularly important in international research and in measurements
administered in multilingual communities. In this scale adaptation study, the “process of translation and
adaptation of instruments” recommended by WHO was followed (WHO, 2015). Upon securing
authorization to use the scale, the original version was independently translated into Turkish by a

583



Sakarya University Journal of Education, 14(3) 2024, 581-596

bilingual linguist and three academics proficient in English who specialize in the field of artificial
intelligence. Then a single text in Turkish was created with the equivalents that best represent each item
in the scale. The questions of the Turkish form were checked for semantic integrity by 2 experts who
know both source language (English) and target language (Turkish). Finally, the Turkish form was back-
translated by a linguist who did not participate in the translation in the first stage and 2 academicians
who know both languages. Then the original version was compared with the adapted version by 3
academicians specialized in artificial intelligence.

2.3. Content validity

The content validity rate (CVR) of each item in the scale was calculated institutions (Yesilyurt, & Capraz,
2018). The draft scale, which was finalized after the experts' opinions, was applied to 15 students before
it was applied to the study sample group. In line with the suggestions received, the scale was evaluated
in accordance with the words of the Turkish Language Association in terms of Turkish language and
cultural differences. Then 107 students were piloted in the study and the final version of the scale was
reached.

2.4. Ethical considerations

Ethics committee permission for this study was obtained from Sakarya University of Applied Sciences
Ethics Committee of Rectorate with the decision dated 11.12.2023 and numbered 39, after receiving
permission by e-mail from the researchers who developed the original scale. This study was conducted
in accordance with the Principles of the Declaration of Helsinki.

2.5. Statistical analysis

IBM Statistical Package for Social Science (SPSS) version 27.0 and IBM SPSS Amos version 24.0 were
used for data analysis. R programming language was used for latent profile analysis of the scale.

3. Findings

3.1. Structure validity

The path followed in the adaptation of the scale is displayed in Figure 1.
Figure 1

Adaptation Process

2 field experts, 2 English language experts, a Turkish
language expert

Interviews with 7 field experts, 2 English language
experts and a Turkish language expert.

15 students were read aloud and corrections were
made in line with the obtained feedback.

The scale was piloted with 107 students.

729 people were applied.

Cronbach Alpha reliability coefficient and split-half
reliability coefficient were calculated.

As a result of the study, the scale consisting of 12
items and 4 sub-dimensions was validated.
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3.1.1. Data analysis

In this context, descriptive statistics of the study group are given in Table 1.
Table 1

Descriptive Statistics for the Sample Group

Confirmatory Factor Analysis

f %
Male 422 57.9
Gender
Female 307 421
Associate Degree 288 39.5
Education
Bachelor’s Degree 385 52.7
Level
Post-Graduate Degree 57 7.8
Health Sciences 127 17,4
Computer Programming 115 15,8
Mechanical Engineering 107 14,7
Computer Engineering 93 12,8
Multidimensional Modeling and Animation 49 6,7
Tourism and Hotel Management 43 5,9
Department Civil Engineering 38 5,2
Mechanical and Metal Technologies 32 4,4
Mechatronics Engineering 28 3,8
Welding Technology 27 3,7
Accounting and Tax Applications 24 3,3
Electrical and Electronics Engineering 13 1,8
Other 33 4,5
Total 729 100

Table 1 reveals the statistics for the distribution of the groups according to gender, education level and
departments.

The Cronbach Alpha value obtained as a result of the application is presented in Table 2.
Table 2

Cronbach Alpha Value of the Preliminary Application of the Scale

Cronbach Alpha N Average Variance Standard Number of
Deviation Items
0.959 107 5.275 .667 .81 12

Table 2 shows that the Cronbach Alpha value is 0.959. In this regard, it can be stated that the scale is
suitable for analysis (Kline, 2011).

3.1.2. Confirmatory Factor Analysis (CFA)
The path diagram of the CFA is presented in Figure 2.
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Figure 2

Confirmatory Factor Analysis Path Diagram
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In Figure 2, the factor loadings showing the relationship of each observed variable (m1 - m12) with the
related latent construct vary between 0.62 and 0.77. CFA path diagram available in Figure 2, this value
is expected to be greater than 0.3, so it was seen that all items met this criterion (Anderson & Gerbing,

1988).

Various goodness-of-fit tests are used to examine the model fit of the scale (McMillan & Schumacher,

2006; Munro 2005; Simsek 2007; Hooper, Coughlan & Mullen, 2008) are given in Table 3.

Table 3

Confirmatory Factor Analysis Fit Indices

Indices Acceptable l:‘ftference e Good Fit xiiiure Result

CMIN/DF 3<x2/sd <5 O0<x2/sd<3 3.832 Acceptable Fit
RMSEA .05 < RMSEA < .08 0 < RMSEA < .05 062 Acceptable Fit
CFI 90 < CFl< .94 95< CFI< 1 949 Acceptable Fit

AGFI .85 < AGFI< .89 90< AGFI< 1 933 Excellent Fit

GFI .85 < GFI< .89 90< GFI< 1 960 Excellent Fit
NFI .90 < NFI< .94 95< NFI< 1 949 Acceptable Fit
TLI .90 < TLI< .94 95< TLI< 1 928 Acceptable Fit
IFI 90 < IFl< .94 95<IFI< 1 916 Acceptable Fit
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When Table 3 is examined, it can be concluded that the scale showed a good and acceptable fit.
3.1.3. Correlation coefficients of artificial intelligence literacy scale and sub-dimensions

Correlation coefficients were calculated to determine the relationship between the Artificial Intelligence
Literacy Scale (AILS) and the four factors that make up the scale. Table 4 shows that the correlation
coefficient between the factors and the whole scale varies between .66 and .81 and the relationship
between the sub-dimensions is positive.

Table 4
Correlation Between AILS and Subdimensions

Awareness Usage Evaluation Ethics

AILS 0.75 0.80 0.81 .66

3.2. Reliability analysis

The results of the calculations are displayed in Table 5.
Table 5

Internal Consistency and Two-Half Reliability Analysis

Test Type Number of Items Cronbach Alpha
Literacy Scale 12 0.814
1st Section 6 0.706

Two-Half Coefficient
2nd Section 6 0.746

Table 5 indicates that the internal consistency coefficient of the scale was 0.814. A Cronbach Alpha
coefficient of 0.70 and above is considered appropriate (Biytikoztirk, et al., 2013).

3.3. Latent profile analysis

Response-based analyses aim to reveal structures that are implicit in the data collected from individuals
with the help of scales, in other words, the structures that cannot be directly observed. The analysis
technique administered in latent classification analysis varies according to the number of
measurements, the type of scale on which the measurement is performed, the number of variables
measured and whether there is variance between classes. The techniques used in classification analysis
are available in Table 6.

Table 6
Summary of Techniques Using Latent Class (Muthén, 2001)

Class Outcome/ Number of Time  Number of Within-Class
Indicator Scale Points Outcome / Time  Variation
Points
LCA Categorical(u) Single Multiple No
LPA Categorical(y) Single Multiple No
LCGA Categorical(u) Multiple Multiple No
Categorical(y)
LTA Categorical(u) Multiple Multiple No
Single Yes
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Tablo 6 (Continued)

GMM Continuous(y) Multiple Single Yes
Multiple

GGMM Categorical(u) Multiple Single Yes
Continuous(y) Multiple

LCA - latent class analysis, LPA - latent profile analysis, LCGA - latent class growth analysis, LTA - latent
transition analysis, GMM - growth mixture modeling GGMM - general growth mixture modeling

Among the techniques summarized in Table 6, especially LCA and LPA analysis are the most common
analysis techniques (Ferguson, Moore & Hull; 2020). While LPA deals with continuous cluster indicators,
LCA deals with categorical variables (Pastor, Barron, Miller & Davis; 2007). LPA assumes unobserved
heterogeneity and classes with specific sub distributions in indicators (Spurk, Hirschi, Wang, Valero &
Kauffeld; 2020). Latent class analysis is a statistical method that models the probability of observing
specific response patterns within a dataset. This technique helps to identify unobserved, or latent,
subgroups within the data based on the responses given (Vermunt, 2022). Steps in LPA/LCA are as
follows (Bauer, 2022):

1. Model specification

2. Class enumeration

3. Substantive interpretation of the target model(s)

4. Include predictors and distal outcomes of most likely latent class membership

LPA is less widely used than other latent variable models and, possibly due to that, has long been only
available in specialized software packages such as Mplus (Wardenaar, 2021). In the present study, R
language was used for LPA and Mclust library (Scrucca, Fraley, Murphy & Raftery; 2023) was used as a
library. In addition, Tidylpa library (Rosenberg, van Lissa, Beymer, Anderson, Schell & Schmidt; 2019)
was used to calculate fit indices more easily.

In the model evaluation, the VVV model (ellipsoidal, varying volume, shape, and orientation) emerged
as the best working model. Akogul & Erisoglu (2017) advise evaluating BIC values in model selection
and selecting the model with the lowest BIC value. After deciding on the model, the second step was to
determine the best class within the model. In the VVV model, up to 3 classes were analyzed and the
results are presented in Table 7.

Table 7

LPA Model Fit Indices Summary

Log LMR LMR LMR BLRT BLRT
Class  Likelihood AIC BIC SABIC Entropy Value p-value meaning Value p-value
1 -4196,83 8421,67 848597 8441,51
2 -4076,51 8211,03  8344,23 8252,14 0,78 240,64 0.001 1<2 240,64 0,01
3 -3973,91 8035,82 823791 8098,2 0,77 205,21 0.001 2<3 205,21 0,01

Bauer (2022) expresses that the most commonly used fit indices are the Bayesian Information Criterion
(BIC), its sample-size-adjusted variant (SABIC), and the Akaike Information Criterion (AIC).

In the study, AIC, BIZ, SABIC, Entropy, LMR and BLRT values were used to decide the number of groups.
The lowest values of AIC, BIC, SABIC and CAIC indicate better model fit (Ianculescu, Balog, Cristescu,
lordache & Bajenaru; 2019; Nylund, Asparouhov & Muthén; 2007; Pastor, Barron, Miller & Davis; 2007).
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Figure 3
The Density Distribution (a) and Scatter Plot (b)
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After the completion of the LPA analysis, the density distribution (a) and scatter plot (b) of the classes
are displayed in Figure 3.
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Figure 3 displays the classes and their distributions as a result of LPA analysis. When Figure 3 is
analyzed, the group with the highest average in all 4 indicators is determined as Class 3 and named as
high on all aspects. The group with the lowest average in all 4 indicators was determined as Class 2 and
named as "low on all aspects”. The group with an average mean in all 4 indicators was determined as
Class 1 and labeled as "moderate on all aspects”.

4. Conclusion and Discussion

The pervasive integration of artificial intelligence across various aspects of life has underscored the
importance of Al literacy. The scope of artificial intelligence literacy includes individuals' knowledge,
usage, evaluation and ethical usage of artificial intelligence tools. When the literature is reviewed, it is
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explicit that there is no measurement tool in Turkish language for university students so as to designate
the artificial intelligence literacy levels of individuals. Given the extensive application of artificial
intelligence in all areas of life, enhancing Al literacy has become increasingly important. Consequently,
the adapted version of this scale is anticipated to make a significant contribution to the academic
literature. The objective of this study is to adapt the Artificial Intelligence Literacy Scale (AILS),
originally developed by Wang et al. (2022), to assess the Al literacy levels of university students. As part
of the adaptation process, the original authors were contacted via email, and permission was secured to
translate the scale into Turkish. Then the scale adaptation procedures were started by obtaining ethics
committee permission. In the sample distribution of the scale, a special care was given to ensure the
necessary heterogeneity by collecting data from different departments. After the language translation
and pre-pilot application for adaptation, the pilot study was conducted with 107 participants.

Considering the results, it was uncovered that the Cronbach Alpha value, calculated as the internal
consistency coefficient of the study, was 0.81 and this result was consistent with the original scale of
0.83. In the literature, this value of 0.70 and above is accepted as appropriate for the scale to be reliable
(Buytikoztirk, et al., 2013; DeVellis 2016). These values indicate that the scale is reliable.

The various fit indices obtained from the adapted scale were as follows: RMSEA=.062, CFI=.949,
AGFI=.933, GFI=.960, NFI=.949, TLI=.928, IFI=.916 (Hooper, et al., 2008; Schermelleh-Engel, et al,,
2003).

Upon examining the correlation coefficients with the sub-dimensions of the scale, it was observed that
they closely mirrored those of the original scale. While there is a high level of positive correlation with
each sub-dimension of the scale, respectively: Awareness 0.75, Usage 0.80, Evaluation 0.81 and Ethics
0.66; in the original scale, a high positive relationship was found as follows: Awareness 0.78, Usage 0.72,
Evaluation 0.72 and Ethics 0.68.

Latent profile analysis was performed using the Artificial Intelligence Literacy Scale adapted in the
study. Three different profiles were observed in Figure 4. Each profile was expressed according to the
average of four variables (awareness, usage, evaluation and ethics).

The findings of the study reveal that the participants in the profile designated as Profile 1 and shown
with a red line consist of the individuals with medium level values in terms of awareness, usage,
evaluation and ethics. These people may represent the individuals who have a generally positive
attitude towards artificial intelligence technologies and their usage, and are aware of the potential
negative effects of the technology. In a study conducted among graphic design students, it was
determined that general attitudes towards Al were positive and this contributed to the creative
processes of students (KUM, 2023).

The individuals indicated as Profile 2 in the research and indicated by the green line consist of the
individuals with moderate values in terms of awareness and usage, but low values in terms of evaluation
and ethics. This finding indicates that the aforementioned individuals understand what Al technologies
are and how to use them, but they have deficiencies in evaluating the potential impacts of these
technologies and especially in understanding their ethical aspects. These individuals may feel that the
benefits of Al technologies outweigh the risks. For members of this profile, an advanced training
program focusing on the ethical and evaluative dimensions of Al can be provided. Students' ethical
concerns about Al applications are becoming more evident with the increasing use of these technologies
in the field of health (Secer, 2024). Providing transparency and explainability in the decision-making
processes of Al is critical to increase users' trust in these systems (Canbay & Demircioglu, 2021).
Moreover, the ability of Al to mimic human intelligence requires in-depth thinking about the ethical
responsibilities and consequences of these systems (Ece, 2024).

590



Ali Kirksekiz, Mehmet Yildiz, Miibin Kiyici, Metin Yildiz

The group indicated as Profile 3 and shown with the blue line are the individuals with high values in
terms of awareness, usage and evaluation but relatively low values in terms of ethics. This profile
describes individuals who hold a positive view of Al technologies and their usage, yet remain cautious
about the potential adverse impacts these technologies may have. These individuals are willing to take
advantage of the benefits of Al technologies but are aware of the potential dangers.

Al can lead to a decrease in the quality of education as students become overly dependent on automated
systems to complete their assignment s, thus hindering their intellectual development (Katenova, 2024).
The fear of losing one's job due to the capabilities of Al is common among students in various disciplines
and many believe that Al can replace traditional educational roles and reduce the human element in
teaching (AL-Tkhayneh et al., 2023).

The findings from the Latent Profile Analysis (LPA) indicate that there are significant variations in
individuals' Al literacy levels. These differences are likely influenced by factors such as the length and
type of individuals' interactions with Al technologies. Last but not least, these findings indicate that
policies, research, practices or training to be developed within the scope of Al literacy should be
designed for individuals with different profiles.

4.1. Limitations

A limitation of this study is that it does not include participants in the field of social sciences.
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