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Abstract

This research investigated the effect of artificial intelligence-supported activities on academic achievement,
critical thinking, and innovation skills. To this end, an explanatory sequential mixed-methods design was used.
The quantitative phase utilised a quasi-experimental pretest-posttest control group design, while the qualitative
phase adopted a case study approach. A total of 49 seventh-grade students from a public school were selected
through simple random sampling, with 25 students in the experimental group and 24 in the control group. The
experimental intervention lasted six weeks. The quantitative data were collected using the Academic Achievement
Test, the Critical Thinking Disposition Scale, and the Innovation Skills Scale, while the qualitative data were
collected through semi-structured interviews. The analysis showed that Al-supported activities significantly
enhanced academic achievement and innovation skills but did not improve critical thinking compared to
traditional textbook-based instruction. The analysis of interview responses revealed that students perceived the
advantages of Al for learning and its disadvantages for critical thinking and misdirection. Based on these findings,
it is recommended that classrooms be equipped with the essential technological infrastructure to help students
benefit from Al, that large language models designed for educational use be fine-tuned with scientific and reliable
sources, and that further research explore and exemplify the potential roles of Al tools in educational contexts.
Keywords: Artificial intelligence, large language models, academic achievement, innovation, critical thinking
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Bu calismada yapay zekd etkinliklerinin akademik basari, elestirel diisiinme ve inovasyon becerisine etkisini
ortaya koymak amacglanmistir. Arastirmada agiklayict siralt karma desen kullanimistir. Calismanin nicel
boyutunda on test-son test kontrol gruplu yari deneysel desen; nitel boyutunda ise durum c¢alismasindan
yararlanminmigtir. Calismaya basit seckisiz ornekleme teknigi ile belirlenen bir devlet okulunda 7. sinifa devam eden
49 égrenci dahil edilmistir. Aragtirmanin deney grubunda 25, kontrol grubunda 24 o6grenci yer almistir. Deneysel
miidahale 6 hafta siirmiistiir. Nicel veriler, akademik basart testi, Elestirel Diigiinme Egilimi Olgegi ve Inovasyon
Becerileri Olcegi ile nitel veriler ise yart yapilandirilmis goriisme sorulariyla elde edilmistir. Arastirma
sonucunda yapay zekd etkinliklerinin akademik basariyr ve inovasyon becerilerini onemli olgiide gelistirdigini,
ancak elestivel diigiinmeyi ders kitabi etkinliklerine kiyasla gelistiremedigini gostermistir. Goriismelerde
ogrencilerin yapay zekanin 6grenme igin algilanan avantajlarini, elestirel diisiinme ve yanls yonlendirmelere
doniik dezavantajlarmmi vurguladiklar: belirlenmistir. Arastirma sonucunda; Ogrenme ortamlarinda yapay
zekdadan 6grencilerin faydalanabilmesi icin siniflariin gerekli teknolojik cihazlarla donatilmasi, egitim icin
kullanilacak yapay zeka biiyiik dil modellerinin daha bilimsel ve giivenilir kaynaklar kullanilarak egitilmesi igin
ince ayarlamalarin yapilmast ve yapay zekd araglarmmin égrenme ortaminda ne tir farkl egitimsel rolleri
tistlenebilecegine iliskin ¢alismalarin yapilmasi ve drneklerin sunulmast énerilmistir.
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INTRODUCTION

The 21st century is an age in which the impact of innovative information technologies (IT) and
tools is most strongly felt. Undoubtedly, present technological changes and transformations are
reflected in educational environments. Striking developments in the software world have
increased the diversity of technologies that can be used in education. Such technologies have
become tools that complement or transform classical teaching methods. Recent years have
witnessed remarkable developments in Al technology. The integration of IT and Al tools into
educational environments plays a critical role in supporting teaching methods and achieving
targeted learning outcomes.

In educational settings, students are expected to achieve a number of goals. One of the most
important goals is to ensure cognitive development. The concept of academic achievement
comes to the fore at this point. Academic achievement also indicates the performance measures
for the target behaviour throughout the learning process. Many factors, such as physical, mental,
and socioeconomic levels, influence academic achievement, and technological developments
are among these factors (Byrnes, 2011). Thus, academic achievement develops under the
influence of various variables and is an important outcome in terms of the use of technology in
education.

In addition to academic achievement, thinking skills are vital in educational practice. In modern
education systems, curricula are focused on cultivating students who are capable of both critical
thought and productive output (Seferoglu & Akbiyik, 2006). The four fundamental essential
21st-century skills, i.e., critical thinking, creativity, communication, and collaboration, are
central to this goal (Spector & Ma, 2019). The term ‘critical’ in critical thinking originates from
the Latin ‘criticus’ derived from the Greek word ‘kriticos’ (Alkin-Sahin & Tunca, 2015;
Sengekerci & Bilgin, 2008). Critical thinking requires multi-dimensional thinking in the process
of acquiring information and the ability to think mentally and emotionally effectively
(Akmoglu, 2001, p. 20). Ennis (1991) defines critical thinking as analysing arguments through
basic thinking processes and logical reasoning by taking into account assumptions and
prejudices. Similarly, El¢i et al. (2020) define critical thinking as the logical interpretation of
complex events and situations based on evidence and accurate grounds, while recognising
prejudices and stereotypes (p. 3318). Critical thinking is one of the sine qua non of scientific
development, and by extension, education. However, traditional schooling often fails to foster
the development of critical thinking (Spector & Ma, 2019). Thus, most researchers and
educators advocate for the integration of critical thinking into educational curricula (Hatcher,
2013). Critical thinking skills also play a pivotal role in the adoption and dissemination of
technological tools in educational settings. They have significantly contributed to the expansion
of technology use in education (Evcim & Topsakal, 2019; Schooner et al., 2017). Nevertheless,
the potential of technological innovations to enhance critical thinking in education has largely
been overlooked. Rusandi et al. (2023) pointed out that today, one of the main focuses is on
how Al can improve critical thinking skills while improving learning and research. Therefore,
it is reasonable to assert that critical thinking is intricately linked to Al-supported educational
activities, and this connection warrants further investigation.

Considering the use of Al technologies in education, the concept of innovation is also of great
importance. Innovation is often associated with novelty and can be defined as a new idea,
product, or service that provides societal benefits (Nakano & Wechsler, 2018). The term
originates from the Latin ‘innovatus’, which means to renew (Kocabasoglu, 2023, p. 11).
Innovation skills involve thinking outside the box, heightened awareness, authenticity,
sociability, and openness to productivity (Aras, 2020, p. 9; Koyuncuoglu, 2021, pp. 105-106;
Ozmusul, 2012, p. 732). It can be argued that the concepts of education and innovation are
inherently connected, as innovation plays a critical role in transforming educational
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environments in terms of processes, opportunities, and curriculum (Kelesoglu & Kalayci,
2017). Contemporary frameworks such as Industry 4.0 and Education 4.0 are indicative of the
effectiveness of innovation skills (Gonzalez-Perez & Ramirez-Montoya, 2022). The Ministry
of National Education Social Studies Curriculum also emphasises innovative thinking skills
(MEB, 2018a). In particular, the learning outcomes in the ‘Global Connections’ and ‘Science,
Technology and Society’ units focus on fostering innovative thinking. Similarly, creative
thinking is also featured in the Science Curriculum, and from an interdisciplinary perspective,
promoting innovation skills in educational settings is essential (MEB, 2018b).

1.1. Historical Development of Artificial Intelligence

Al has undergone various transformations throughout history. According to some sources, an
automaton chess player named ‘The Turk’ invented by Wolfgang von Kempelen in the 18th
century is considered one of the first inventions using machine intelligence, although there is
no conclusive evidence of whether it is an example of Al (Artut, 2019). During the Second
World War, the British mathematician Alan Turing used the intelligence of machines to break
the ‘Enigma’ code, an effective weapon of the German army. With his invention, Turing
launched the first modern attempt to develop Al (Haenlein & Kaplan, 2019).

The term Al was first coined in 1956 by scientist John McCarthy, who was part of a research
team funded by the Rockefeller Foundation (Andresen, 2002). McCarthy defined Al as the
ability of computers to perform metacognitive skills such as reasoning, generalisation, problem-
solving, and inference-making. In the 1960s, the natural language processing program ‘ELIZA’
that increased the functionality of computers was developed by Joseph Weizenbaum in the Al
laboratories at the Massachusetts Institute of Technology (MIT) (Arslan, 2020). The “physical
symbol system hypothesis (PSSH)”” was introduced by Allen Newell and Herbert A. Simon in
the 1970s constituted a philosophical milestone in the conceptualisation of Al (Yesilkaya,
2022).

To date, ELIZA created by Joseph Weizenbaum at MIT in 1966, PARRY implemented by
Kenneth Colby in 1972, ALICE developed by Richard Wallace, SmarterChild, developed by
ActiveBuddy in 2001, IBM’s Watson in 2011, and Google Duplex introduced in 2018, have
marked key moments in the evolution of natural language processing and machine learning
algorithms, which are the first examples of chatbots that provide human-like responses
(Labadze et al., 2023). Large language models (LLM) such as Microsoft Copilot, ChatGPT,
Claude, DeepSeek, Gemini, Grok, Llama, and Mistral have led a quiet revolution in Al For
example, ChatGPT reached more than 100 million users within two months of its release (Guo
& Wang, 2023). Al technology has developed in many different areas. Today, traces of Al are
visible in many social and digital fields, including medicine, industry, engineering, psychology,
architecture, art, and education. Autonomous devices, smart software, and technologies that
make human life easier in every sense are the reflections of Al

It is possible to say that artificial intelligence technologies have an important place in today's
educational environments. It is inevitable that the innovations brought about by this constantly
evolving technology will permeate education. Roll and Wylie (2016, p. 583) draw attention to
this situation and state that educational environments and applications must work together to
keep pace with this transformation. However, artificial intelligence applications are changing
and innovating every day. For educational integration, it is important for education stakeholders
to learn about these changes and the basic use of artificial intelligence.

Artificial intelligence technologies, therefore, have significant potential for learning and
teaching activities (Huang et al., 2021; Sollner et al., 2025). This situation has made it inevitable
that Al will be used more frequently in educational environments to observe its effects (Qian et
al., 2025). When considering artificial intelligence technologies in educational environments in
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the literature, they are generally grouped under three headings: Intelligent tutoring systems
(Incemen & Oztiirk, 2024), expert systems (Arslan, 2020), and chatbots, i.e., dialogue-
based systems (Baris, 2020). The generative artificial intelligence (LLM) tools we focus on
in this study are also included in dialogue-based systems. LLM tools incorporate individual
and group contributions from the perspective of educators and learners in the learning process
(Chu et al., 2025). Additionally, it can be said that LLM tools have made educators' roles
easier and positively influenced design-oriented active learning processes (Bozkurt, 2023).
LLMs have had a significant impact in the field of education. LLMs can recognise, classify,
and summarise texts, make inferences, generate creative content, translate, write code, and
provide informative answers to questions based on information from large data sets. LLMs
use the dataset they were trained on to predict the most likely sequence of words that could
resemble a human response, thereby answering questions (Crawford et al., 2023).

LLMs are a subset of generative Al technologies. Generative Al is not limited to text
production; it can also generate new information from different modalities, such as visuals and
sounds. Farrokhnia et al. (2024) conducted a SWOT analysis to explore the effects of such
software in educational environments and highlighted that, despite its possible threats and
weaknesses, the successful integration of Al in education is essential due to its many learning-
enhancing features and the fact that today’s students are digital natives. Similarly, Baidoo-Anu
and Owusu-Ansah (2023) emphasised the necessity of Al integration into education, given the
growing importance of internet-based remote access opportunities in education, especially since
the COVID-19 pandemic. Thus, it is evident that LLMs occupy a key place in educational
environments.

One of the most well-known LLM-based applications is ChatGPT. Developed by OpenAl, this
software was released in 2020 under the name GPT-3, and a paid version called GPT-4 was
launched in 2023. ChatGPT offers innovative opportunities in learning and teaching processes,
providing students and teachers with an application environment that reduces potential risks
through fast, effective, and activity-based learning (Rudolph et al., 2023).

The Al-powered chatbot within Microsoft's Bing search engine is based on large language
models (LLMs) and includes several advanced features. Initially introduced as "Bing Chat," the
tool was later rebranded as "Microsoft Copilot" as part of Microsoft’s broader strategy to
integrate Al across its platforms. Copilot became one of the most up-to-date implementations
by incorporating additional layers on top of OpenAl's foundational GPT-4 model through its
"Prometheus Model". This Prometheus system utilises a component called the "Orchestrator"
to combine the Bing search index and results with the capabilities of GPT-4. Copilot
distinguishes itself with key capabilities such as maintaining context in multi-turn
conversations, the ability to analyse external content (e.g., an article), and providing responses
with up-to-date information through real-time web access.

Considering that Al technologies have gained ground in many fields today, their use in
educational environments has been studied from a diversity of perspectives. The volume of
studies focusing on Al has significantly increased,with bibliometric analyses revealing a
particularly sharp surge in publications since 2018 (Karaca & Kilcan, 2023). Tapan-Broutin
(2023) conducted a qualitative study to explore the LLM user experiences of pre-service
mathematics teachers. Celik (2023) developed a scale to measure teachers’ knowledge of Al-
based instruction in terms of technological, pedagogical, and content knowledge. In their
quantitative study with 215 teachers, Choi et al. (2023) examined the pedagogical acceptance
of educational Al tools using structural equation modelling. In their thematic qualitative study,
Chiu and Chai (2020) explored teachers’ opinions about the suitability of Al tools for the school
curriculum. Perkins (2023) addressed the issue of generative Al software within the context of
academic integrity. Apart from those stated above, the literature also includes empirical
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research (Chocarro et al., 2023; Dogan et al., 2021) and theoretical discussions (Akgun &
Greenhow, 2022; Alharbi, 2023; Cooper, 2023; Crompton & Burke, 2023; Fraiwan &
Khasawneh, 2023; Lim et al., 2023; Lo, 2023; Siegle, 2023; Yang, 2022). However, no mixed-
methods research has been found that experimentally examines the effects of LLMs on
academic achievement, innovation, and critical thinking in the educational environment.

Some scholars have pointed out that some teachers may become overdependent on LLMs,
which could adversely impact students’ creativity, critical thinking, and problem-solving skills
(Kasneci et al., 2023). Apart from such assumptions, the questions of how teachers can use Al
and how LLMs impact education have not been adequately investigated. Thus, there is a certain
need for empirical research on this topic (Askun, 2023; Guo & Wang, 2023; Isler & Kilig, 2021;
Jeon & Lee, 2023; Labadze et al., 2023; Oksanen et al., 2020; Rahman & Watanobe, 2023;
Williamson, 2020). In a report on Al and mobile learning, UNESCO (2019) also underlined the
encouragement of experimental research on how to integrate educational technologies in school
education within the framework of the 2030 goals in education.

1.2. Current Study

Fostering innovation skills in educational environments is of key importance to adapt to and
manage the rapid advancements in technology. This is because different problems are likely to
arise in this process. Wrahatnolo and Munoto (2018) pointed out the need to investigate the use
and impact of innovation skills and other 21st-century skills in educational settings, together
with educational strategies and technologies, and they emphasised that this is important for the
proper management of the process. A recent study by IBM emphasised that many people need
new skills, especially on a sectoral basis, and innovation skills soon come to the fore as a result
of the effectiveness of Al (Solimano, 2023). Thus, it is of utmost importance to evaluate
innovation in education and the requirements and outcomes of innovation skills. There is a need
to explore how to use and improve innovative thinking in educational environments, which has
evolved with the introduction of Al

Several factors influence students’ academic achievement. Ozer and Sar1 (2009) noted that
academic achievement is affected by the quality of education, which is shaped by many
variables such as environmental, cultural, socioeconomic, familial, and health factors, as well
as by the increasing use of technological innovations. Digital and technological competences
have a boosting effect on academic achievement. IT, especially Al technologies, contribute to
academic achievement (Isler & Kilig, 2021; Jiao et al., 2022; Ulum, 2022). Thus, the
widespread, effective, and proper use of Al tools in educational environments can reduce
shortcomings and deficiencies that hamper academic achievement.

Unlike the case with academic achievement, it is hard to ascertain that IT and Al tools positively
affect critical thinking processes. Despite the ongoing controversy in the literature, the general
belief is that the frequent use of Al tools in educational environments negatively affects
students’ critical thinking skills (Bozkurt, 2023; Sagin et al., 2023; Spector & Ma, 2019). Thus,
it is important to carry out new research, especially in educational environments and integrate
Al tools into the learning process. Zhai (2022) argued that Al software such as ChatGPT has
positive effects in many ways; however, the integration of such tools should be well managed,
especially in terms of critical and creative thinking skills. Although Al-supported tools make
student-oriented teaching and assessment processes more systematic and efficient (Chassignol
et al., 2018), they may create some disadvantages for creative, reflective, and critical thinking,
which are the intellectual processes of the human mind (Coskun & Giilleroglu, 2021; Karakog-
Keskin, 2023). Therefore, the proper and effective use of Al is critical. Considering that
traditional teaching methods have come to be inadequate in many aspects, developments in IT
prove the necessity of using Al tools in education (Chen et al., 2020; Kouzov, 2019). Thus, it
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seems that Al technologies and Al-supported teaching activities will soon have an important
position in education; thus, new research on these issues is of key importance.

This research aimed to explore the effects of Al-supported activities on middle school students’
academic achievement, critical thinking, and innovation skills in social studies classes. As a
mixed-methods study, it holds the potential to make a significant contribution to the literature
by examining the impact of LLMs on the learning environment. In line with this aim, the
following research sub-questions were formulated:

1. Is there a significant difference between the experimental group’s pretest and posttest mean
scores on the Academic Achievement Test (AAT)?

2. Is there a significant difference between the control group’s pretest and posttest mean scores
on the AAT?

3. Is there a significant difference between the experimental and control groups in their adjusted
posttest means on the AAT?

4. Is there a significant difference between the experimental group’s pretest and posttest mean
scores on the Critical Thinking Disposition Scale (CTDS)?

5. Is there a significant difference between the control group students’ pretest and posttest mean
scores on the CTDS?

6. Is there a significant difference between the experimental and control groups in their posttest
mean scores on the CTDS?

7. Is there a significant difference between the experimental group’s pretest and posttest mean
scores on the Innovation Skills Scale (ISS)?

8. Is there a significant difference between the control group’s pretest and posttest mean scores
on the ISS?

9. Is there a significant difference between the experimental and control groups in their posttest
mean scores on the ISS?

10. How do the qualitative data help explain the quantitative findings regarding the effects
of Al-supported activities on academic achievement, critical thinking, and innovation skills?

2. METHODS
2.1. Research Design

This research collected quantitative and qualitative data to examine the effects of Al-supported
activities on academic achievement, critical thinking, and innovation skills. For this purpose,
an explanatory sequential mixed-methods design was used. The quantitative phase utilised a
quasi-experimental pretest-posttest control group design, while the qualitative phase followed
a case study approach. The independent variable in the study was the use of Al-supported
activities, whereas the dependent variables were academic achievement, innovation skills, and
critical thinking disposition.

2.2. Sample

The sample was selected using simple random sampling and consisted of 7th-grade students
enrolled in two different sections of a public school. Table 1 shows the demographics of the
sample group.
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Table 1. Demographics of the sample

Gender Age Experimental Control Total
Girls 12 ) ! i
13 5 8 13
14 - - -
12 2 2 4
Boys 13 13 10 23
14 1 - 1
Total 25 24 49

Table 1 presents the demographic information of 25 students in the experimental group and 24
students in the control group. The participants were aged between 12 and 14 years. The
qualitative data were collected through semi-structured interviews with eight students (four
girls and four boys) from the experimental group.

2.3. Data Collection Tools

The data were collected using four instruments: the Academic Achievement Test (AAT)
developed by Toy and Akpmar (2020), the Critical Thinking Disposition Scale (CTDS)
developed by Yildirim-Doner and Demir (2022), the Innovation Skills Scale (ISS) originally
developed by Chell and Athayde (2009) and adapted into Turkish by Akkaya (2016), and a set
of semi-structured interview questions developed by the researcher.

The AAT developed by Toy and Akpinar (2020) is designed to measure students’ attainment
of the learning outcomes in the “Global Connections” unit, which is also the focus of the present
research. The test involves 25 multiple-choice questions. The KR-20 reliability coefficient of
the test was reported as .850, indicating high internal consistency.

The CTDS, developed by Yildirim-Déner and Demir (2022), measures middle school
students' tendencies toward critical thinking. The scale consists of 21 items, each rated on a 5-
point Likert scale ranging from always to never. The minimum and maximum scores are
21 and 105, respectively. The scale's overall Cronbach's alpha reliability coefficient was
calculated as .87. It consists of three factors: dialectical thinking (e.g., “My main goal in the
thinking process is to reach the truth”), tendency (e.g., “I use critical thinking in my daily
life”’), and analysis (e.g., “I can sense bias in a sentence”). Since the scale was subjected to
second-order confirmatory factor analysis, the total score is available for statistical
analysis. Researchers conducted second-order confirmatory factor analysis on a different
sample to test model fit. The analysis revealed that the model fit was within an acceptable
range and the scale structure was validated (Y1ldirim-Doéner & Demir, 2022).

The ISS developed by Chell and Athayde (2009) was adapted into Turkish by Akkaya (2016).
The scale was developed to measure innovation skills. The adaptation study was conducted
with 7th-grade students. Items are scored using a 5-point Likert scale (strongly agree to strongly
disagree), and the total score ranges from 31 to 155. The scale consists of five factors: creativity
composed of six items (e.g., I want my classes to include many different creative activities),
leadership composed of six items (e.g., I like to be the leader of a group), energy composed of
seven items (e.g., I really push myself to get good grades), self-efficacy composed of eight
items (e.g., I was raised to be able to make my own decisions), and risk-taking tendency
composed of four items (e.g., I would not take a risk for an activity that might prevent me from
getting good grades at school) (Akkaya, 2016).
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The researcher formulated semi-structured interview questions to analyse the experimental
intervention process in greater depth. The interview form consisted of eight open-ended
questions. Expert feedback was obtained from two experts in social studies education, two in
measurement and evaluation, and two in Turkish language teaching. The questions were then
revised based on expert suggestions to ensure clarity and content validity.

2.4. Experimental Procedure

While artificial intelligence-supported activities were implemented in the experimental group,
the control group followed the activities in the standard social studies textbook. The
experimental procedure lasted six weeks and focused on the “Global Connections” unit of the
7th-grade social studies curriculum. The global connections learning area focuses on solving
global issues at the 7th-grade level of social studies and is based on the concept of global
citizenship, which emerges from the scientific processes involved (Dere &Ugar, 2020). In the
literature, various studies have shown that artificial intelligence tools have a significant impact
on students' global citizenship connections (Cathrin et al., 2024; Swarts, 2020). For this reason,
students' academic achievements, critical thinking, and innovation skills, which have been
transformed by the influence of artificial intelligence, have been examined based on the topics
of the global connections unit, and the aim has been to observe the research results in terms of
their becoming effective citizens.

The Al-based activities implemented in the experimental group were designed with the support
of Microsoft Copilot, an LLM-powered tool. Rahman and Watanobe (2023) highlighted that
educators can utilise large language models (LLMs) to prepare outlines for specific courses or
subject content. LLMs offer various capabilities, including generating instructional content that
benefits both teachers and students (Agarwal et al., 2023; Naidu & Sevnarayan, 2023). In this
context, Microsoft Copilot was used to assist in lesson planning. First, relevant sections of the
textbook and information about the curriculum’s learning outcomes were provided to the
system. Then, it was prompted to design weekly lesson plans and corresponding activities based
on an appropriate learning approach. Microsoft Copilot recommended project-based learning
for teaching the unit. Based on the feedback and suggestions generated by Microsoft Copilot, a
six-week instructional plan was developed and implemented in the experimental group.

After obtaining the necessary ethical approval and research implementation permissions, the
study was conducted in a public middle school selected using simple random sampling.
Subsequently, school administrators and teachers teaching 7th-grade social studies and
technology design classes were given detailed information and asked for their opinions. There
were five separate 7th-grade sections in the school. After the administration of pretests, two
sections with similar mean scores were randomly assigned as the experimental and control
groups.

One week before the experimental procedure began, the researcher met with both groups in
their classrooms to provide information about the study and obtain their informed consent. The
researcher attended all sessions in both groups. Classes for the experimental group were
conducted in the information and technology classroom of the school. The experimental group
used Microsoft Copilot for the defined activities. In this context, the students had the
opportunity to use the Al software during lessons whenever they wanted. In contrast, the control
group followed the regular textbook-based instruction in their standard classroom.

The “Global Connections” unit was selected for this study due to its rich content and potential
to enhance students’ academic achievement, critical thinking, and innovation skills. Table 2
provides detailed information about the unit.
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Subject Title | Content Poss1bl.e achievements Explanation
and skills
Turkey and the Turkey’s foreign | Academic achievement, It helps students learn about
World policy and role in | critical thinking, innovation Turkey’s foreign policy and
international international relations. Relations
organizations between countries can help foster
critical and creative thinking and
problem-solving skills.
Thriving Turkey Turkey’s relations | Academic achievement, Academic achievement in
with economic critical thinking economic knowledge and
zones and economic development enables
organizations the development of critical
thinking skills through the
organizations in which countries
participate in line with their
economic interests.
False Facts We Cultures of Academic achievement, Getting to know diverse cultures,
Think Are True different countries | critical thinking respecting differences,
and stereotypes questioning stereotypes, and
proposing solutions to problems
are important for critical thinking.
Solutions to Global problems Academic achievement, This section encourages students
Today’s World such as natural critical thinking, innovation to think about these problems and
Problems disasters, climate undertake projects and activities
change, hunger, to bring effective solutions to the
terrorism, and problems. This allows them to use
migration their critical thinking and
innovation skills.

2.5. Data Collection and Analysis

Within the scope of the research, the experimental implementation, data collection, and
interviews were carried out by the researchers. The interviews were conducted by the researcher
in a quiet and distraction-free classroom at the school. Prior to the interviews, each student was
informed in detail about the purpose of the interview, and their voluntary consent was obtained
for audio recording. The interviews lasted approximately 62 minutes in total. Following the
interviews, the recordings were played back for the students, who were then asked whether they
had anything to add; final approval was obtained for the use of their responses. For the citation
of interview findings, male students were coded as B (Boy) and female students as G (Girl),
and they were numbered according to the interview sequence (e.g., B1, G1).

The interview data were transcribed using Microsoft 365 Word software and subsequently
subjected to content analysis using the MAXQDA 2020. During the content analysis, codes,
categories, and themes were generated. For the analysis of quantitative data, SPSS 23.0 and
Microsoft 365 Excel were utilised. All data were analysed independently by the researcher and
a doctoral student.

To determine the appropriate statistical tests for the quantitative data, normality tests were
conducted. The normality of the data was assessed by examining whether the skewness and
kurtosis values fell within the acceptable range of £1.96 or not (Can, 2020).
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2.6. Ethical Approval

This study has been conducted in full compliance with ethical principles throughout all stages,
including the development of the conceptual framework, data collection, data analysis, and
interpretation. The Editorial Board of the JANCR Journal holds no responsibility for any ethical
violations that may arise; all responsibility lies with the authors. I certify that this study has not
been submitted for evaluation in any other academic publication outlet besides the JANCR
Journal. All rules specified in the "Directive on Scientific Research and Publication Ethics of
Higher Education Institutions" have been strictly followed. None of the actions listed under the
second section of the directive, titled "Violations of Scientific Research and Publication Ethics,"
has been committed. Ethical approval for this research was obtained from the Education
Research Ethics Committee of Aydin Adnan Menderes University with the resolution
numbered VII at the 2024/3 meeting held on 03.04.2024.

3. FINDINGS

3.1. Findings Related to the First Sub-Problem

To determine whether there was a significant difference between the pretest and posttest mean
scores of the experimental group on the AAT, a dependent samples t-test was conducted, as the
data met the assumption of normality. The results of the analysis are presented in Table 3.

Table 3. Dependent samples t-test results for the experimental group’s pretest and posttest mean
scores on the AAT

Group Test N X SD t df p Cohen’s d
Experimental | Pretest | 25 12.96 5.18
Posttest | 25 17.00 5.27

-7.90 24 .000% | .77

*p<.05

experimental group on the AAT increased statistically significantly from 12.96 to 17.00.
Additionally, the effect size of the difference was large [t(24) = -7.90; p < .05; Cohen’s d =
7.

3.2. Findings Related to the Second Sub-Problem

To examine whether there was a significant difference between the pretest and posttest mean
scores of the control group on the AAT, a dependent samples t-test was conducted, as the data
were normally distributed. The results are presented in Table 4.

Table 4. Dependent samples t-test results for the control group’s pretest and posttest mean
scores on the AAT

Group Test N | X SD t df |p Cohen’s d
Control Pretest 24 | 12.88 3.72
-97 23 |.345 -
Posttest 24 13.46 3.93

*p<.05

As can be seen in Table 4, the mean scores of the control group on the AAT increased from
12.88 in the pretest to 13.46 in the posttest. However, this increase was not statistically
significant, indicating that the textbook-based activities implemented in the control group did
not result in a meaningful improvement in academic achievement [t(23) =-.97; p > .05].
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3.3. Findings Related to the Third Sub-Problem

To examine whether there was a significant difference between the experimental and control
groups in their adjusted posttest mean scores on the AAT, an analysis of covariance
(ANCOVA) was conducted, as the data met the assumption of normality and other relevant
statistical assumptions. The results are presented in Table 5.

Table 5. ANCOVA results for the adjusted posttest means of the experimental and control
groups on the AAT

Dimension Source of Variance SS df | MS F p n2
Pretest 686.581 1 | 686.581 |94.17 | .000*
Group 147.419 1 | 147.419 |20.22 | .000*
Overall Test 305
Error 335.378 46 | 7.291
Sum 1.169,378 | 48
*p<.05

The ANCOVA results showed that the adjusted posttest means of the experimental group
(Xexperimental = 16.97) were significantly higher than those of the control group (Xcontrol =
13.50). This difference was statistically significant and represented a large effect size [F(1, 46)
=20.22; p <.05; n2 =.305].

3.4. Findings Related to the Fourth Sub-Problem

To examine whether there was a significant difference between the pretest and posttest scores
of the experimental group on the CTDS, the Wilcoxon signed-rank test was conducted because
the posttest scores were not normally distributed. The results are presented in Table 6.

Table 6. Wilcoxon signed-rank test results for the experimental group’s pretest and posttest
scores on the CTDS

Test Dimension | Groups N | Xrank drank | Z p r
Negative |} o1 15 g 205.00
ranks
Positive

Pretest-Posttest | Overall ranks 9 | 1333 120.00 | _1.14 | 253 | -
Ties 0
Total 25

*p<.05

According to the results of the Wilcoxon signed-rank test, the Al-supported activities
implemented in the experimental group did not result in a statistically significant difference
between the pretest and posttest scores on the CTDS (Z =-1.14; p > .05).

3.5. Findings Related to the Fifth Sub-Problem

To examine whether there was a significant difference between the pretest and posttest scores
of the control group on the CTDS, the Wilcoxon signed-rank test was conducted, as the posttest
scores did not meet the assumption of normality. The results are presented in Table 7.
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Table 7. Wilcoxon signed-rank test results for the control group’s pretest and posttest scores
on the CTDS

Test Dimension | Groups N | Xrank | Yrank | Z p r
Negative ranks | 2 | 4.00 8.00
Positive ranks | 22 | 13.27 | 292.00
Pretest-Posttest | Overall T 5 -4.06 | .000* | .83
ies

Total 24

*p<.05

According to the results of the Wilcoxon signed-rank test, the textbook-based activities
implemented in the control group resulted in a statistically significant difference between the
pretest and posttest scores on the CTDS. Additionally, the effect size of this difference was
large (Z =- 4.06; p < .05, r=.83).

3.6. Findings Related to the Sixth Sub-Problem

To examine whether there was a significant difference between the experimental and control
groups in their posttest scores on the CTDS, the Mann-Whitney U test was conducted, as the
posttest scores were not normally distributed. The results are presented in Table 8.

Table 8. Mann-Whitney U test results for the posttest scores of the experimental and control
groups on the CTDS

Test Dimension | Groups N | Xrank | Yrank | U Z P r
Experimental | 25| 16.34 | 408.50

Posttest | Overall Control 24 | 34.02 | 816.50 | 83.50 | -4.33 | .000* | .62
Total 49

*p<.05

According to the results of the Mann-Whitney U test, the experimental group students
obtained a lower posttest mean rank on the CTDS (16.34) compared to the control group
(34.02). The difference between the two groups was statistically significant in favour of the
control group students, and the effect size was large (U = 83.50; Z =-4.33; p <.05; r=.62).

3.7. Findings Related to the Seventh Sub-Problem

To determine whether there was a significant difference between the pretest and posttest mean
scores of the experimental group on the ISS, the Wilcoxon signed-rank test was conducted, as
the data did not meet the assumption of normality. The results are presented in Table 9.

Table 9. Wilcoxon signed-rank test results for the experimental group’s pretest and posttest
means on the ISS

Test Dimension | Groups N | Xrank | Yrank Z p r
Negative Ranks | 0 | 0.00 0.00
: Positive Ranks | 22 | 11.50 | 253.00
Pretest- | cativity 411 | .000% | 82
Posttest Ties 3
Total 25
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Negative Ranks | 0 | 0.00 0.00
Positive Ranks | 23 | 12.00 | 276.00
Leadership i -4.20 | .000* | .84
Ties 2
Total 25
Negative Ranks | 5 | 7.40 37.00
Positive Ranks 19| 13.84 | 263.00
Energy : -3.23 | .001* | .65
Ties 1
Total 25
Negative Ranks | 2 | 3.75 7.50
Self- Positive Ranks | 22 | 13.30 | 292.50
-4.08 | .000* | .82
efficacy Ties 1
Total 25
Negative Ranks | 4 | 5.75 23.00
s oleotale Positive Ranks 181 12.78 | 230.00
Risk-taking 337 | .001% | .67
tendency Ties 3
Total 25
Negative Ranks | 2 | 4.25 8.50
Positive Ranks | 23 | 13.76 | 316.50
Overall i -4.15 | .000* | .83
Ties 0
Total 25

*p<.05

According to the results of the Wilcoxon signed-rank test, Al-supported activities caused a
statistically significant positive difference in the experimental group’s mean scores on the total
ISS, with a large effect size (Z =-4.15; p <.05, r = .83). There were also statistically significant
positive differences across all sub-scales, with large effect sizes: the creativity sub-scale (Z = -
4.11; p<.05, r=.82), the leadership sub-scale (Z = -4.20; p < .05, r = .84), the energy sub-scale
(Z=-3.23; p<.05,r=.65), the self-efficacy sub-scale (Z =-4.08; p < .05, r =.82), and the risk-
taking tendency sub-scale (Z =-3.37; p <.05, r=.67).
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3.8. Findings Related to the Eighth Sub-Problem

To examine whether there was a significant difference between the pretest and posttest mean
scores of the control group on the ISS, a dependent samples t-test was conducted, as the data
met the assumption of normality. The results are presented in Table 10.

Table 10. Dependent samples t-test results for the control group’s pretest and posttest
means on the ISS

Dimension | Test N X SD t df p Cohen’s d

Pretest | 19.63 24 6.04
Creativity -.26 23 .799 -
Posttest | 20.08 24 7.25

) Pretest | 14.54 24 2.96
Leadership -2.04 23 053 -
Posttest | 17.00 24 4.49
Pretest | 23.71 24 8.28
Energy 49 23 627 -
Posttest | 22.71 24 6.89
Self- Pretest | 23.75 24 6.44

efficacy Posttest | 25.71 24 7.60

-1.03 23 316 -

Risk-taking | Pretest 12.71 24 2.74
tendency Posttest | 13.21 24 3.80

Pretest | 94.33 24 24.69
Overall -.61 23 .546 -
Posttest | 98.71 24 26.15

-51 23 615 -

*p<.05

As can be seen in Table 10, the mean scores of the control group students on the ISS
increased from 94.33 to 98.71. However, this difference was not statistically significant [t(23)
=-.61; p > .05]. Although the increases were not statistically significant, the mean scores also
increased. Similarly, increases were observed in the mean scores for some sub-scales, but
none of these changes reached statistical significance: from 19.63 to 20.08 for the creativity
sub-scale [t(23)=-.26; p>.05], from 14.54 to 17.00 for the leadership sub-scale [t(23)=-2.04;
p>.05], from 23.75 to 25.71 for the self-efficacy scale [t(23)=-1.03; p>.05], and from 12.71 to
13.21 for the risk-taking tendency sub-scale [t(23) =-.51; p > .05]. The mean score decreased
from 23.71 to 22.71 for the energy sub-scale; however, this difference was also not
statistically significant [t(23) = .49; p > .05].

3.9. Findings Related to the Ninth Sub-Problem

To examine whether there was a significant difference between the posttest mean scores of
the experimental and control groups on the ISS, the Mann-Whitney U test was conducted, as
the posttest scores of the experimental group were not normally distributed. The results
are presented in Table 11.
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Table 11. Mann-Whitney U test results for the posttest scores of the experimental and control
groups on the ISS

Test Dimension | Groups | N | Xrank | Yrank U Z p r

Exp. 25 | 31.04 776.00
Posttest | Creativity Control | 24 | 18.71 449.00 149.00 | -3.04 | .002 | .43
Total 49

Exp. 25 |30.86 771.50
Posttest | Leadership | Control | 24 | 18.90 453.50 153.50 | -2.94 | .003 | 42

Total 49
Exp. 25 | 31.32 783.00
Posttest | Energy Control | 24 | 18.42 442.00 142.00 -3.17 | .002 | 45
Total 49
Exp. 25 130.78 769.50
Posttest Self- Control | 24 | 18.98 455.50 155.50 | -2.90 | .004 | .41
efficacy
Total 49

Exp. 25 |30.52 763.00

Risk-taking

Posttest Control | 24 | 19.25 462.00 162.00 | -2.78 | .005 | .40
tendency
Total 49
Exp. 25 [131.92 798.00
Posttest | Overall Control | 24 | 17.79 427.00 | 127.000 | -3.46 | .001 | .49
Total 49
*p<.05

According to the test results, the mean rank of the experimental group on the ISS (31.92) was
higher than that of the control group (17.79). The difference was statistically significant, with
a moderate effect size (U = 127.00; Z =-3.46; p <.05; r = .49). Likewise, the mean ranks of the
experimental group were higher than those of the control group across all sub-scales, and the
effect sizes of the differences were also moderate.

3.10. Findings Related to the Tenth Sub-Problem

In this part of the research, middle school students’ views about Al-supported social studies
instruction were explored. The data collected through semi-structured interviews were used to
help interpret the quantitative findings. The qualitative data were analysed through inductive
content analysis to generate codes, categories, and themes. Students’ views about Al-supported
social studies instruction were subsumed under two overarching themes: ‘Advantages’ and
‘Disadvantages’. There were ten categories under the two themes. The ‘Advantages’ theme
involves six categories (academic achievement, thinking processes, education, daily life,
motivation, and use of Al), and the ‘Disadvantages’ theme involves four categories (difficulties
in use, critical thinking, misdirection, and not a substitute for the teacher).

The academic achievement category under the theme of advantages involves the following
codes: facilitating learning (in social studies and other courses), research, learning information
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(topics in the Global Connections unit), and conceptual knowledge. The interviewed students
stated that the experimental process improved them, especially in terms of their research skills.
For example, G1 stated, “For example, we did scientific research, didn't we? We learned how
to do scientific research, and we learned how to access accurate sources.” B1 expressed, “I was
able to get more comprehensive information with Al, whereas I normally got less information
when I did research.” With respect to the category of facilitating learning, it was observed that
students adopt Al processes for social studies and other courses and find them useful, as is clear
in the remarks of B1: “I can use artificial intelligence in other courses such as Mathematics,
Science, and Turkish.” The code of conceptual knowledge can be exemplified by G2 saying,
“Our conceptual knowledge has also improved Al courses.” Likewise, the following remarks
of B1 are indicative of the positive effect of Al-supported activities on the learning of the topics
in the Global Connections unit, stating: “First, I had a hard time using the app, but later Al
made it easier for me to learn G20, global warming, and natural disasters.”

The thinking processes category under the theme of advantages involves the following codes:
gaining a perspective for the future, technology-driven thinking, new and innovative, scientific
learning processes, and creativity. It was observed for this category that students especially
emphasise the novelty and innovative nature of Al. For example, B4 stated, “This process by
which we learned with Al led me to generate new ideas.” G4, on the other hand, stated, “In
general, we thought about new things.” G2 also expressed, “The activities we do with Al are
useful in developing my creative thinking and versatile perspective.” Their remarks indicate the
effect of Al-supported activities on their thinking processes. G3 mentioned the advantage of Al
for scientific learning processes, stating, “My research and scientific thinking skills have
improved. I saw that I improved my scientific learning knowledge by researching myself.”

The education category under the theme of advantages has the highest number of codes:
technology literacy (learning to use computers, digital knowledge, internet literacy, knowledge
oftechnology, and knowledge of writing), learning (facilitating education, awareness, visuality-
appeal, homework, and learning environments), and guiding learning. The impact of Al on
technology literacy can be illustrated by G2 saying, “For example, I did not know much about
saving files. And I learned it, and I am more competent now. We are more competent when we
are preparing a presentation for a class. And we know more.” What B2 stated is also
remarkable: “During the class, a classmate copied and pasted, and some parts were left in
English. We saw how wrong copy-paste was.” In the learning category, the facilitating role of
Al can be seen in the comments of G1, who stated, “A4/ should be used in classes because it has
a facilitating aspect.” B2 also mentioned the impacts of Al in learning environments, stating,
“It also improved our level of knowledge. I realised that I learned the subject better after we
did Al-supported activities.” B4 also emphasised the guiding aspect of Al for learning, stating,
“Al is useful because it teaches. It is like a teacher.”

Another category under the theme of advantages is daily life. In this category, students stated
that Al can also be applied and beneficial in everyday contexts. G3 remarked, “Maybe it can
help with housework, such as recipes.” Likewise, B3 emphasised the impact of Al in daily life,
noting, “I plan to use Al in daily life to learn more.”

The motivation category under the theme of advantages includes the following codes:
encouragement and motivation, happiness, excitement and curiosity, and effectiveness and fun.
The positive effects of Al on learning processes, as well as factors affecting motivation, were
highlighted under this category. B1, for example, commented, “It took us a while to get used to
it because it was the first time we used it. But it was a nice process, and it was fun to have
classes with Al and the computer.” G4 reflected, “Normally, I rarely do research. Thanks to
this project, my interest in studying and researching has increased, and I can say that it

932



Arikan, A. 9(4), 2025, 917-950.

encourages and excites me in this sense.” Likewise, B3 emphasised his increasing motivation
with Al-supported learning, stating, “I/t made me want to study more in social studies classes.”

The use of Al category under the theme of advantages includes the following codes: ethical use,
effective use, easy access, Al course, proliferation, and software. In this category, the students
especially emphasised the effectiveness of Al in educational contexts. G4, for example, stated,
“Al has benefited us in terms of easy and rapid teaching.” B2 remarked, “Thanks to AI, we can
easily access a scientific study or a school assignment in our classes.” B1 also noted, “We used
to take social studies in the classroom, but in this process, we had a more advanced class
because we learned with A1’ B3 also indicated the impact of generative Al software, noting,
“It helped me to do more research on applications such as Al on topics I did not understand. It
helped me with topics and vocabulary I did not understand in classes and homework.”

Four categories were subsumed under the theme of disadvantages: critical thinking, difficulties
in use, misdirection, and not a substitute for the teacher. The students expressed concerns that
Al may negatively affect critical thinking processes, pose challenges in initial use, mislead
learners, and cannot replace the role of the teacher. B2, for example, reflected, “If can guide us
more accurately if there is a teacher. As it does not put a limit on us in terms of critical thinking,
Al-supported teaching may have a negative effect on this process.” G4 commented, “I do not
think Al positively affects our critical thinking. I think we look more critically when we learn in
the regular way.” Likewise, B3 remarked, 7 do not think Al improved my critical thinking
skills.” They emphasised that Al may have a negative impact on critical thinking skills.
Additionally, the following remark of B1 illustrates the misdirection category: “The answers to
the questions we asked the Al were sometimes correct and sometimes wrong or meaningless,
and it was a bit strange.” B2 also stated, “Al is an effective learning tool, but it fails to create
the same interaction as the teacher does.”

4. DISCUSSION AND CONCLUSION

This research examined the effects of Al-supported activities on middle school students’
academic achievement, critical thinking disposition, and innovation skills by collecting both
quantitative and qualitative data. The findings revealed that the Al-supported activities
implemented in the experimental group led to a statistically significant increase in academic
achievement, with a large effect size. In contrast, the textbook-based activities in the control
group did not result in a statistically significant improvement. Furthermore, a statistically
significant difference was observed between the adjusted posttest means of the experimental
and control groups on the Academic Achievement Test, favouring the experimental group, with
a large effect size. These findings indicate that Al-supported instructional practices are more
effective in enhancing students’ academic achievement than traditional textbook-based
methods.

These results are largely consistent with earlier observations. Numerous studies have
demonstrated that Al applications in educational settings can directly or indirectly improve
students’ academic achievement and overall learning performance (Giilel et al., 2023; Karsenti,
2019; Kumar, 2019). In a meta-analysis study, Deng and Yu (2023) found that Al technologies
have a significant impact on learning outcomes, with a moderate to large effect size, regardless
of factors such as intervention duration, chatbot function, or learning content. Similarly, Garcia-
Martinez et al. (2023), in a systematic review and meta-analysis of 25 studies, concluded that
Al positively influences student performance and enhances student attitudes and motivation,
particularly in STEM disciplines. Sun and Zhou (2024) found that generative artificial
intelligence tools have a moderate positive effect on academic achievement. Their meta-
analysis revealed significant differences in some moderator variables, such as activity
categories, sample size, and generated content, while no significant differences were found for
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others, such as intervention duration, discipline types, and assessment tools. Chang et al. (2022)
also highlighted the effectiveness of Al-powered chatbots in supporting learning. They
emphasised that Al is effective because chatbots provide personalised learning opportunities to
students, and they offer an interactive learning mode where students can learn what they need
to learn according to their progress. In an experimental study with engineering students,
Bahgeci (2011) reported that those who used an Al-supported personalised learning portal
achieved higher posttest scores than students who received traditional instruction. Pertiwi et al.
(2024) concluded that artificial intelligence tools contributed to students' intrinsic motivation,
curiosity and autonomy skills in addition to academic achievement. In a case study with 184
students, Tapalova and Zhiyenbayeva (2022) explored the role of Al in building personalised
learning systems for students. They pointed out the possible social and ethical concerns that Al
may create and suggested that such a teaching approach has a positive effect on students’
academic achievement. Additionally, earlier studies have noted that Al-based tools play a
significant role in predicting academic performance and developing effective instructional
models (Alyahyan & Diistegor, 2020). Jeon and Lee (2023) similarly stressed the importance
of teachers integrating technology into instruction, suggesting that educators should adopt more
professional and adaptive roles in technology-enriched environments.

Al applications have the capacity to identify and address students’ misconceptions or
incomplete knowledge by activating prior knowledge (Lee et al., 2022). Today, Al-based
learning environments are being created in many countries and the positive contributions of Al
tools are being utilised (Forero-Corba & Bennasar, 2024). The integration of Al into education
can revolutionise traditional learning methods and improve student performance. Al
applications can track student progress and provide a personalised educational experience to
plan an intervention model needed for students. This allows students to easily adjust the
difficulty and pace of activities and learning materials according to their level (Abbas et al.,
2023). One key reason why Al improves student performance is its ability to centre the learning
process around the student (Garcia-Martinez et al., 2023). Integrating chatbots into education
increases student participation, helps achieve learning outcomes, and contributes to the
reduction of student stress (Perez et al., 2020). The interactive nature of LLMs also contributes
to making learning more engaging (Khan et al., 2023) and may even facilitate access to
education for learners with disabilities (Lyerly, 2023).

Despite the positive effects on academic achievement, the present study found that Al-
supported activities did not significantly improve students’ critical thinking disposition. In
contrast, the control group, which followed textbook-based instruction, showed a statistically
significant improvement in critical thinking, with a large effect size. Additionally, posttest
scores on the CTDS were significantly higher in the control group compared to the experimental
group, again with a large effect size. These findings suggest that traditional instructional
activities, as implemented in the social studies textbook, were more effective in fostering
students’ critical thinking disposition than the Al-supported activities. Several studies have
argued that the integration of Al-based activities and Al-supported tools into educational
settings may weaken students’ critical thinking skills (Kasneci et al., 2023; Lintner, 2024; Park
et al., 2021; Szmyd & Mitera, 2024; Senocak, 2020; Tapan-Broutin, 2023; Wach et al., 2023;
Zhai, 2022).

It is essential to consider not only the educational opportunities that LLMs offer, but also the
potential risks they pose (Yesilyurt et al., 2025; Inel & Cetin, 2025; Karakus, 2023). In this
regard, Ifenthaler et al. (2024) stated that the human factor should not be ignored in the use of
Al tools in education and that privacy-ethics, reliable algorithms and equity-justice challenges
should be taken into account, especially for policymakers and researchers in this field. In their
research with academics, Farazouli et al. (2024) argued that Al introduces a sense of
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unknowability in assessment practices and may even have destructive effects on critical
thinking evaluation. Similarly, Abbas et al. (2023) noted that Al-powered applications may
misinterpret unconventional student responses, leading to inaccurate assessments of students’
capabilities. The potential for misuse or over-reliance on Al tools is also a concern, as such
tools may encourage shortcut behaviours that are fundamentally opposed to the development
of critical thinking (Susnjak & MclIntosh, 2024). Crawford et al. (2023) stated that LLMs can
also be trained on incomplete, inaccurate, and low-quality data; thus, despite producing outputs
that may appear logical, they can provide factually incorrect information or false references.
LLMs are shaped by the data they are trained on. Therefore, their responses may include
prejudice, discriminatory language, and distorted perspectives (Labadze et al., 2023). LLMs
also have limitations, such as the inability to access many scientific databases that require
membership, and sometimes making incorrect mathematical calculations (Sullivan et al., 2023).
These issues point to a range of ethical concerns regarding the use of LLMs in education,
particularly with respect to the accuracy, reliability, and fairness of their responses (Labadze et
al., 2023).

Artificial intelligence models can be utilised to collect, analyse, assess, and predict students'
learning performance by accumulating various data such as personal background information,
academic performance, and verbal records (Reiss, 2021). While these models can optimise the
learning experience within the classroom, they also raise ethical concerns regarding data
privacy, including issues like personal information leakage, lack of informed consent, and the
right to be forgotten (Tang & Su, 2024). For these reasons, many researchers, including Rusandi
et al. (2023), emphasise the critical importance of maintaining critical thinking when using
artificial intelligence tools. It is quite natural for people to worry that AI might replace humans
and become uncontrollable (Epstein, 2016), and it is also natural for teachers to worry that Al
might take away their jobs. While these concerns are rising, it is important to integrate Al tools
into our daily lives in a user-friendly way to make people’s lives easier. Teachers must be
trained to use Al software effectively to equip future generations with these skills and to make
effective use of Al in their learning environment (Crompton & Burke, 2023). In doing so,
teachers should not deviate from the principles of academic honesty and should not put the act
of supporting students' original thoughts in the background (Alier et al., 2024).

Researchers have argued that developing critical thinking skills enables individuals to approach
Al-generated information rigorously, make sound decisions based on reliable information, and
use Al tools effectively across various fields. This calls for a balanced approach that considers
the ethical, social, and pedagogical aspects of Al use in education to minimise potential
negative consequences (Abbas et al., 2023). For example, Darwin et al. (2024) drew
attention to this situation in a study on English language learning and concluded that one
should be aware of the negative aspects as well as the positive aspects of artificial
intelligence tools while developing critical thinking tendencies. When using Al tools, it is
important for users to be aware of their limitations. Users should critically evaluate the
accuracy and objectivity of Al-generated information and analyses and always keep these
limitations in mind. Users should also be aware that LLMs may violate data privacy, security,
and ethical principles.

The findings revealed that Al-supported activities implemented in the experimental group led
to a statistically significant improvement in students’ innovation skills, with a large effect
size. On the other hand, textbook-based activities in the control group did not lead to any
significant improvement in innovation skills. Furthermore, a statistically significant
difference was observed between the experimental and control groups’ posttest scores on the
ISS, in favour of the experimental group, with a moderate effect size. These findings suggest
that Al-supported instructional strategies are more effective in enhancing students’ innovation
skills compared to traditional textbook-based approaches.
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Innovation skills are commonly associated with innovation and thinking and producing new
ideas. Al can help students produce novel solutions and develop innovative projects by
approaching problems from different perspectives. The literature also confirms the present
findings (Chang & Tsai, 2024; Cockburn et al., 2019; Demir-Diilger, 2023; Dengiz, 2023;
Soydemir-Bor & Alkis-Kiigiikaydin, 2021). Zhan et al. (2022) investigated whether Al-
powered product-oriented pedagogy has an impact on students’ creative and innovation skills.
They found that this pedagogy positively improved students’ creativity and innovation skills.
In their study with science teachers, Bayram and Celik (2023) showed the innovative benefits
of activity design with AL Oner (2023) focused especially on metaverse software and argued
that Al-supported activities can be employed for many learning outcomes in social studies
education. Similarly, Yetisensoy and Rapoport (2023) stated that Al tools can be integrated into
social studies to foster innovative learning experiences. Based on the findings of the present
study and the similar conclusions reached in prior research, it can be stated that instructional
activities supported by Al tools contribute significantly to students’ innovative thinking and
have the potential to broaden their innovation skill sets.

Wollny et al. (2021) noted that chatbots have the potential to function as educational tools that
enhance students’ problem-solving skills. Today, societies are increasingly engaged with
rapidly evolving Al technologies across various sectors, which underscores the growing
importance of innovation and innovative thinking (Verganti et al., 2020; Yavuz-Aksakal &
Ulgen, 2021). Thus, it can be said that Al is directly related to innovation, that is, the concept
of innovation. Especially in educational settings, LLMs can provide real-time support and
feedback to students. This can increase the efficiency and fluidity of the creative thinking
process by allowing students to access relevant information quickly and easily (Abbas et al.,
2023). Al can also take over some of the roles performed by teachers, assisting students in
understanding complex concepts using simplified language. Guo and Wang (2023) argued that
LLMs provide more balanced, more frequent, more comprehensive, and faster feedback to
students compared to teachers. The authors also emphasised that LLMs give students direct
guidance on what needs to be revised, while teachers give more indirect feedback. It is a fact
that LLMs give more complimentary feedback and motivate students more to do what they do.

According to the code-category-theme analysis conducted in the qualitative phase of the study,
most students emphasised the advantages of Al-supported education (f= 191), while a smaller
number pointed to its disadvantages (f = 27). Under the theme of advantages, six categories
were identified: education, academic achievement, motivation, thinking processes, use of Al,
and daily life. The theme of disadvantages comprised four categories: critical thinking,
misdirection, difficulties in use, and not a substitute for the teacher. The perceived benefits of
Al-supported education in enhancing academic achievement and improving learning
environments are also reflected in previous research (Bahgeci, 2011; Chen et al., 2022; Hooda
et al., 2022; Isler & Kilig, 2021). Additionally, Al applications have been shown to positively
influence cognitive processes and motivation-related factors (Hooda et al., 2022). In a
qualitative study with teachers, Parlak et al. (2023) found that Al and other innovative
technologies have grown in importance in terms of thinking skills and achievement factors,
together with the process of digital transformation in educational environments. Moreover, the
advantages of Al in daily life, as noted by students in this study, are similarly emphasised in
previous research (Atak, 2022; Dirican, 2015; Kim et al., 2022; Lee et al., 2023). In this context,
taken together, the interview findings suggest that Al-supported activities contribute to
students’ academic achievement and innovation skills and make the learning environment
interesting and engaging.

Looking at students’ views subsumed under the theme of disadvantages, the prevailing view
was that Al-supported teaching would weaken critical thinking and mislead students. Several
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studies have also addressed similar concerns (Demir-Diilger, 2023; Dogankaya, 2023; Kaya,
2023; Park et al., 2021). However, students’ views that Al cannot replace the teacher are
valuable in terms of the position of Al with respect to the role of the teacher. It is also
emphasised that Al-powered robots, which take on the role of teachers, cannot fully replace the
teacher and mostly act as a guide (Raaflaub, 2021). In his study in which he interviewed 74
teachers on this subject, Uygun (2024) expressed that artificial intelligence tools have a positive
effect in educational environments as a general opinion, but on the other hand, he also included
concerns especially in terms of ethics and privacy and emphasized that artificial intelligence
tools should take place in education with a balanced use in which the rights and interests of
stakeholders are protected. Similarly, a study on pre-service teachers revealed that they perceive
Al through both positive metaphors like "Help Mechanism" and negative ones like
"Harmful," underscoring this need for a balanced perspective (Bartin-Savran et al., 2025). In
this respect, it can be said that it would be right to use productive artificial intelligence tools
in educational environments in a conscious way and by considering their possible negative
effects.

Al applications have notable features that distinguish them from other learning materials and
make them superior. First, Al can be integrated into every stage of the teaching and
learning process, as identifying student readiness, course design and planning, preparation for
courses, teaching courses, student engagement, feedback, exams, and retention. It is fast,
affordable, easily accessible, user-friendly and practical. Al is suitable for every lesson. Since
it can solve questions, formulate questions, allow practical applications, translate, write
code, perform mathematical operations, and can be used as a multimodal system (such as text,
tables, slides, pictures, and videos that recognise different contents), it can be used in
every course from mathematics to English, from informatics to social studies. Al is also
suitable for individual work or group activities, as it allows you to share content. Like a close
friend, Al gives kind, understanding, and motivating answers to questions. Al applications
can also be used on different devices and accessed from anywhere. One of its most
prominent features is that even if it gives inaccurate information or comments, it can update
itself when new information and valid comments are provided. Thanks to these features, Al
tools are helpful learning materials for both teachers and students.

In the present study, Al-supported activities in the experimental group were conducted in the
school’s computer laboratory to ensure student access to Al tools. This highlights the need for
equipping classrooms with the necessary technological infrastructure to facilitate the effective
integration of Al in educational environments. However, LLMs sometimes provide false
or stereotypical information due to the data that they are trained in. Therefore, it would
be beneficial to fine-tune LLMs for educational purposes using more scientific and
reliable sources. For easier and more effective integration of LLMs into education, these
models could be tailored to specific grade levels, subject areas, or curricular goals.

REFERENCES
Abbas, N., Ali, I., Manzoor, R., Hussain, T., & Hussaini, M. H. A. (2023). Role of artificial

intelligence tools in enhancing students’ educational performance at higher levels.
Journal of Artificial Intelligence, Machine Learning and Neural Network, 3(5), 36-49.

Agarwal, M., Sharma, P., & Goswami, A. (2023). Analysing the applicability of ChatGPT,

Bard, and Bing to generate reasoning-based multiple-choice questions in medical
physiology. Cureus, 15(6), e40977.

Akgun, S., & Greenhow, C. (2022). Artificial intelligence in education: Addressing ethical
challenges in K-12 settings. Al and Ethics, 431-440. https://doi.org/10.1007/s43681-
021-00096-7

937


https://doi.org/10.1007/s43681-021-00096-7
https://doi.org/10.1007/s43681-021-00096-7

Arikan, A. 9(4), 2025, 917-950.

Akmoglu, O. (2001). Elestirel diistinme becerilerini temel alan fen bilgisi 6gretiminin ogrenme
tiriinlerine etkisi. Unpublished doctoral dissertation, Hacettepe University, Institute of
Social Sciences, Ankara.

Akkaya, D. (2016). [Ilkégretim 7. sumf Ogrencilerinin  inovasyon  becerilerinin
degerlendirilmesi. Unpublished master’s thesis, Adnan Menderes University, Institute
of Social Sciences, Aydin.

Alharbi, W. (2023). Al in the foreign language classroom: A pedagogical overview of
automated writing assistance tools. Education Research International, 2023, 1-15.
https://doi.org/10.1155/2023/4253331

Alier, M., Garcia-Penalvo, F. J., & Camba, J. D. (2024). Generative artificial intelligence in
education: From deceptive to disruptive. International Journal Of Interactive
Multimedia and Artificial Intelligence, 8(5), 5-14.

Alkin-Sahin, S., & Tunca, N. (2015). Felsefe ve elestirel diisiinme. Trakya Universitesi Egitim
Fakaiiltesi Dergisi, 5(2), 192-206.

Alyahyan, E., & Diistegor, D. (2020). Predicting academic success in higher education:
Literature review and best practices. International Journal of Educational Technology
in Higher Education, 17(1), 3. https://doi.org/10.1186/s41239-020-0177-7

Andresen, S. L. (2002). John McCarthy: Father of Al. IEEE Intelligent Systems, 17(5), 84-85.

Aras, B. (2020). Ortaokul égrencilerinin inovatif (yenilik¢i) diisiinme diizeylerinin ¢egitli
degiskenler agisindan incelenmesi (Afyonkarahisar il orneklemi). Unpublished master’s
thesis, Afyon Kocatepe University, Institute of Social Sciences, Afyonkarahisar.

Arslan, K. (2020). Egitimde yapay zeka ve uygulamalari. Bati Anadolu Egitim Bilimleri
Dergisi, 11(1), 71-88.

Artut, S. (2019). Yapay zeka olgusunun giincel sanat ¢alismalarindaki agilimlari. Insan ve
Insan, 6(22), 767-783. https://doi.org/10.29224/insanveinsan.478162

Askun, V. (2023). Sosyal bilimler arastirmalar1 i¢in ChatGPT potansiyelinin acgiga ¢ikarilmasi:
Uygulamalar, zorluklar ve gelecek yonelimler. Ercives Akademi, 37(2), 622-656.
https://doi.org/10.48070/ercivesakademi.1281544

Atak, M. C. (2022). Metaverse’iin ¢alisma hayati iizerine etkisi: Bir delphi ¢alismasi.
Unpublished master’s thesis, Baskent University, Institute of Social Sciences, Ankara.

Bahgeci, F. (2011). Kisiye 6zgii 6gretim portalinin 6grenenlerin akademik bagarisi ve tutumlari
tizerindeki etkisi. Unpublished doctoral dissertation, Firat University, Institute of
Educational Sciences, Elaz1g.

Baidoo-Anu, D., & Owusu-Ansah, L. (2023). Education in the era of generative artificial
intelligence (AI): Understanding the potential benefits of ChatGPT in promoting
teaching and learning. Journal of AI. 7(1), 52-62.

Bayram, K., & Celik, H. (2023). Yapay zeka konusunda muhakeme ve girisimcilik becerileriyle
biitiinlestirilmis sosyo-bilim etkinligi: Fen Bilgisi 6gretmen adaylariin gortisleri. Fen
Bilimleri Ogretimi Dergisi, 11(1), 41-78. https://doi.org/10.56423/fbod.1241946

Baris, A. (2020). A new business marketing tool: Chatbot. GSI Journals Serie B: Advancements
in Business and Economics, 3(1), 31-46.

938


https://doi.org/10.1155/2023/4253331
https://doi.org/10.1186/s41239-020-0177-7
https://doi.org/10.29224/insanveinsan.478162
https://doi.org/10.48070/erciyesakademi.1281544
https://doi.org/10.56423/fbod.1241946

Arikan, A. 9(4), 2025, 917-950.

Bartin-Savran, C., Glirgil Ulusoy, F., & Cetin, T. (2025). An investigation of pre-service social
studies teachers' metaphorical perceptions towards the concept of artificial intelligence.
International Journal of Progressive Education, 21(2), 1-15.

Bozkurt, A. (2023). ChatGPT, Uretken yapay zekd ve algoritmik paradigma degisikligi.
Alanyazin, 4(1), 63-72. https://doi.org/10.59320/alanyazin.1283282

Byrnes, J. P. (2011). Academic achievement. Encyclopedia of adolescence, 1-9.
https://doi.org/10.1016/B978-0-12-373951-3.00001-6

Can, A. (2020). SPSS ile bilimsel arastirma siirecinde nicel veri analizi. Pegem Akademi.

Celik, 1. (2023). Towards Intelligent-TPACK: An empirical study on teachers’ professional
knowledge to ethically integrate artificial intelligence (Al)-based tools into education.
Computers in Human Behavior, 138, 107468.
https://doi.org/10.1016/j.chb.2022.107468

Cathrin, S., Rukiyati, R., & Maryani, M. (2024). Artificial intelligence, academic ethics, and
global citizenship. Jurnal Civics: Media Kajian Kewarganegaraan, 21(2), 214-226.
https://doi.org/10.21831/jc.v21i2.77828

Chang, C. Y., Kuo, S. Y., & Hwang, G. H. (2022). Chatbot-facilitated nursing education:
Incorporating a knowledge-based chatbot system into a nursing training program.
Educational Technology & Society, 25(1), 15-27.

Chang, Y. S., & Tsai, M. C. (2024). Effects of design thinking on artificial intelligence learning
and creativity. Educational Studies, 50(5), 763-780.
https://doi.org/10.1080/03055698.2021.1999213

Chassignol, M., Khoroshavin, A., Klimova, A., & Bilyatdinova, A. (2018). Artificial
intelligence trends in education: A narrative overview. Procedia Computer Science,
136, 16-24. https://doi.org/10.1016/j.procs.2018.08.233

Chell, E., & Athayde, R. (2009). The identification and measurement of innovation
characteristics of young people. Development of the youth innovation skills
measurement tool. NESTA (National Endowment for Science, Technology and the
Arts). https://core.ac.uk/download/pdf/90615.pdf

Chen, L., Chen, P., & Lin, Z. (2020). Artificial intelligence in education: A review. /[EEE
Access, 8, 75264-75278. https://doi.org/10.1109/ACCESS.2020.2988510

Chen, X., Zou, D., Xie, H., Cheng, G., & Liu, C. (2022). Two decades of artificial intelligence
in education: contributors, collaborations, research topics, challenges, and future
directions. Educational Technology & Society, 25(1), 28-47.

Chiu, T. K. F., & Chai, C. S. (2020). Sustainable curriculum planning for artificial intelligence
education: A self-determination theory perspective. Sustainability, 12(14), 5568.
https://doi.org/10.3390/sul2145568

Chu, Z., Wang, S., Xie, J., Zhu, T., Yan, Y., Ye, J., ... & Wen, Q. (2025). LLM agents for
education: Advances and applications [Preprint].
arXiv. https://doi.org/10.48550/arXiv.2503.11733

Chocarro, R., Cortinas, M., & Marcos-Matas, G. (2023). Teachers’ attitudes towards chatbots
in education: A technology acceptance model approach considering the effect of social
language, bot proactiveness, and users’ characteristics. Educational Studies, 49(2), 295-
313. https://doi.org/10.1080/03055698.2020.1850426

939


https://doi.org/10.59320/alanyazin.1283282
https://doi.org/10.1016/B978-0-12-373951-3.00001-6
https://doi.org/10.1016/j.chb.2022.107468
https://doi.org/10.21831/jc.v21i2.77828
https://doi.org/10.1080/03055698.2021.1999213
https://doi.org/10.1016/j.procs.2018.08.233
https://core.ac.uk/download/pdf/90615.pdf
https://doi.org/10.1109/ACCESS.2020.2988510
https://doi.org/10.3390/su12145568
https://doi.org/10.48550/arXiv.2503.11733
https://doi.org/10.1080/03055698.2020.1850426

Arikan, A. 9(4), 2025, 917-950.

Choi, S., Jang, Y., & Kim, H. (2023). Influence of pedagogical beliefs and perceived trust on
teachers’ acceptance of educational artificial intelligence tools. International Journal of
Human—Computer Interaction, 39(4), 910-922.
https://doi.org/10.1080/10447318.2022.2049145

Cockburn, 1. M., Henderson, R., & Stern, S. (2019). The impact of artificial intelligence on
innovation: An exploratory analysis. In A. Agrawal, J. Gans, & A. Goldfarb (Eds.), The
economics of artificial intelligence: An agenda (pp. 115—-146). University of Chicago
Press. https://doi.org/10.7208/chicago/9780226613475.001.0001

Cooper, G. (2023). Examining science education in ChatGPT: An exploratory study of
generative artificial intelligence. Journal of Science Education and Technology, 32,
444-452. https://doi.org/10.1007/s10956-023-10039-y

Coskun, F., & Giilleroglu, H. D. (2021). Yapay zekanin tarih i¢indeki gelisimi ve egitimde
kullamilmasi. Ankara Universitesi Egitim Bilimleri Fakiiltesi Dergisi, 54(3), 947-966.
https://doi.org/10.30964/auebfd.916220

Crawford, J., Cowling, M., Ashton-Hay, S., Kelder, J. A., Middleton, R., & Wilson, G. S.
(2023). Artificial intelligence and authorship editor policy: ChatGPT, Bard Bing Al,
and beyond. Journal of University Teaching & Learning Practice, 20(5),
1-11. https://doi.org/10.53761/1.20.5.01

Crompton, H., & Burke, D. (2023). Artificial intelligence in higher education: The state of the
field. International Journal of Educational Technology in Higher Education, 20(1), 22.
https://doi.org/10.1186/s41239-023-00392-8

Darwin, Rusdin, D., Mukminatien, N., Suryati, N., Laksmi, E. D., & Marzuki. (2024). Critical
thinking in the Al era: An exploration of EFL students’ perceptions, benefits, and
limitations. Cogent Education, 11(1), 2290342.
https://doi.org/10.1080/2331186X.2023.2290342

Demir-Diilger, E. (2023). Lise miidiirleri ve ogretmenlerinin egitimde yapay zekd
kullamilmasina iliskin goriisleri. Unpublished doctoral dissertation. Istanbul Okan
University, Graduate School of Education, Istanbul.

Deng, X., & Yu, Z. (2023). A meta-analysis and systematic review of the effect of chatbot
technology use in sustainable education. Sustainability, 15(4), 2940,
https://doi.org/10.3390/su15042940

Dengiz, Y. (2023). Yapay zekanin 6gretmen egitimi iizerindeki yenilik¢i etkileri. Unpublished
master’s thesis. Mugla Sitki Kogman University, Institute of Social Sciences, Mugla.

Dere, I., & Ugar, A. (2020). Kiiresel baglantilar 63renme alaninin sosyal bilgiler ders kitaplarina
yansimalarinin incelenmesi. Yasadik¢ca Egitim, 34(2), 212-240.
https://doi.org/10.33308/26674874.2020342189

Dirican, C. (2015). The impacts of robotics, artificial intelligence on business and economics.
Procedia-Social and Behavioral Sciences, 195, 564-573.
https://doi.org/10.1016/].sbspro.2015.06.134

Dogan, S., Agacli-Dogan, N., & Celik, L. (2021). Teachers’ skills to integrate technology in
education: Two path models explaining instructional and application software use.
Education and Information Technologies, 26, 1311-1332.
https://doi.org/10.1007/s10639-020-10310-4

Dogankaya, A. (2023). 21. Yiizyilda insan haklarima yonelik yeni bir tehdit: Yapay zeka.
Unpublished master’s thesis. Hacettepe University, Institute of Social Sciences, Ankara.

940



https://doi.org/10.1080/10447318.2022.2049145
https://www.google.com/url?sa=E&q=https%3A%2F%2Fdoi.org%2F10.7208%2Fchicago%2F9780226613475.001.0001
https://doi.org/10.1007/s10956-023-10039-y
https://doi.org/10.30964/auebfd.916220
https://doi.org/10.53761/1.20.5.01
https://doi.org/10.1186/s41239-023-00392-8
https://doi.org/10.1080/2331186X.2023.2290342
https://doi.org/10.3390/su15042940
https://doi.org/10.33308/26674874.2020342189
https://doi.org/10.1016/j.sbspro.2015.06.134
https://doi.org/10.1007/s10639-020-10310-4

Arikan, A. 9(4), 2025, 917-950.

El¢i, A. C., Tuncel, F., Demiroglari, B., Akman, P., El¢i, R. M., & Kutlu, M. O. (2020).
Ortaokul 6grencilerinin elestirel diistinme egilimleri. Turkish Studies - Education, 15(5),
3315-3326.

Ennis, R. H. (1991). Goals for a critical thinking curriculum. In A. Costa (Ed.), Developing
minds: A resource book for teaching thinking (pp. 68-71). The Association of
Supervision and Curriculum Development.

Epstein, Z. (2016). Has artificial intelligence already surpassed the human brain? Bgr.com.
https://bgr.com/tech/alphago-beats-lee-sedol-again/

Evcim, 1., & Topsakal, U. U. (2019). STEM egitimi alan dgretmenlerin elestirel diisiinme
egilimlerinin belirlenmesi. The Journal of International Lingual Social and Educational
Sciences, 5(2), 254-263. https://doi.org/10.34137/jilses.525872

Farazouli, A., Cerratto-Pargman, T., Bolander-Laksov, K., & McGrath, C. (2024). Hello GPT!
Goodbye home examination? An exploratory study of Al chatbots impact on university

teachers’ assessment practices. Assessment & Evaluation in Higher Education, 49(3),
363-375. https://doi.org/10.1080/02602938.2023.2241676

Farrokhnia, M., Banihashem, S. K., Noroozi, O., & Wals, A. (2024). A SWOT analysis of
ChatGPT: Implications for educational practice and research. Innovations in Education
and Teaching International, 61(3), 460-474.
https://doi.org/10.1080/14703297.2023.2195846

Forero-Corba, W., & Bennasar, F. N. (2024). Techniques and applications of machine learning
and artificial intelligence in education: A systematic review. RIED-Revista
Iberoamericana de Educacion a Distancia, 27(1), 209-253.
https://doi.org/10.5944/ried.27.1.37491

Fraiwan, M., & Khasawneh, N. (2023). A review of chatgpt applications in education,
marketing, software engineering, and healthcare: Benefits, drawbacks, and research
directions [Preprint]. arXiv. https://doi.org/10.48550/arXiv.2305.00237

Garcia-Martinez, 1., Fernandez-Batanero, J. M., Fernandez-Cerero, J., & Leon, S. P. (2023).
Analysing the impact of artificial intelligence and computational sciences on student

performance: Systematic review and meta-analysis. Journal of New Approaches in
Educational Research, 12(1), 171-197. https://doi.org/10.7821/naer.2023.1.1240

Gonzalez-Perez, L. 1., & Ramirez-Montoya, M. S. (2022). Components of education 4.0 in 21st
century skills frameworks: Systematic review. Sustainability, 14(3), 1493.
https://doi.org/10.3390/su14031493

Guo, K., & Wang, D. (2023). To resist it or to embrace it? Examining ChatGPT’s potential to
support teacher feedback in EFL writing. Education and Information Technologies,
29(1), 8435-8463. https://doi.org/10.1007/s10639-023-12146-0

Giilel, S., Sargin, A., & Cetin, H. I. (2023). Yapay zeka egitici egitimi. Eurasian Education &
Literature Journal, (17), 64-73. https://doi.org/10.17740/eas.edu.2023-V17-05

Haenlein, M., & Kaplan, A. (2019). A brief history of artificial intelligence: On the past,
present, and future of artificial intelligence. California Management Review, 61(4), 5-
14. https://doi.org/10.1177/0008125619864925

Hatcher, D. L. (2013). Reflections on critical thinking: Theory, practice, and assessment.
INQUIRY:  Critical  Thinking  Across  the  Disciplines, 28(2), 4-24.
https://doi.org/10.5840/inquiryct20132827

941


https://bgr.com/tech/alphago-beats-lee-sedol-again/
https://doi.org/10.34137/jilses.525872
https://doi.org/10.1080/02602938.2023.2241676
https://doi.org/10.1080/14703297.2023.2195846
https://doi.org/10.5944/ried.27.1.37491
https://doi.org/10.48550/arXiv.2305.00237
https://doi.org/10.7821/naer.2023.1.1240
https://doi.org/10.7821/naer.2023.1.1240
https://doi.org/10.3390/su14031493
https://doi.org/10.1007/s10639-023-12146-0
https://doi.org/10.17740/eas.edu.2023-V17-05
https://doi.org/10.1177/0008125619864925
https://doi.org/10.5840/inquiryct20132827

Arikan, A. 9(4), 2025, 917-950.

Hooda, M., Rana, C., Dahiya, O., Rizwan, A., & Hossain, M. S. (2022). Artificial intelligence
for assessment and feedback to enhance student success in higher education.

Mathematical Problems in Engineering, 2022, 1-19.
https://doi.org/10.1155/2022/5215722

Huang, J., Saleh, S., & Liu, Y. (2021). A review on artificial intelligence in
education. Academic ~ Journal  of  Interdisciplinary  Studies, 10(3).  206-
217. https://doi.org/10.36941/ajis-2021-0077

Ifenthaler, D., Majumdar, R., Gorissen, P., Judge, M., Mishra, S., Raffaghelli, J., & Shimada,
A. (2024). Artificial intelligence in education: Implications for policymakers,

researchers, and practitioners. Technology, Knowledge and Learning, 29(4), 1693-
1710. https://doi.org/10.1007/s10758-024-09747-0

Incemen, S., & Oztiirk, G. (2024). Farkli egitim alanlarinda yapay zeka: Uygulama
ornekleri. International Journal of Computers in Education, 7(1), 27-49.

Inel, Y., & Cetin, T. (2025). Sosyal bilgiler egitiminde yapay zeka. In C. Uluyol & T. Cetin
(Eds.), Egitimde paradigma degisimi ve yapay zeka: Stratejiler ve uygulamalar (pp.
167-188). Pegem Akademi.

Isler, B., & Kilig, M. (2021). Egitimde yapay zeka kullanimi ve gelisimi. Yeni Medya Elektronik
Dergisi, 5(1), 1-11.
Jeon, J., & Lee, S. (2023). Large language models in education: A focus on the complementary

relationship between human teachers and ChatGPT. Education and Information
Technologies, 28, 15873-15892. https://doi.org/10.1007/s10639-023-11834-1

Jiao, P., Ouyang, F., Zhang, Q., & Alavi, A. H. (2022). Artificial intelligence-enabled prediction
model of student academic performance in online engineering education. Artificial
Intelligence Review, 55, 6321-6344. https://doi.org/10.1007/s10462-022-10155-y

Karaca, A., & Kilcan, B. (2023). The adventure of artificial intelligence technology in
education: Comprehensive scientific mapping analysis. Participatory Educational
Research, 10(4), 144-165. http://dx.doi.org/10.17275/per.23.64.10.4

Karakog-Keskin, E. (2023). Yapay zekd sohbet robotu ChatGPT ve Tiirkiye internet
glindeminde olusturdugu temalar. Yeni Medya Elektronik Dergisi, 7(2), 114-131.

Karakus, A. (2023). Social studies and artificial intelligence. International Journal of Eurasian
Education and Culture, 8(24), 3079-3102. http://dx.doi.org/10.35826/ijoecc.1813

Karsenti, T. (2019). Artificial intelligence in education: The urgent need to prepare teachers for
tomorrow’s schools. Formation et Profession, 27(1), 105-111.

Kasnecti, E., SeBler, K., Kiichemann, S., Bannert, M., Dementieva, D., Fischer, F., ... & Kasneci,
G. (2023). ChatGPT for good? On opportunities and challenges of large language
models for education. Learning and Individual Differences, 103, 102274.
https://doi.org/10.1016/].1indif.2023.102274

Kaya, B. N. (2023). Yapay zeka tabanli dil modelleri ile ilgili ogretmen goriiglerinin
incelenmesi. Unpublished master’s thesis. Diizce University, Graduate School of
Education, Diizce.

Kelesoglu, S., & Kalayci, N. (2017). Dordiincli sanayi devriminin esiginde yaraticilik,
inovasyon ve egitim iliskisi. Yaratict Drama Dergisi, 12 (1), 69-86.
https://doi.org/10.21612/yader.2017.004

942


https://doi.org/10.1155/2022/5215722
https://doi.org/10.36941/ajis-2021-0077
https://doi.org/10.1007/s10758-024-09747-0
https://doi.org/10.1007/s10639-023-11834-1
https://doi.org/10.1007/s10462-022-10155-y
http://dx.doi.org/10.17275/per.23.64.10.4
http://dx.doi.org/10.35826/ijoecc.1813
https://doi.org/10.1016/j.lindif.2023.102274
https://doi.org/10.21612/yader.2017.004

Arikan, A. 9(4), 2025, 917-950.

Khan, R. A., Jawaid, M., Khan, A. R., & Sajjad, M. (2023). ChatGPT-Reshaping medical
education and clinical management. Pakistan Journal of Medical Sciences, 39(2), 605-
607. https://doi.org/10.12669/pjms.39.2.7653

Kim, J. K., Bae, M. N, Lee, K., Kim, J. C., & Hong, S. G. (2022). Explainable artificial
intelligence and wearable sensor-based gait analysis to identify patients with osteopenia
and sarcopenia in daily life. Biosensors, 12(3), 167.
https://doi.org/10.3390/bios 12030167

Kocabasoglu, B. (2023). Ortaokul ogrencilerinin inovasyon becerileri ve inovasyon
becerilerini destekleyici ogrenme iklimi. Unpublished doctoral dissertation. Gazi
University, Institute of Educational Sciences, Ankara.

Kouzov, O. (2019). The new paradigms in education and support of critical thinking with
artificial intelligence (Al) tools. Serdica Journal of Computing, 13(1-2), 27-40.
https://doi.org/10.55630/sjc.2019.13.27-40

Koyuncuoglu, D. (2021). An investigation of potential leadership and innovation skills of
university students. International Journal of Education in Mathematics, Science, and
Technology (IJEMST), 9(1), 103-115. https://doi.org/10.46328/ijemst.1374

Kumar, N. M. (2019). Implementation of artificial intelligence in imparting education and

evaluating student performance. Journal of Artificial Intelligence and Capsule
Networks, 1(1), 1-9. https://doi.org/10.36548/jaicn.2019.1.001

Labadze, L., Grigolia, M., & Machaidze, L. (2023). Role of Al chatbots in education:
Systematic literature review. International Journal of Educational Technology in
Higher Education, 20, 56. https://doi.org/10.1186/s41239-023-00426-1

Lee, S., Lee, M., & Lee, S. (2023). What if artificial intelligence become completely ambient
in our daily lives? Exploring future human-Al interaction through high fidelity
illustrations. International Journal of Human—Computer Interaction, 39(7), 1371-1389.
https://doi.org/10.1080/10447318.2022.2080155

Lee, Y. F., Hwang, G. J., & Chen, P. Y. (2022). Impacts of an Al-based chatbot on college
students’ after-class review, academic performance, self-efficacy, learning attitude, and
motivation. Educational Technology Research and Development, 70, 1843—1865,
https://doi.org/10.1007/s11423-022-10142-8

Lim, W. M., Gunasekara, A., Pallant, J. L., Pallant, J. 1., & Pechenkina, E. (2023). Generative
Al and the future of education: Ragnardk or reformation? A paradoxical perspective
from management educators. The International Journal of Management Education,
21(2), 100790. https://doi.org/10.1016/1.ijme.2023.100790

Lintner, A. (2024). A case study on critical thinking and artificial intelligence in middle
school. Turkish Online Journal of Educational Technology-TOJET, 23(4), 1-7.

Lo, C. K. (2023). What is the impact of ChatGPT on education? A rapid review of the literature.
Education Sciences, 13(4), 410. https://doi.org/10.3390/educscil3040410

Lyerly, E. (2023). Utilizing ChatGPT to help students with disabilities. Disability Compliance
for Higher Education, 28(9), 2-7.

MEB. (2018a). Sosyal bilgiler dersi ogretim programi (ilkokul ve ortaokul 4, 5., 6. ve 7.
swniflar). Ankara.

MEB. (2018b). Fen bilimleri dersi 6gretim programu (ilkokul ve ortaokul 4, 5., 6. ve 7. siniflar).
Ankara.

943


https://doi.org/10.12669/pjms.39.2.7653
https://doi.org/10.3390/bios12030167
https://doi.org/10.55630/sjc.2019.13.27-40
https://doi.org/10.46328/ijemst.1374
https://doi.org/10.36548/jaicn.2019.1.001
https://doi.org/10.1186/s41239-023-00426-1
https://doi.org/10.1080/10447318.2022.2080155
https://www.springer.com/journal/11423/
https://doi.org/10.1007/s11423-022-10142-8
https://doi.org/10.1016/j.ijme.2023.100790
https://doi.org/10.3390/educsci13040410

Arikan, A. 9(4), 2025, 917-950.

Naidu, K., & Sevnarayan, K. (2023). ChatGPT: An ever-increasing encroachment of artificial
intelligence in online assessment in distance education. Online Journal of
Communication and Media Technologies, 13(3), €202336.
https://doi.org/10.30935/0jcmt/13291

Nakano, T. D. C., & Wechsler, S. M. (2018). Creativity and innovation: Skills for the 21st
Century. Estudos de Psicologia (Campinas), 35(3), 237-246.
https://doi.org/10.1590/1982-02752018000300002

Oksanen, A., Savela, N., Latikka, R., & Koivula, A. (2020). Trust toward robots and artificial
intelligence: An experimental approach to human—technology interactions online.
Frontiers in Psychology, 11, 568256. https://doi.org/10.3389/fpsyg.2020.568256

Oner, G. (2023). Sosyal bilgiler egitiminde Metaverse. In Y. Dogan & N. Sen-Ersoy (Eds.),
Egitimde metaverse: Kuram ve uygulamalar (pp. 115-132). Efe Akademi Yayinlari.

Ozer, H., & Sar, A. (2009). Kovaryans analizi modelleriyle iiniversite &grencilerinin
basarilarini etkileyen faktérlerin belirlenmesi: Atatiirk tniversitesi [iBF dgrencileri icin
bir uygulama. Dokuz Eyliil Universitesi Iktisadi Idari Bilimler Fakiiltesi Dergisi, 24(2),
105-126.

Ozmusul, M. (2012). Ogretmen egitiminde yaraticilik ve inovasyon. Kastamonu Egitim
Dergisi, 20(3), 731-746.

Park, C. S. Y., Kim, H., & Lee, S. (2021). Do less teaching, do more coaching: Toward critical
thinking for ethical applications of artificial intelligence. Journal of Learning and
Teaching in Digital Age, 6(2), 97-100.

Parlak, N., Yurdakul, F., Kalender, M., & Ungor, B. (2023). Dijital déniisiim ve egitim:
Ogretmenlerin karsilastig1 yenilik¢i yaklasimlar. Ulusal Egitim Dergisi, 3(8), 1322-
1339.

Perez, J. Q., Daradoumis, T., & Puig, J. M. M. (2020). Rediscovering the use of chatbots in
education: A systematic literature review. Computer Applications in Engineering
Education, 28(6), 1549—1565.

Perkins, M. (2023). Academic integrity considerations of Al large language models in the post-
pandemic era: ChatGPT and beyond. Journal of University Teaching & Learning
Practice, 20(2), 07. https://doi.org/10.53761/1.20.02.07

Pertiwi, R. W. L., Kulsum, L. U., & Hanifah, I. A. (2024). Evaluating the impact of artificial
Intelligence-based learning methods on students' motivation and academic

achievement. International Journal of Post Axial: Futuristic Teaching and Learning,
2(1), 49-58. https://doi.org/10.59944/postaxial.v2il.279

Qian, L., Cao, W., & Chen, L. (2025). Influence of artificial intelligence on higher education
reform and talent cultivation in the digital intelligence era. Scientific Reports, 15(1),
6047. https://doi.org/10.1038/s41598-025-89392-4

Raaflaub, C. (2021). Switzerland gears up to place robots in classrooms. Swissinfo.ch.
https://www.swissinfo.ch/eng/sci-tech/switzerland-gears-up-to-place-robotsin-
classrooms--/46402716

Rahman, M. M., & Watanobe, Y. (2023). ChatGPT for education and research: Opportunities,
threats, and strategies. Applied Sciences, 13(9), 5783.
https://doi.org/10.3390/app13095783

944


https://doi.org/10.30935/ojcmt/13291
https://doi.org/10.1590/1982-02752018000300002
https://doi.org/10.3389/fpsyg.2020.568256
https://doi.org/10.53761/1.20.02.07
https://doi.org/10.59944/postaxial.v2i1.279
https://doi.org/10.1038/s41598-025-89392-4
https://www.swissinfo.ch/eng/sci-tech/switzerland-gears-up-to-place-robotsin-classrooms--/46402716
https://www.swissinfo.ch/eng/sci-tech/switzerland-gears-up-to-place-robotsin-classrooms--/46402716
https://doi.org/10.3390/app13095783

Arikan, A. 9(4), 2025, 917-950.

Reiss, M. (2021). The use of ai in education: Practicalities and ethical considerations. London
Review of Education, 19(1). 1-14 https://doi.org/10.14324/Ire.19.1.05

Roll, 1., & Wylie, R. (2016). Evolution and revolution in artificial intelligence in
education. International Journal of Artificial Intelligence in Education, 26, 582-599.

Rudolph, J., Tan, S., & Tan, S. (2023). ChatGPT: Bullshit spewer or the end of traditional
assessments in higher education?. Journal of Applied Learning and Teaching, 6(1). 342-
363. https://doi.org/10.37074/jalt.2023.6.1.9

Rusandi, M. A., Ahman, Saripah, L., Khairun, D. Y., & Mutmainnah. (2023). No worries with
ChatGPT: building bridges between artificial intelligence and education with critical
thinking soft skills. Journal of Public Health, 45(3), €602—
€603. https://doi.org/10.1093/pubmed/fdad049

Sagm, F. G., Ozkaya, A. B., Tengiz, F., Geyik, O. G., & Geyik, C. (2023). Yapay zekd
araglarinin egitimde kullaniimasina iliskin durum raporu ve éneriler. Tiirk Biyokimya
Dernegi TBD Akademi Egitim Grubu.
https://turkbiyokimyadernegi.org.tr/upload/TBDY apayZeka.pdf

Schooner, P., Nordlof, C., Klasander, C., & Hallstrom, J. (2017). Design, system, value: The
role of problem-solving and critical thinking capabilities in technology education, as
perceived by teachers. Design and Technology Education: An International Journal,

22(3), 1-16.

Seferoglu, S. S., & Akbiyik, C. (2006). Elestirel diisiinme ve 6gretimi. Hacettepe Universitesi
Egitim Fakiiltesi Dergisi, 30, 193-200.

Siegle, D. (2023). A Role for ChatGPT and Al in gifted education. Gifted Child Today, 46(3),
211-219. https://doi.org/10.1177/10762175231168443

Solimano, P. (2023). 40% of Workers Will Need New Job Training Due to Al: IBM. Emerge.
https://decrypt.co/152914/40-of-workers-will-need-new-job-training-due-ai-ibm

Soydemir-Bor, S., & Alkis-Kiiciikaydin, M. (2021). Yapay zeka temali sosyobilimsel konu
Ogretiminin ilkokul 6grencilerinin problem ¢dzme ve yaratict yazma becerilerine etkisi.
Bat Anadolu Egitim Bilimleri Dergisi, 12(2), 432-446.
https://doi.org/10.51460/baebd.904806

Soéllner, M., Arnold, T., Benlian, A., Bretschneider, U., Knight, C., Ohly, S., ... & Wendt, D.
H. (2025). ChatGPT and beyond: Exploring the responsible use of generative ai in the
workplace. Business &Amp; Information Systems Engineering, 67, 289-303.
https://doi.org/10.1007/s12599-025-00932-8

Spector, J. M., & Ma, S. (2019). Inquiry and critical thinking skills for the next generation:
From artificial intelligence back to human intelligence. Smart Learning Environments,
6(1), 8. https://doi.org/10.1186/s40561-019-0088-z

Sullivan, M., Kelly, A., & McLaughlan, P. (2023). ChatGPT in higher education: Consideration
for academic integrity and student learning. Journal of Applied Learning & Teaching,
6(1), 31-40. https://doi.org/10.37074/jalt.2023.6.1.17

Sun, L., & Zhou, L. (2024). Does generative artificial intelligence improve the academic
achievement of college students? A meta-analysis. Journal of Educational Computing
Research, 62(7), 1676-1713. https://doi.org/10.1177/07356331241277937

Susnjak, T., & McIntosh, T. R. (2024). ChatGPT: The end of online exam integrity?. Education
Sciences, 14(6), 656. https://doi.org/10.3390/educscil4060656

945


https://doi.org/10.14324/lre.19.1.05
https://doi.org/10.37074/jalt.2023.6.1.9
https://doi.org/10.1093/pubmed/fdad049
https://turkbiyokimyadernegi.org.tr/upload/TBDYapayZeka.pdf
https://doi.org/10.1177/10762175231168443
https://decrypt.co/152914/40-of-workers-will-need-new-job-training-due-ai-ibm
https://doi.org/10.51460/baebd.904806
https://doi.org/10.1007/s12599-025-00932-8
https://doi.org/10.1186/s40561-019-0088-z
https://doi.org/10.37074/jalt.2023.6.1.17
https://doi.org/10.1177/07356331241277937
https://doi.org/10.3390/educsci14060656

Arikan, A. 9(4), 2025, 917-950.

Swarts, G. P. (2020). Re/Coding global citizenship: How information and communication
technologies have altered humanity and created new questions for global citizenship
education. Research  in  Social  Sciences and  Technology, 5(1),  70-85.
https://doi.org/10.46303/ressat.05.01.4

Szmyd, K., & Mitera, E. (2024). The impact of artificial intelligence on the development of
critical thinking skills in students. European Research Studies Journal, 27(2), 1022-
1039.

Senocak, D. (2020). A¢ik ve uzaktan 6grenme ortamlarinda yapay zeka: Sundugu firsatlar ve
yarattig1 endiseler. A¢ikogretim Uygulamalar: ve Arastirmalart Dergisi, 6(3), 56-78.

Sensekerci, E., & Bilgin, A. (2008). Elestirel diisinme ve 6gretimi. Uludag Universitesi Fen-
Edebiyat Fakiiltesi Sosyal Bilimler Dergisi, 9(14), 15-43.

Tang, L., & Su, Y. S. (2024). Ethical implications and principles of using artificial intelligence
models in the classroom: A systematic literature review. International Journal of
Interactive Multimedia and  Artificial  Intelligence, 8(5), 25-36.
https://doi.org/10.9781/ijimai.2024.02.010

Tapalova, O., & Zhiyenbayeva, N. (2022). Artificial intelligence in education: AIEd for
personalised learning pathways. The Electronic Journal of e-Learning, 20(5), 639-653.
https://doi.org/10.34190/ejel.20.5.2597

Tapan-Broutin, M. S. (2023). Matematik Ogretmen adaylarimin ChatGPT ile baslangic
deneyimlerinde sorduklari sorularin incelenmesi. Uludag Universitesi Egitim Fakiiltesi
Dergisi, 36(2), 707-732. https://doi.org/10.19171/uefad.1299680

Toy, 1., & Akpinar, E. (2020). The effect of storyline method on academic success and
permanence of learning and opinions of teachers and students on the method.
International Journal of Field Education, 6(2), 1-23.

Ulum, H. (2022). The effects of online education on academic success: A meta-analysis study.
Education and Information Technologies, 27(1), 429-450.
https://doi.org/10.1007/s10639-021-10740-8

UNESCO. (2019). Artificial intelligence in education, compendium of promising initiatives:
Mobile learning week 2019. UNESCO. https://iite.unesco.org/publications/ai-in-ed-
compendium-of-promising-initiatives-mlw-2019/

Uygun, D. (2024). Teachers' perspectives on artificial intelligence in education. Advances in
Mobile Learning Educational Research, 4(1), 931-939.
https://doi.org/10.25082/AMLER.2024.01.005

Verganti, R., Vendraminelli, L., & lansiti, M. (2020). Innovation and design in the age of
artificial intelligence. Journal of Product Innovation Management, 37(3), 212-227.
https://doi.org/10.1111/jpim.12523

Wach, K., Duong, C. D., Ejdys, J., Kazlauskaite, R., Korzynski, P., Mazurek, G., Paliszkiewicz,
J., & Ziemba, E. (2023). The dark side of generative artificial intelligence: A critical
analysis of controversies and risks of ChatGPT. Entrepreneurial Business and
Economics Review, 11(2), 7-30. https://doi.org/10.15678/EBER.2023.110201

Williamson, B. (2020). New digital laboratories of experimental knowledge production:
Artificial intelligence and education research. London Review of Education, 18(2), 209—
220. https://doi.org/10.14324/LRE.18.2.05

946


https://doi.org/10.46303/ressat.05.01.4
https://doi.org/10.9781/ijimai.2024.02.010
https://doi.org/10.34190/ejel.20.5.2597
https://doi.org/10.19171/uefad.1299680
https://doi.org/10.1007/s10639-021-10740-8
https://iite.unesco.org/publications/ai-in-ed-compendium-of-promising-initiatives-mlw-2019/
https://iite.unesco.org/publications/ai-in-ed-compendium-of-promising-initiatives-mlw-2019/
https://doi.org/10.25082/AMLER.2024.01.005
https://doi.org/10.1111/jpim.12523
https://doi.org/10.15678/EBER.2023.110201
https://doi.org/10.14324/LRE.18.2.05

Arikan, A. 9(4), 2025, 917-950.

Wollny, S., Schneider, J., Di Mitri, D., Weidlich, J., Rittberger, M., & Drachsler, H. (2021).
Are we there yet? A systematic literature review on chatbots in education. Frontiers in
Artificial Intelligence, 4, 654924. https://doi.org/10.3389/frai.2021.654924

Wrahatnolo, T., & Munoto. (2018). 21st centuries skill implication on educational system. [OP
Conference Series: Materials Science and  Engineering, 296, 012036.
https://doi.org/10.1088/1757-899X/296/1/012036

Yang, W. (2022). Artificial intelligence education for young children: Why, what, and how in
curriculum design and implementation. Computers and Education: Artificial
Intelligence, 3, 100061. https://doi.org/10.1016/j.caeai.2022.100061

Yavuz-Aksakal, N., & Ulgen, B. (2021). Yapay zeka ve gelecegin meslekleri. TRT Akademi,
6(13), 834-853. https://doi.org/10.37679/trta. 969285

Yesilkaya, N. (2022). Felsefi bir sorun olarak yapay zeka. Bozok Universitesi [lahiyat Fakiiltesi
Dergisi, 97-126. https://doi.org/10.51553/bozifder.1171640

Yesilyurt, S., Diindar, R., Demir, R. Z., & Yesilyurt, A. G. (2025). Uretken yapay zeka araclar
ile sosyal bilgiler 6gretimi: Avantajlar ve dezavantajlar. Disiplinlerarasi Egitim
Arastirmalart Dergisi, 9(20), 1-16, https://doi.org/10.57135/jier.1594253

Yetisensoy, O., & Rapoport, A. (2023). Artificial intelligence literacy teaching in social studies
education. Journal of  Pedagogical Research, 7(3), 100-110.
https://doi:10.33902/JPR.202320866

Yildirim-Déner, S., & Demir, S. (2022). Ortaokul 6grencileri i¢in elestirel diisiinme egilimi
dleegi’nin gelistirilmesi: Gegerlik ve giivenirlik ¢alismasi. Pamukkale Universitesi
Egitim Fakiiltesi Dergisi, (54), 99-129. https://doi.org/10.9779/pauefd.823427

Zhai, X. (2022). ChatGPT user experience: Implications for education. Available at SSRN:
http://dx.doi.org/10.2139/ssrn.4312418

Zhan, Z., Shen, W., & Lin, W. (2022). Effect of product-based pedagogy on students’ project
management skills, learning achievement, creativity, and innovative thinking in a high-
school artificial intelligence course. Frontiers in Psychology, 13, 849842.
https://doi.org/10.3389/fpsyg.2022.849842

947


https://doi.org/10.3389/frai.2021.654924
https://doi.org/10.1088/1757-899X/296/1/012036
https://doi.org/10.1016/j.caeai.2022.100061
https://doi.org/10.37679/trta.969285
https://doi.org/10.51553/bozifder.1171640
https://doi.org/10.57135/jier.1594253
https://doi:10.33902/JPR.202320866
https://doi.org/10.9779/pauefd.823427
http://dx.doi.org/10.2139/ssrn.4312418
https://doi.org/10.3389/fpsyg.2022.849842

Arikan, A. 9(4), 2025, 917-950.

Research Article

Yapay Zeka Destekli Etkinliklerin Sosyal Bilgiler Dersinde Ogrencilerin
Akademik Basarilarina, Elestirel Diisiinme ve Inovasyon Becerilerine Etkisi

The Effect of Artificial Intelligence-Supported Activities on Academic
Achievement, Critical Thinking, and Innovation Skills in Social Studies Classes
Alaattin ARIKAN
GENISLETILMIS OZET

Giris

21. yiizy1l, yenilikei bilgi teknolojileri ve araglarinin etkisinin belirgin bir bicimde hissedildigi
bir cagdir. Ozellikle son yillarda yapay zeka teknolojisinde dnemli gelismeler yasanmaktadir.
Teknolojik degisim ve doniisiimler, egitim ortamlarina da yansimaktadir. Bilisim teknolojileri

ve yapay zekd araclarmin egitim ortamlarina entegrasyonu, oOgretim ydntemlerinin
desteklenmesinde ve hedeflenen 6grenme ¢iktilarina ulagilmasinda 6nemli bir rol oynayabilir.

Egitim ortamlarinda, 6grencilerin kazanmasi beklenilen bazi hedefler vardir. Bu hedeflerin en
onemlilerinden biri de 6grencilerin bilissel gelisimlerinin saglanmasidir. Bu noktada “akademik
basar1” kavrami on plana ¢ikmaktadir. Akademik basari, bireyin 6grenme siireci boyunca
istenilen hedef davraniga yonelik performans olgiitlerini ortaya koyar. Akademik basarinin yani
sira, son yillarda ¢esitli diisiinme becerilerinin gelisimine de 6nem verilmektedir. Modern
egitim sistemleri, diislinen ve iireten bireyler yetistirme odakli bir bakis acgistyla (Seferoglu &
Akbiyik, 2006), ozellikle 21. yiizyilin dort temel becerisi olarak bilinen elestirel diisiinme,
yaraticilik, iletisim ve is birligi becerilerinin gelisimine odaklanmistir (Spector & Ma, 2019).

Elestirel diisiinme; bilgi edinme siirecinde ¢ok yonlii diistinmeyi, zihinsel ve duyussal acidan
etkin diislinebilmeyi gerektirir (Akinoglu, 2001, s. 20). El¢i vd. (2020, s. 3318), elestirel
diisiinmeyi, Onyargi ve kalip yargilarin fark edilerek karmasik olay ve durumlarin
zihinsel siirecte kanit ve dogru dayanaklarla mantiksal olarak anlamlandirilmasi bigiminde
tanimlamistir. Elestirel diisiinme, bilimsel gelismenin, dolayisiyla egitimin vazgecilmez
bilesenlerinden biridir. Ancak elestirel diisiinme gelisiminin geleneksel okul ortamlarinda
yeterince ele alinmadig1 da arastirmacilar tarafindan ifade edilmektedir (Spector & Ma, 2019).

Elestirel diigiinme becerisinin, 0zellikle egitim ortamlarinda teknolojik donanimlarin
yayginlagsmasinda 6nemli bir etkisi bulunmaktadir. Elestirel diisiinme becerisi; diisiinsel siirecte
teknolojinin egitimde yayginlagsmasina onciiliik etmistir (Evcim & Topsakal, 2019; Schooner
vd., 2017). Fakat elestirel diisiinme becerisinin egitim ortamlarinda teknolojik yeniliklerle
gelistigine yonelik ayn1 diizeyde bir etkiden s6z edilemeyebilir. Rusandi vd. (2023), gliniimiizde
temel odak noktalarindan birinin yapay zekanin 6grenme ve arastirmayi gelistirirken elestirel
diisiinme becerilerini nasil destekleyebilecegi oldugunu belirtmistir. Bu sebeple, elestirel
diisiinme becerisinin egitimde teknolojik baglamda yapay zeka destekli uygulamalarla
yakindan iligkili oldugunu ve bu iligkinin arastirilmasi gerektigini sdylemek yerinde olacaktir.

Egitimde yapay zeka teknolojileri agisindan “inovasyon” kavrami da dikkat ¢ekmektedir.
Inovasyon; gogunlukla yenilik ile iliskilendirilir ve topluma fayda saglayan yeni bir fikir, {iriin
veya hizmet olarak tanimlanabilir (Nakano & Wechsler, 2018). Inovasyon becerisi ise; yeni,
farkli ve var olan kaliplarin disinda diistinebilmek, 6zgiinliik, yiiksek farkindalik, tiretkenlige
aciklik ve giriskenlik gibi 6zellikleri igerir (Aras, 2020, s. 9; Koyuncuoglu, 2021, s. 105-106;
Ozmusul, 2012, s. 732). Inovasyon; egitim ortamlarmnin siire¢, imkan ve program agisindan
dontistimiinde etkili oldugundan, egitim ve inovasyon kavramlarinin temelde iliskili oldugunu
sOylemek miimkiindiir (Kelesoglu & Kalayci, 2017).
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MEB (2018a) Sosyal Bilgiler Ogretim Programi’nda yenilik¢i diisiinme becerisine yer
verilmistir. Ozellikle programim “Kiiresel Baglantilar” ve “Bilim, Teknoloji ve Toplum”
ogrenme alanlarinin, inovatif diistinmeyi gelistirmeye odaklandig1 s6ylenebilir. Benzer sekilde,
fen bilimleri 6gretim programinda da yaratici diisiinmeye yer verildigi ve disiplinlerarasi
boyutta diisliniildiigiinde egitim ortamlarinda inovasyon becerisinin gelistirilmesine 6nem
verildigi belirtilmelidir (MEB, 2018b). IBM tarafindan yapilan bir arastirmada, ozellikle
sektorel diizeyde birgcok kisinin yeni becerilere ihtiya¢ duyacagi ve yapay zekada yasanacak
olan gelismelere paralel olarak inovasyon becerisinin 6n plana ¢ikacagi vurgulanmigtir
(Solimano, 2023). Bu baglamda egitimde inovasyonu, inovasyon becerisinin gereklerini ve
yaratacag etkileri degerlendirmek 6nemlidir. Ozellikle yapay zeka entegrasyonu ile farkli bir
boyut kazanan inovatif diisiincenin egitim ortamlarinda nasil kullanilacagi ve gelistirilecegi
ortaya konmalidir.

Zhai (2022), ChatGPT gibi yapay zeka yazilimlarmin bir¢ok agidan olumlu etkilerinin
bulundugunu ancak 6zellikle elestirel ve yaratict diisiinme becerileri agisindan siirecin dogru
yoOnetilmesi gerektigini belirtmistir. Yapay zeka destekli araglar, 6grenci odakli 6gretim ve
degerlendirme siireclerini daha sistematik ve verimli hale getirse de (Chassignol vd., 2018),
insan zihninin diisiinsel siirecleri olan yaratici, yansitici ve elestirel diisiinme gibi beceriler
acisindan bazi sinirlhiliklara sahip olabilecegi ifade edilmektedir (Coskun & Giilleroglu, 2021;
Karakog¢-Keskin, 2023). Bu nedenle egitim ortamlarinda, 6grenme siirecine yapay zeka
araclarinin  nasil  entegre edilecegine iliskin  c¢alismalar  yapilmast  Onemlidir.
Bu calismada, yapay zeka etkinliklerinin sosyal bilgiler dersinde akademik basari, elestirel
diisiinme ve inovasyon becerisi lizerindeki etkisini ortaya koymak amaclanmistir. Caligmanin
karma desenle yliriitiilmesi; Biiylik Dil Modellerinin 6§renme ortamina etkilerini ortaya koyma
acisindan literatiire 6nemli bir katki saglayabilir.

Yontem

Bu arastirmada agiklayici sirali karma desen kullanilmistir. Calismanin nicel boyutunda 6n test-
son test kontrol gruplu yar1 deneysel desen; nitel boyutunda ise durum calismasindan
yararlanilmigtir. Arastirmanin bagimsiz degiskeni yapay zeka etkinlikleri, bagimli degiskenleri
ise akademik basari, inovasyon becerisi ve elestirel diisinme egilimidir.
Veri toplama araci olarak Toy ve Akpinar (2020) tarafindan gelistirilen Akademik Basar1 Testi,
Yildirim-Déner ve Demir (2022) tarafindan gelistirilen Elestirel Diisinme Egilimi Olgegi,
Chell ve Athayde (2009) tarafindan gelistirilen ve Akkaya (2016) tarafindan Tiirkceye
uyarlanan Inovasyon Becerisi Olgegi ile arastirmaci tarafindan gelistirilen gdriisme sorular
kullanilmistir.

Arastirmanin deney grubunda 25, kontrol grubunda ise 24 6grenci yer almistir. Deney grubunda
yapay zeka etkinlikleri, kontrol grubunda ise Sosyal Bilgiler ders kitabindaki etkinlikler
uygulanmigtir. Deneysel uygulama, 7. smif diizeyinde sosyal bilgiler dersinin “Kiiresel
Baglantilar” 6grenme alaninda 6 hafta boyunca siirdiiriilmistiir.

Bulgular ve Sonuc¢

Arastirma bulgulari, yapay zeka etkinliklerinin Sosyal Bilgiler ders kitabindaki etkinliklere
gore Ogrencilerin akademik basarilar1 ve inovasyon becerilerini gelistirmede daha etkili
oldugunu ortaya koymustur. Buna karsilik, ders kitabindaki etkinliklerin, 6grencilerin elestirel
diisinme egilimlerini gelistirmede yapay zeka etkinliklerine gore daha etkili oldugu
belirlenmistir.

Ogrencilerle yapilan goriismelerde biiyiik cogunluk, yapay zekanin avantajlarini dile getirmis;
az sayida goriiste ise yapay zeka destekli egitimin dezavantajlarina deginilmistir. Bu baglamda,
ogrenci goriislerinden elde edilen kategoriler birlikte degerlendirildiginde, yapay zeka
etkinliklerinin &grencilerin 6zellikle akademik basarilar1 ve inovasyon becerilerine katki
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sagladigi, 6grenme ortamini zenginlestirdigi ve daha ilgi ¢ekici hale getirdigi sOylenebilir.
Buna karsin baz1 6grencilerin yapay zeka destekli egitimin elestirel diisiinmeyi zayiflatabilecegi
ve yanlis yonlendirmelere neden olabilecegi yonilinde goriis bildirdikleri de goriilmiistiir.
Ayrica, 6grencilerin yapay zekanin 6gretmenin yerini alamayacagina iliskin gortisleri de dikkat
cekicidir.

Yapay zeka teknolojileri, 6grenme ve 6gretme siiregleri agisindan 6nemli bir potansiyele sahip
oldugundan egitim ortamlarinda kullanilmaya baglanmistir. Bu baglamda, Biiylik Dil
Modellerinin egitimdeki potansiyel firsatlarinin yani sira yaratabilecegi tehditler de goz oniinde
bulundurulmalidir. Bu nedenle, arastirma karma desenle yapilandirilmistir. Bu biitiinciil
yaklagim, Biiyiik Dil Modellerinin bilissel siiregler iizerindeki etkilerini daha kapsamli bigcimde
anlamaya olanak tanimistir. Bu dogrultuda, ortaokul diizeyinde gergeklestirilen bu
arastirmanin, 0grenme ortamlarinda yapay zeka uygulamalarinin deneysel olarak derinlemesine
incelenmesi ve buna yonelik Onerilerin sunulmasi agisindan onemli bir katki saglayacagi
diistiniilmektedir.
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