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Abstract
Purpose: This study examines science teachers’ experiences with the use of generative artificial intelligence in their teaching
and learning processes, as well as the meanings they ascribe to these experiences.

Method: The research used a qualitative, descriptive phenomenological approach. The study group consisted of six science
teachers who worked in public schools affiliated with the Ministry of National Education and who had received training in
generative artificial intelligence. Participants were selected using snowball sampling. Data were collected through online
interviews using a 15-item semi-structured form developed by the researchers.

Findings: Research findings indicate that science teachers primarily use artificial intelligence as a tool to support instruction.
Evidence indicates that Al-supported applications increase students’ interest and motivation in the subject, facilitate the
concretization of abstract concepts, and enhance learning retention. However, teachers have noted that factors such as
insufficient class time, curriculum designs that are not conducive to the integration of generative Al, lack of technological
infrastructure, and an exam-focused education system limit the use of these applications in the classroom. Additionally, it
has been emphasized that current assessment and evaluation systems inadequately reflect the quality of learning outcomes
supported by generative Al.

Implications: Research findings indicate that generative artificial intelligence offers significant pedagogical opportunities
in science education. However, to effectively harness this potential, it is necessary to develop teachers’ skills in using
generative artificial intelligence for pedagogical purposes, increase practice-based professional development initiatives, and
support classroom implementations. Additionally, it is important to develop flexible, process-oriented assessment
approaches suitable for generative Al-supported learning environments.
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Introduction

The rapid advancement of technology today has significantly increased the hardware and
software capabilities of computers; these developments have enabled artificial intelligence
research to gain momentum and its areas of application to expand rapidly (Colak, 2022).
According to some technology theorists, the era of artificial intelligence began many years ago,
and its effects became more visible towards the end of the first quarter of the 2000s (Gates,
2023). However, it is not surprising that such assessments are being made today; as humanity
has spent centuries searching for answers to the seemingly simple but philosophically and
scientifically profound question, “Can machines think?”” (Turing, 1950) and has pursued various
scientific and fictional endeavors in this direction (Bozkurt, 2023; Cave & Dihal, 2018).

The theoretical foundations of artificial intelligence can be traced back to the 1940s. McCulloch
and Pitts' (1943) work on mathematically modeling the functioning of neurons, followed by
Shannon's (1948) predictions that computers could solve complex problems and Turing's (1950)
“Turing Test,” which opened up the discussion of machine intelligence, formed the scientific
basis of the field. The term “artificial intelligence” was first used by John McCarthy at the
Dartmouth Conference in 1956, symbolizing the birth of this field as an independent research
discipline (Arslan, 2020). In the following years, early natural language processing applications
such as ELIZA (Weizenbaum, 1966), expert systems, and deep learning approaches developed
both the theoretical and practical dimensions of artificial intelligence. Deep Blue's 1997 defeat
of world chess champion Garry Kasparov caused these developments to resonate widely with
the public.

Throughout human history, cognitive abilities such as the acquisition of knowledge, perception,
thinking, learning, and decision-making, which were thought to be unique to humans, have been
transferred to intelligent machines at a remarkably rapid pace through advances in computer
and internet technologies within the framework of the concept of “artificial intelligence.”
Today, artificial intelligence-based applications in different disciplines are increasing day by
day, and the scope of this field is constantly expanding (Uygunoglu & Yurtcu, 2006; Dogan &
Kubat, 2008; Demirhan, Kili¢ & Inan, 2010; Y1ldiz & Yildirim, 2018; Bilge, 2007; Anohina,
2007; Berman, Durning, Fischer, Huwendiek & Triola, 2016; Williams, 2005).

The Use of Artificial Intelligence in Education

Although perhaps not in the near future, it is clear that artificial intelligence will affect nearly
every aspect of life. A survey of 352 artificial intelligence researchers from Oxford and Yale
universities assessed predictions about when artificial intelligence could take over various tasks
performed by humans. The findings indicate that all human-based functions could be automated
by artificial intelligence by 2051 (Oztuna, 2017).

The fundamental characteristics that distinguish artificial intelligence from other existing
technologies in education and teaching processes and make it unique are expressed by Noe
(2009) as follows:

e The ability to provide learning experiences that meet the individual expectations of the
student,
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e The ability to establish an effective communication process and respond to the student's
questions immediately,

e The capacity to model the learning process according to the individual needs of the
student,

e The ability to analyze the student's past performance data to determine the necessary
information and guidance,

e The ability to generate individual decisions regarding the level of learning,
e The ability to systematically evaluate the results of the teaching and learning process.

The new generation of teaching materials developed for the use of artificial intelligence
technology in education consists of educational software, museums, web-based materials,
digital books, educational robots, interface agents, and virtual assistants (Ongéz, 2022). Among
Al-based educational software are Gradescope (used for online and in-class assessments); EBA
(Egitim Bilisim Ag1); Duolingo (developed for language learning); SplashLearn (which
gamifies mathematics teaching at the elementary school level); online learning platforms such
as Udemy and Coursera; iThenticate (which measures the similarity rate in academic
publications); Kognity (which provides smart textbooks); and Aleks (which analyzes student
learning). In Turkey, examples of Al-supported national education software include: Ask an
Expert, which facilitates participation in mock exams and question solving; Sestek, a chatbot
used in conversation analysis; Documan, which performs document search and classification;
and the fastYol, Sor, and LechatBot applications, which automate online requests (Cukurbasi,
2020).

The Turkish Informatics Association (TIA) (2020) recommends that artificial intelligence
teaching programs be expanded to all grade levels, starting from the early years of education.
The artificial intelligence ecosystem call, published by TUBITAK (2023), aims to cultivate
qualified researchers in this field. As part of the Presidency's “First 100 Days Action Program,”
artificial intelligence education is provided in 100 Deneyap workshops established across 81
provinces through collaboration with the Ministry of Industry and Technology, the Ministry of
Youth and Sports, TUBITAK, and the Turkey Technology Team Foundation.

Turkey's policy framework on artificial intelligence in education is shaped by the “National
Artificial Intelligence Strategy” published in 2021. This strategy includes objectives such as
training qualified human resources in the field of artificial intelligence, making educational
content compatible with artificial intelligence, integrating artificial intelligence literacy into
teaching programs, and developing teachers' digital skills (Ministry of National Education
[MoNE], 2025). The Ministry of National Education is also conducting various studies to
integrate artificial intelligence technologies into the education system and accelerate digital
transformation.

Within this scope, the Ministry of National Education has introduced new elective courses into
the curriculum aimed at developing artificial intelligence literacy in public middle and high
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schools. The course “Elective Artificial Intelligence Applications 1” for 7th and 8th grade
middle school students has been included in the curriculum in this regard (MoNE, 2025).

To gain proficiency in any field, one must first acquire knowledge of that field. To develop the
skills required in the age of artificial intelligence, it is essential to increase knowledge of
artificial intelligence and related tools. In this regard, the first step in acquiring the competencies
required in the age of artificial intelligence is to raise awareness about artificial intelligence
tools and provide systematic training to employees on the use of these tools (Akduman &
Hatipoglu, 2025).

Developed countries are undertaking various strategic initiatives in the field of artificial
intelligence (AI) and developing comprehensive policies in this direction (OECD.AI, 2022;
UNESCO, 2022). A review of the studies in the literature reveals that research has focused
primarily on the use of artificial intelligence in education and scientific research, its effects on
educators and students, and the advantages and disadvantages of this technology (Meco &
Costu, 2022). Recent studies have demonstrated that artificial intelligence holds significant
potential for personalizing learning, supporting instructional processes, and enabling teachers
to make data-driven decisions (Cheah et al., 2025; Eren et al., 2025). However, artificial
intelligence is viewed not merely as a tool offering opportunities, but also as a complex structure
that brings with it various pedagogical, ethical, and practical challenges (Cooper, 2023b; Powell
& Courchesne, 2024). In particular, recent studies indicate that while students adapt quickly to
artificial intelligence technologies, teachers face various challenges in the process of adapting
to this transformation (Cheah et al., 2025; Moorhouse, 2024). It is observed that studies on the
use of artificial intelligence in education largely focus on variables such as students’ academic
achievements, learning outcomes, and technology acceptance (Fitria, 2021; Bilad et al., 2023).
In contrast, studies on teachers have largely been limited to teachers’ attitudes and perceptions
regarding Al, while studies that deeply examine teachers’ in-class experiences remain relatively
scarce (Eren et al., 2025; Colak-Yazic1 & Erkog, 2023). Furthermore, a significant portion of
existing studies approaches the use of artificial intelligence from a generalized perspective,
failing to sufficiently account for the unique pedagogical needs of different disciplines. This
situation leads to the neglect of the contextual and discipline-specific aspects of artificial
intelligence integration. In this context, Ar1 and Erkus (2025) stated that classroom teachers
consider the use of artificial intelligence in lessons necessary; Al applications make the
educational environment and lesson content richer and more enjoyable, but they also carry some
risks alongside their benefits, and application problems may be experienced, especially in
regions with insufficient internet infrastructure. Similarly, Eren et al., (2025) found that
approximately one-third of teachers use artificial intelligence applications in education, while
other participants either do not use these technologies or confuse artificial intelligence with
other digital applications. A study by Colak-Yazic1 & Erko¢ (2023) also found that teachers
experience various conceptual misunderstandings regarding the definition and applications of
artificial intelligence. These findings indicate that a significant portion of the participants do
not yet have sufficient awareness of artificial intelligence.

According to Cetin & Aktas (2021), given the current level of development, artificial
intelligence is more useful as a teacher's assistant than as a replacement for the teacher.
Rensfeldt & Rahm (2023), on the other hand, argue that teachers' core professional duties
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cannot be automated, but that some automation applications can free teachers from routine
tasks, allowing them to devote more time to their primary pedagogical responsibilities.
Similarly, Diilger & Glimiiseli (2023) note that the use of artificial intelligence in non-
educational administrative and bureaucratic tasks can be quite beneficial. Using artificial
intelligence as a supportive tool can contribute to teachers' increased professional effectiveness
and to more effective individualized interactions with students.

The literature also reports conflicting findings on artificial intelligence. On the one hand, it is
noted that artificial intelligence supports learning, increases student engagement, and offers
opportunities for personalized learning (Bilad et al., 2023; Ar1 & Erkus, 2025), on the other
hand, there are findings suggesting that the excessive use of these technologies may have
negative effects on critical thinking, creativity, and independent learning skills (Cooper, 2023a).
Furthermore, despite teachers’ positive attitudes toward artificial intelligence, it is noted that
they lack sufficient pedagogical knowledge and skills to integrate these technologies into
classroom practices (Cheah et al., 2025). These conflicting findings demonstrate that the use of
artificial intelligence is not merely a technical innovation; rather, it is a multi-layered process
with pedagogical, contextual, and systemic dimensions.

Research conducted specifically in science education also points to the importance of artificial
intelligence integration. Park et al. (2023) examined teachers' views on the implementation of
Al-based lesson packages and stated that the integration of Al and science content into the
curriculum is necessary and beneficial because it encompasses current scientific approaches.
Such applications contribute to the development of artificial intelligence literacy for curriculum
developers and teachers who design lesson packages that introduce artificial intelligence into
science classrooms; they also broaden the scope of school science and STEM fields offered to
students. Powell & Courchesne (2024) addressed the opportunities and risks associated with
using ChatGPT in creating science lesson plans; they emphasized that generative artificial
intelligence applications can be effective in the lesson planning process when used correctly,
but that the content created must be critically evaluated by teachers to ensure it aligns with
lesson objectives. Cooper (2023a) examined how ChatGPT can be used in the context of science
education, noting that this technology can be effective in developing science-appropriate exams
and assessment tools, but that it raises fundamental ethical concerns such as potential
environmental impacts, content control issues, and copyright infringement risks. Therefore,
educators should critically evaluate all materials generated by artificial intelligence and adapt
them to their own teaching fields.

Currently, the importance of studies examining teachers’ experiences is increasing. Teachers
are key actors in determining how artificial intelligence technologies can be integrated into
classroom practices; in this process, they are not merely users of the technology but also
individuals who pedagogically reshape it (Rensfeldt & Rahm, 2023). However, the literature
reveals a limited number of in-depth studies that elucidate how teachers experience artificial
intelligence, how they interpret this technology within the classroom, and how they manage the
implementation processes (Eren et al., 2025). This suggests that the decisive role of teachers’
experiences in the process of integrating artificial intelligence is not yet fully understood. The
literature also includes suggestions that artificial intelligence applications can contribute to the
development of students’ cognitive skills (Yang, 2022). However, despite all these positive
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findings, Cetin & Aktas (2021) note that the integration of artificial intelligence in education
remains limited compared to other sectors.

The focus on science teachers constitutes a key aspect of this study. Science courses are
considered one of the disciplines most open to technology integration due to the abundance of
abstract concepts, the importance of experimental processes, and the need for visualization
(Kus-Giirbey & Biiyiik, 2024). Artificial intelligence applications offer significant
opportunities, particularly in terms of concretizing abstract science concepts, utilizing
simulations, and creating personalized learning environments (Park et al., 2023). Therefore,
examining science teachers’ experiences using artificial intelligence is critically important for
both understanding discipline-specific pedagogical processes and revealing the contextual
dimensions of artificial intelligence integration.

In this context, the current study—specifically focusing on science teachers—highlights the
limited number of studies that examine the use of artificial intelligence based on teachers’
experiences, the insufficient attention to discipline-specific pedagogical differences in Al
integration, and the failure to comprehensively address the structural and pedagogical
limitations teachers encounter in classroom applications. In line with projections that artificial
intelligence courses will be integrated into curricula, this study aims to present science teachers’
experiences with Al-supported instructional practices, to identify the contributions of such
practices to science education and the challenges encountered, and thereby to provide an
experience-based, contextual contribution to the literature.

Purpose

The purpose of this study is to examine science teachers’ views and experiences regarding
science lesson processes that integrate generative artificial intelligence, and to explore how they
interpret these experiences. The study aims to answer the following questions.

1. How do science teachers define the connection between artificial intelligence and
science education?

2. What are science teachers' experiences regarding science lesson processes integrated
with artificial intelligence? How do science teachers evaluate the effects of artificial
intelligence-supported applications on students' learning processes?

3. What are the views and suggestions of science teachers regarding the widespread use of
artificial intelligence in science lessons?

Method

Research Design

This qualitative study is aimed at exploring the views and experiences of science teachers
trained in generative artificial intelligence regarding their use of that technology in their
classrooms. The study was conducted in accordance with Husserl’s approach of “descriptive
phenomenology” (Ersoy, 2016). The primary aim of Husserl’s descriptive phenomenology is to
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describe individuals’ perceptions and everyday life experiences (Dahlberg, Drew & Nystrom,
2001; Christensen et al., 2017; Ersoy, 2016; Patton, 2002; Lester, 1999).

Since Al-supported science education is a relatively new, experience-based field of practice for
teachers, an in-depth examination of how teachers experience and evaluate this process is
important. Therefore, a descriptive phenomenological approach was chosen to provide a
detailed account of teachers' individual experiences during lessons that incorporate artificial
intelligence.

In this study, the perspectives and experiences that science teachers developed through firsthand
engagement with Al-supported classroom practices formed the core phenomenon of the
research. Teachers’ experiences were treated as phenomena, with the aim of identifying and
interpreting the common aspects of these experiences.

Participants

The study participants were six science teachers who worked in public schools under the
Ministry of National Education and had received training in generative artificial intelligence.
In selecting participants, the snowball sampling method—one of the purposeful sampling
techniques that enables identification of teachers experienced in generative Al-supported
teaching practices—was used to align with the study’s objectives.

The snowball sampling method is a type of purposive sampling that aims to reach other
participants with similar characteristics through individuals who have experience with the
phenomenon under study. This method is particularly preferred for examining situations that
require specific expertise or experience and are experienced by a limited number of individuals
in the population (Creswell, 2013). In this context, the first participant was identified among
teachers who had participated in a TUBITAK -supported training program on the use of artificial
intelligence in education; subsequently, other teachers with similar experience were reached
through this participant’s recommendations.

The primary criteria for selecting participants for the study were that they had received training
in artificial intelligence and had experience actively using these technologies in their classes. P
articipants used generative Al applications in their classes for various purposes at varying
frequencies, and this diversity was expected to yield rich data for the study. The diversity of
teachers in the study group, regarding age, professional seniority, and educational level,
broadens the scope of the research by reflecting diverse experiences and
perspectivesDemographic information about the participants is presented in Table 1.

In qualitative research, sample size is determined by the principle of data saturation, unlike in
quantitative research. In this study, the interview data were also analyzed concurrently; after a
certain point, similar themes and statements began to recur, limiting the generation of new data.
It was concluded that data saturation was reached with six participants. To ensure the
confidentiality of the participants’ personal information, each was assigned a code name (P1,
P2, ...) and these codes were used throughout the research process.
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Table 1.
Demographic Information of the Study Group
Professional Level of
Code name Gender Age Seniority Education
-- Bachelor of
o1 Female 26 4 Education
02 Female 33 11 Postgraduate
degree
o3 Female 29 | Postgraduate
degree
A4 Male 30 ] Postgraduate
degree
.. Bachelor of
05 Male 40 15 Education
. Bachelor of
06 Male 34 9 Education

Data Collection

In the study, a 15-question semi-structured interview form developed by the researchers was
used for data collection.

Semi-structured interviews are frequently preferred in qualitative research because they allow
participants to describe their experiences in detail and with flexibility using their own words
(Patton, 2002; Yildirnm & Simsek, 2016). Accordingly, the interview form was developed by
taking into account the research objective, sub-problems, and relevant literature. Studies on the
use of artificial intelligence in education, teachers’ experiences, and the integration of artificial
intelligence in science education were reviewed; a pool of questions was created based on this
theoretical framework. To ensure the internal validity (credibility) of the study data, the dataset
was reviewed and expert opinions were sought. The draft form was submitted to experts in the
fields of qualitative research (1), science education (1), and educational technologies (1). Based
on expert feedback, question clarity was improved, similar statements were reorganized, and
the question order was adjusted to align with the flow of the interview. The final form was
designed to allow teachers to thoroughly articulate their experiences with Al-supported teaching
processes and was administered during online interviews. The questions included in the
interview form were as follows:

1. What does artificial intelligence mean to you? How would you define it?

2. Which artificial intelligence technologies have you been using in your classes, and for
how long?

What purpose do you use artificial intelligence technologies for in your classes?
How often do you use artificial intelligence technologies?

In which areas/topics and how do you use artificial intelligence technologies?

AN

When you compare the courses where you use artificial intelligence technologies with
those where you don't, what kinds of differences do you observe?
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7. Can you tell us about the situations you like the most and the least when using artificial
intelligence technologies?

8. What types of behaviors do you observe in your students in the classes where you use
artificial intelligence technologies?

9. How is the feedback from your students regarding the classes where you use artificial
intelligence technologies?

10. In your classes, have you observed how the use of artificial intelligence technologies
affects students' success in science courses?

11. What challenges do you face in science classes that integrate artificial intelligence
technologies, and what are you doing to overcome these challenges?

12. What kind of recommendations would you give your colleagues regarding the use of
artificial intelligence technologies?

13. How has using artificial intelligence technologies in your classes affected your
professional skills?

14. What are your concerns and predictions regarding the risks and potential of artificial
intelligence technologies for the future of your profession?

15. How do you think artificial intelligence technologies affect/will affect teachers' abilities
to think, design, transform, etc.?

Data Collection Process

Data collection and ethical practices were carried out simultaneously and holistically
throughout the research process. As part of this process, individual interviews were conducted
with science teachers in an online setting. The decision to conduct online interviews was
influenced by participants being based in different geographic regions and by the flexibility it
offered in terms of time and access. The interviews were conducted using a pre-prepared semi-
structured interview form; open-ended questions were included to allow participants to express
their experiences in detail. Data depth was enhanced through follow-up questions posed as
needed.

Prior to the interview process, participants were provided with detailed information regarding
the study’s purpose, scope, and ethical principles. Participation was voluntary. Participants
provided explicit consent for the interviews to be audio-recorded and signed consent forms. All
interviews were recorded and transcribed in full; the transcripts were shared with participants
to verify their accuracy. During this process, participants were given the opportunity to make
any necessary corrections and additions, thereby enhancing data reliability.

The study was conducted in full compliance with ethical principles, and all rules specified in
the “Guidelines on Scientific Research and Publication Ethics for Higher Education
Institutions” were adhered to. None of the violations defined under the heading “Actions
Contrary to Research and Publication Ethics” in the aforementioned guidelines were observed.
Additionally, ethical approval for the study was obtained from the Gazi University Ethics
Committee via Decision No. E-77082166-604.01-872656 dated February 7, 2024. Participants’
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personal information was kept confidential, and all data collected were used solely for scientific
purposes.

Data Analysis

In this study, Edmund Husserl’s descriptive phenomenological approach was adopted;
accordingly, a descriptive analysis aimed at presenting participants’ experiences as they are,
rather than an interpretive approach, was preferred during data analysis. Within this framework,
the researchers aimed, by freeing themselves from preconceptions as much as possible, to reach
the essence of participants’ statements and to directly describe the fundamental structure of their
experiences.

Before analysis, interview recordings were transcribed in full and the resulting texts were
reviewed to ensure data integrity. Subsequently, the researchers read the dataset at least three
times; during each reading, participant statements were examined in greater depth to grasp the
holistic meaning structure of their experiences. At this stage, the researchers conducted a
preliminary analysis by familiarizing themselves with the texts and noting striking patterns of
expression and recurring meaning structures.

Next, the open coding process was initiated in the dataset; the texts were examined line-by-line
to identify meaningful units of expression, and codes were assigned to these units to reflect
their content. During the coding process, care was taken to preserve the participants’ original
expressions, and an inductive approach was adopted as much as possible. The resulting codes
were then compared and grouped based on their similarities and relationships, leading to the
formation of subcategories. Taking into account the conceptual relationships between
subcategories, the analysis reached a higher level of abstraction and identified themes. The
transition from codes to themes was carried out systematically and in phases, guided by the
research questions and the common patterns emerging from participants’ narratives.

MAXQDA was used to ensure that the data analysis was transparent, traceable, and systematic.
This software facilitated the organization of codes, the structuring of categories, and the
visualization of relationships among themes. The coding process was carried out independently
by two researchers; this approach aimed to minimize researcher subjectivity during analysis.
After the independent coding was completed, the researchers met to compare their codes,
identifying points of agreement and disagreement. Codes for which there was a discrepancy
were discussed and evaluated after re-examining the relevant data segments until a mutual
agreement was reached. This process was carried out to enhance the consistency and reliability
of the results of the analysis.

The Credibility and Reliability of the Study

In this study, instead of validity and reliability, credibility, transferability, dependability, and
confirmability were adopted as criteria, in line with the traditions of qualitative research. To
strengthen the credibility of the study, member checking was conducted; the findings were
shared with the participants to verify the accuracy of their views. Additionally, care was taken
to support the analytical process with direct quotations from participants' statements, ensuring
that the findings were grounded in the data. To enhance the reliability of the research process,
field experts' opinions were used during data collection and analysis.

11
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To ensure generalizability, the study group, data collection process, and analysis steps were
described in a detailed, systematic manner, thereby enabling evaluation of similar studies in
different contexts. To ensure consistency, data collection and analysis procedures were reported
in a clear, traceable manner, and analyses were conducted independently by two researchers. In
this context, investigator triangulation was used to incorporate different perspectives into the
analysis.

To enhance verifiability, all data, coding, and analysis processes were documented; a systematic
approach was adopted to minimize the impact of researcher bias. Accordingly, the dataset was
re-examined at different times, and the findings obtained during the analysis process were
continuously checked to ensure they were data-driven. Additionally, the raw data, codes, and
generated interpretations were archived to ensure process traceability.

To enhance the reliability of the study, expert opinions were sought during the preparation of
the data collection instrument and the planning of the analysis process. The content validity of
the interview form was strengthened based on expert evaluations; additionally, the opinions of
an independent expert were sought during data analysis to enhance objectivity. The voluntary
selection of teachers, the confidentiality of participants’ names, and adherence to ethical
principles also support the study’s reliability. In this context, all data collected throughout the
research process were systematically handled, and care was taken to ensure that the findings
were consistent, credible, and verifiable.

Findings

The study's first sub-problem aimed to examine how science teachers establish connections
between artificial intelligence and science lessons. In this regard, the data obtained were
analyzed; based on the teachers' views, three main themes were identified: “definition of
artificial intelligence”, “purpose of using artificial intelligence”, and “success in science
courses”. The relationships between these themes and sub-themes are presented in Figure 1.

Figure 1.

The connection between artificial intelligence and science lessons: themes and subthemes

e

The Relationship Between Artificial Intelligence and
Science Education

Definition of Artificial Intelligence Success in Science Courses

@ / Purposes of Usmg Artificial Intelligence \ @
Intelligence Devices \ Impact on Long-Term Learning

@ Reinforcement of Leammg Measurement and Evaluation (]

Human-like Characteristics Impact on Examination Performance

@ Concretization of Abstract Consepts
_ Fri ; Support for Instructional Methods
User- Friendly Design CH

Inconclusive Evidence Regarding Effectiveness
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Definition of Artificial Intelligence: Examination of teachers' definitions reveals that they
cluster around the sub-themes of intelligent devices, human-like characteristics, and user-
friendly design. Participants perceive artificial intelligence not merely as a technical system but
as a structure capable of mimicking human thought processes, making decisions, and interacting
with users. This indicates that teachers understand artificial intelligence as a functional and
pedagogical tool.

For example, O3 defines artificial intelligence as “software designed to facilitate human life,
with the ability to respond in ways similar to human thinking through various commands”,
emphasizing artificial intelligence's capacity to mimic cognitive processes. Similarly, O2's
statement “loading human characteristics onto electronic devices” reveals that teachers
conceptualize artificial intelligence through human-like characteristics. These findings show
that teachers' perceptions of artificial intelligence are shaped by experience and pedagogical
context rather than by technical definitions.

Findings on the purposes of using artificial intelligence in science lessons have been grouped
under the subthemes: reinforcement of learning, support for instructional methods,
concretization of abstract concepts, and measurement and evaluation. Teachers evaluate
artificial intelligence as a tool that supports the teaching process and deepens learning rather
than as an element that replaces direct teaching. O1's statement, “how can I teach better,” shows
that teachers view artificial intelligence as a pedagogical aid. O2's statement, “to bring to life
in the eyes of students, that is, to make abstract concepts concrete,” shows that artificial
intelligence is positioned as a tool facilitating students' understanding of abstract concepts,
especially in science lessons. These findings suggest that teachers tend to use artificial
intelligence consciously and selectively for instructional purposes.

Success in Science Courses: The sub-themes identified within this theme are the impact on
long-term (retained) learning, the impact on examination performance, and inconclusive
evidence regarding effectiveness. Teachers' opinions reflect a cautious but generally positive
attitude toward the impact of artificial intelligence on learning. O4's statement, “If I can retrieve
information I taught in 6th grade in 8th grade, this has led to lasting learning in the child.
Technology has a big impact on this,” reveals the perception that Al-supported teaching
contributes to long-term learning. Teacher 1, on the other hand, draws attention to the
conditional effect of artificial intelligence use, emphasizing that it can yield positive results
“when used appropriately and correctly.” O2's criticism of the measurement and evaluation
processes is expressed as follows: “I don't think the measurement and evaluation system we use
measures this success.” These statements show that although teachers, based on their
experience, evaluate the impact of artificial intelligence on learning positively, they believe that
the current measurement and evaluation systems do not adequately reflect this impact.

The second sub-problem of the study aimed to reveal science teachers' experiences in lessons
integrated with artificial intelligence. From the analysis of the data, six main themes were
identified: “courses with and without the use of artificial intelligence”, “student academic
achievement”, “feedback on lessons”, “student behavior”, “challenges encountered during
instruction”, and “liked and disliked aspects of the use of artificial intelligence”. The

relationships between the themes and sub-themes are presented in Figures 2 and 3.
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Figure 2.

Science lesson themes integrated with artificial intelligence
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Courses With and Without the Use of Artificial Intelligence: Within this theme, teachers
evaluated Al-supported lessons in terms of student motivation, interest, and learning retention.
Teachers' opinions indicate that lessons using artificial intelligence increase students' interest
and participation in lessons; however, sustaining this interest requires careful management. O1's
statement that “their interest increases rapidly, but they get bored quickly afterwards” indicates
that artificial intelligence, while an attention-grabbing tool, can have a superficial effect if
pedagogical balance is not maintained. In contrast, O4's statement, “it is not as effective as the
applications I use with artificial intelligence,” indicates that Al-supported lessons are perceived
as more effective than traditional methods.
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Students’ Academic Achievement: Under this theme, teachers emphasized, in particular, the
impact of artificial intelligence on long-term learning, however, they adopted a cautious
approach to assessing exam performance. Teachers noted a visible improvement in the quality
of learning, but stated that this improvement was not adequately captured by the current
measurement and evaluation systems. Teachers' opinions reveal that artificial intelligence
should evaluate success not only by exam performance but also by the depth and continuity of
learning.

Feedback on Lessons: Within this theme, teachers reported that student feedback was extremely
positive; however, parental attitudes generally provided limited support. O2's statement,
“Supportive parents can be counted on one hand, but the students really like them,” shows that
Al-supported applications are perceived as student-centered; however, parents are not
sufficiently involved in the process.

Behaviors Observed in Students: Teachers stated that, in lessons integrated with artificial
intelligence, students became more motivated to learn, developed curiosity about technology,
and participated more actively in the learning process. O4's statement that “children learn more
comfortably because they enjoy it” draws attention to the decisive role of the affective
dimension in the learning process.

Challenges Encountered During Instruction: Under this theme, deficiencies in classroom
management, the content development process, and technological infrastructure came to the
fore. In particular, Teachers working in disadvantaged regions stated that internet and hardware
deficiencies made it difficult to sustain artificial intelligence applications. For example, O5
stated, “There are situations I don't like because of the school environment.” Since I work in a
village school, we may experience problems with internet connectivity or power supply. "In
this sense, it is sometimes difficult to use the applications," O6 stated, "since it is a school in a
disadvantaged area, it is not very likely for students to access these technologies outside of
school." Therefore, everything I do at school is to important to them; when Al-supported
applications are used, they engage students' attention. These statements clearly demonstrate that
the use of artificial intelligence must be considered in the context of inequality of opportunity.

Liked and Disliked Aspects of Artificial Intelligence Use: The vast majority of teachers
considered increased student interest and the concretization of abstract concepts to be positive
aspects of artificial intelligence use, and considered the reduction of teachers' workload
positive to a certain extent. O3's statement that they effectively use ChatGPT in the process of
preparing content and questions shows that artificial intelligence is positioned as a tool
supporting teachers' pedagogical productivity. However, teachers mentioned distractions,
excessive use of technology, and infrastructure problems as risks that need to be carefully
managed.

In the study's third sub-problem, the suggestions of science teachers regarding the widespread
use of artificial intelligence in educational processes were examined. As a result of the analysis,
teachers' opinions were grouped into three main themes: “professional development and
training”, “knowledge sharing”, and “technological support”. The themes identified concerning
the widespread use of artificial intelligence, together with their subdimensions, are presented in

Figure 4.
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Figure 4.

Themes for recommendations to increase the use of artificial intelligence
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Professional Development and Training: Teachers emphasized that to promote the widespread
use of artificial intelligence, it is necessary to strengthen educational processes that support
teachers' individual and professional development. Teachers' views reveal a strong awareness
that artificial intelligence will play an increasingly central role in education. In this context,
teachers stated that knowledge and skills related to artificial intelligence should be considered
professional requirements rather than matters of choice. It is recommended that they also
prioritize their personal development. I believe it should be used in lessons because
technology, given the current situation, has become an indispensable part of our lives. Whether
we like it or not, technology may reach even more advanced levels in lessons within five to
ten years. We do not yet whether children will indicate their approval via their phones or by
scanning QR codes during roll calls. Therefore, I recommend that all my colleagues improve
their skills in this area.” and O4's statement: "I show them the new applications I have learned,
and they show me the applications they know." In this way, we can exchange information."
These statements show that teachers see adapting to artificial intelligence as an inevitable
professional responsibility. This view aligns with the prediction that artificial intelligence will
become a natural component of teaching processes.

Knowledge Sharing: Under the theme of information sharing, teachers stated that interaction
among colleagues and the sharing of experiences play an important role in the widespread use
of artificial intelligence. Teachers stated that exchanging information through peer learning,
in addition to formal training, supports application-oriented learning. O4's statement, “This is
how we can exchange information,” indicates the formation of a professional learning
community among teachers characterized by mutual learning. This situation indicates that
artificial intelligence integration is strengthened not only through individual efforts but also
through collective professional interactions.

Technological Support: Teachers' opinions indicate that technological infrastructure and
institutional support are decisive factors in the widespread use of artificial intelligence. It has
been emphasized that providing basic technological resources, such as hardware, software,
and internet access, is critical for teachers to use artificial intelligence applications sustainably.
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In this context, teachers have stated that the use of artificial intelligence in education is a
process that requires system-level planning and support, beyond individual competencies.

Conclusion and Discussion

In this section, findings derived from science teachers’ views and experiences regarding
generative Al-supported teaching practices, gathered in this research, are discussed in light of
the existing theoretical framework and prior studies, and the pedagogical and practical
dimensions of Al integration in science education are evaluated. The findings indicate that
science teachers primarily use generative artificial intelligence to support instruction. This
result aligns with studies (Cetin & Aktas, 2021; Rensfeldt & Rahm, 2023) that emphasize
artificial intelligence as a tool that supports the teaching process rather than replacing the
teacher. However, the active use of Al by teachers in this study, particularly in the
concretization of abstract concepts, highlights a discipline-specific distinction inherent to
science education. While the general benefits of Al use are emphasized in the literature, the
fact that discipline-specific pedagogical applications are more pronounced in this study
constitutes the study's unique contribution.

The findings of this study, in which teachers expressed the view that AI-supported applications
increase students’ interest and motivation, align with previous research (Karacif, 2024; Arn &
Erkus, 2025). However, teachers’ critiques that this positive effect is not sufficiently reflected
in current assessment and evaluation systems warrant attention. This situation points to a
dimension that has been addressed only to a limited extent in the literature. In particular, the
inability to adequately measure the outcomes of Al-supported learning in exam-focused
education systems suggests a mismatch between pedagogical gains and assessment systems.
These findings reveal not only the impact of Al use but also how the education system limits
this impact.

Teachers’ experiences with the use of artificial intelligence indicate that this technology
contributes to the retention of learning. While this finding aligns with the view on cognitive
development outlined by Yang (2022), it is noteworthy that teachers tend to frame this
contribution primarily in the context of long-term learning. This suggests that artificial
intelligence influences not only short-term academic achievement but also the continuity of
learning, offering an alternative perspective to Al effects that the literature predominantly
evaluates based on success.

The study identified infrastructure deficiencies, a lack of time, and curriculum incompatibility
as the primary challenges that teachers face when using artificial intelligence. These findings
are consistent with previous studies (Eren et al., 2025; Colak-Yazic1 & Erkog, 2023). However,
the current study has more concretely demonstrated how these issues manifest in teachers’
daily classroom practices. This indicates that Al integration is not merely a technical issue; it
must be evaluated in conjunction with pedagogical, structural, and contextual factors. T
eachers have stated that the current curriculum is not sufficiently adapted to Al integration,
that class hours are limited, and that the exam-focused system restricts the scope of
application. In this context, teachers’ experiences reveal that the use of Al is shaped not only
by individual preferences but also by systemic conditions.
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The findings also indicate that teachers primarily use artificial intelligence for personal and
professional development rather than for in-class instruction. This aligns with findings in the
literature. For example, while Collie & Martin (2024) note that a significant portion of
teachers do not directly integrate artificial intelligence into their teaching processes,
Moorhouse (2024) has demonstrated that these technologies are used more frequently in
lesson planning and material preparation processes. However, Ar1 & Erkus (2025) state that
teachers consider the use of artificial intelligence necessary and that these technologies enrich
the learning environment. This contradictory situation indicates that despite teachers’ positive
attitudes toward Al, they face various structural and pedagogical limitations during the
implementation process. Consequently, the reflection of Al use in classroom practices depends
not only on teacher preference but also on systemic and pedagogical conditions.

On the other hand, it appears that teachers perceive their competence in integrating artificial
intelligence into education as limited. A study by Cheah, Lu, and Kim (2025) also indicates
that teachers do not feel sufficiently prepared in this regard. This situation demonstrates that
teachers need support to develop their artificial intelligence literacy and pedagogical
application skills. However, the fact that Al tools offer opportunities for data analysis, material
development, and personalized learning (Huang et al., 2021; Bilad et al., 2023; Fitria, 2021)
demonstrates that this technology holds significant opportunities for education. However, the
effective utilization of these opportunities is directly linked to how teachers contextualize
these tools within a pedagogical framework.

Studies within science education also underscore the importance of integrating artificial
intelligence. Park et al. (2023) emphasize the necessity of integrating artificial intelligence
with science content, while Powell & Courchesne (2024) note that generative Al tools can be
effective in lesson planning processes but that content must be critically evaluated by teachers.
Cooper (2023b), on the other hand, draws attention to the ethical dimensions of Al use. In this
context, the study demonstrates that teachers view Al as a pedagogical tool and adapt this
technology in accordance with their teaching approaches.

This study demonstrates that the use of artificial intelligence is not merely a technological
innovation but a multidimensional process shaped by teachers’ experiences, pedagogical
preferences, and the structural characteristics of the education system. In this regard, the study
offers an experience-based and contextual contribution to the literature on artificial
intelligence integration.

Recommendations

Based on the findings of this study and on science teachers’ experiences with generative Al-
supported teaching processes, the following recommendations have been developed. First,
teachers have found artificial intelligence to be an effective tool, particularly in concretizing
abstract concepts, increasing student engagement, and enhancing in-class interaction.
Accordingly, it is recommended that practice-based professional development initiatives be
expanded to support teachers in using Al tools consciously and strategically for pedagogical
purposes in their classroom practices.
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Teachers’ experiences indicate that the use of artificial intelligence increases student
engagement in the classroom, but current assessment systems do not adequately reflect this
learning outcome. Therefore, it would be beneficial to develop guidance and best practices to
support teachers' use of alternative assessment approaches in classroom assessment.

Teachers participating in the study reported challenges such as time constraints, insufficient
technical infrastructure, and incompatibility with the curriculum when using Al applications.
In this context, it is recommended that teachers be supported by Al applications that are
adaptable to current classroom conditions, practical, and accessible, and that professional
learning communities for sharing experiences be established.

Teachers’ experiences with the use of artificial intelligence indicate that this technology is
viewed as a tool that supports teaching rather than as a substitute for teachers. Therefore, it is
important to expand the availability of experience-based training programs that support
teachers in integrating Al tools into their pedagogical decision-making processes.

Because this study included a limited number of teachers, qualitative studies involving
teachers from different subject areas and varying levels of experience would contribute to a
deeper understanding of teachers’ experiences using artificial intelligence.
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