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Abstract 

This study aimed to compare the competencies of science teachers and ChatGPT in identifying 

students’ incorrect ideas and generating feedback ideas regarding the topics of “Heat and 

Temperature”. In this context, it was also revealed, in terms of professional seniority and 

educational level, how science teachers compare to ChatGPT in generating these ideas. This 

study employed a comparative case study design, which is one of the qualitative research 

approaches. The sample comprised 28 science teachers and the artificial intelligence program 

ChatGPT. The data were collected using the “Student Error Identification and Feedback Form”. 

The ideas generated regarding student errors were descriptively analyzed based on their 
explanation levels (adequate, partially adequate, and inadequate), while the feedback ideas were 

analyzed descriptively using predetermined codes. The findings revealed that approximately half 

of the teachers were able to identify student errors at an adequate level, whereas ChatGPT tended 

to provide superficial or incomplete analyses when detecting mistakes in student responses. In 

terms of professional seniority, teachers in the activeness stage (7–18 years of experience) with 

a master's degree were the most productive group both in identifying student errors and in 

providing feedback, and they exhibited a level of feedback productivity comparable to that of 

ChatGPT. It was observed that novice teachers and those with only a bachelor's degree 

demonstrated substantial shortcomings in the productivity of both identifying student errors and 

generating feedback ideas. This group was found to lag significantly behind ChatGPT in terms 

of productivity. These findings suggest that the combination of educational attainment and 
professional experience plays a critical role in accurately identifying students’ thinking and 

producing high-quality feedback, and that ChatGPT, in particular, could serve as a 

complementary tool that more strongly supports learning for novice teachers in generating 

feedback ideas. 
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INTRODUCTION 

In science courses, it is of great importance for students to learn fundamental physics topics accurately, as 

understanding physical phenomena enables a better comprehension of nature and the universe. Among these 

topics, “Heat and Temperature” holds a significant place in the science curriculum, beginning in the early years of 

middle school and continuing throughout students’ entire educational journey. Research indicates that “Heat and 

Temperature” is among the topics with which students experience the greatest learning difficulties (Salame et al., 

2025; Soeharto et al., 2019). Therefore, the depth of professional knowledge that science teachers possess when 
teaching heat and temperature becomes particularly significant (Inaltekin & Akcay, 2021). Teachers’ knowledge 

of understanding and assessing students is defined as one of the fundamental dimensions within teacher 

professional knowledge models (Carlson et al., 2019; Gess-Newsome et al., 2019; Magnusson et al., 1999; Park 

& Oliver, 2008). Moreover, these dimensions are also regarded as core components that influence one another 

within the broader framework of teacher professional knowledge (Barendsen & Henze, 2019). In this context, 
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feedback, situated within the assessment knowledge dimension of science teachers, serves as a powerful 

pedagogical tool that guides students’ ways of thinking, helps them recognize their mistakes, and promotes 

meaningful learning (Black & Wiliam, 2018; Brown, 2018). Recognized as one of the most effective instructional 
strategies for supporting student learning (Hattie & Timperley, 2007), feedback plays a critical role in deepening 

students’ understanding and ensuring accurate knowledge acquisition, particularly in conceptually dense subjects 

such as science (Deverel-Rico & Furtak, 2025). Topics such as “Heat and Temperature” which students often find 

difficult to learn, are among the important subjects that require accurate and timely feedback (Andini et al., 2024). 

In such physics topics, high-quality feedback directly influences students’ understanding (Wancham & 

Tangdhanakanond, 2022). Therefore, it is considered that teachers’ ability to understand their students’ incorrect 

ideas regarding “heat and temperature” and to provide high-quality feedback in response to these incorrect ideas 

has a direct impact on the quality of instruction in this topic. Supporting this view, Miller et al. (2013) describe 

feedback as a fundamental element of formative assessment, as it contributes to correcting learning errors and 

reinforcing achievement. In science courses, effective feedback should be clear, constructive, and tailored, 

fostering conceptual development and self-regulation in a way that supports student learning (Güney & Feyzioğlu, 
2023; Irons & Elkington, 2021; Limbere et al., 2022). Wancham and Tangdhanakanond (2022) emphasize that 

effective feedback not only enhances students’ achievement but also improves their problem-solving skills. Thus, 

in science education, high-quality feedback enables students to achieve deeper learning. However, it is known that 

some science teachers have significant deficiencies in accurately identifying student understanding and providing 

effective feedback (Sadler & Sonnert, 2016). Various factors, including limited time, large class sizes, knowledge, 

pedagogical competence, educational background, and professional experience, may contribute to this situation 

(Hartelt et al., 2022). In recent years, the increasing integration of artificial intelligence (AI) technologies into 

education has led teachers to question their professional knowledge and skills to an even greater extent (Almasri, 

2024; Al Darayseh, 2023; Park et al., 2023). The potential and impact of AI technologies in the context of high- 

quality science education have reached remarkably notable levels (Huang, 2024; Jia et al., 2024). It has been 

emphasized that by leveraging AI, educators can move away from traditional, one-size-fits-all approaches to 

education and instead provide students with personalized and interactive learning experiences (Almasri, 2024). 
One of the most common and effective applications in this field, ChatGPT offers information that can influence 

science education for students at all levels (Cooper, 2023). Today, ChatGPT presents the image of a mechanized 

human in various aspects of science education, including delivering scientific information, problem-solving, 

planning, and generating original ideas (Zhai, 2023). Discussions regarding the potential societal impacts of AI 

have recently attracted considerable attention among educators, as debates over the relationship between AI 

outputs and substantial job losses in education continue to grow (Pavlik, 2023). In this context, due to its highly 

efficient ability to “understand” natural language, ChatGPT has been described as the large-scale data model most 

closely resembling human intelligence (Binz & Schulz, 2023). Therefore, it is increasingly asserted that, within 

the next decade, AI will replace teachers just as it is expected to replace many other professions (Bill Gates, 2025). 

Research aiming to substantiate this claim has recently intensified in the field of education. In this context, the 

number of studies focusing on ChatGPT within the domain of science education has been steadily increasing (Ng 
et al., 2024; Park & Martin, 2024; Valeri et al., 2025). These studies primarily aim to reveal the pedagogical effects 

of ChatGPT. Furthermore, in recent years, AI-based systems have attracted attention for their potential to provide 

students with instant and personalized feedback (Hooda et al., 2022; Wongvorachan et al., 2022; Xu et al., 2023). 

One such system, ChatGPT, is capable of generating responses that are explanatory, corrective, and directive in 

nature to students’ answers (Ba et al., 2025; Sain et al., 2024; Wang et al., 2025). Considering ChatGPT’s apparent 

uses and the concerns surrounding its role in education, evaluating its outcomes in the context of science education 

is of significant importance (Cooper, 2023). A review of the literature reveals that previous research examining 

the potential of ChatGPT in generating instructional texts on science topics is insufficient (Lee & Zhai, 2024). As 

AI applications increasingly influence science education, understanding their effectiveness in comparison with 

human-centered knowledge and skills has become highly important. In particular, the extent to which AI-based 

tools such as ChatGPT align with or differ from teachers, both in identifying students’ incorrect ideas and in 

providing feedback from a content and pedagogical perspective, has not yet been sufficiently explored. 
Furthermore, how teachers and AI systems like ChatGPT evaluate the same student response, and the nature of 

the feedback they provide, have not been adequately investigated. This situation creates an uncertainty in science 

education research. In this context, the present study aims to reveal how teachers and an AI application, ChatGPT, 

approach understanding student responses, to evaluate the pedagogical effectiveness of tools such as ChatGPT in 

providing feedback, and to establish a foundation for future teacher–AI-supported hybrid learning environments. 

Furthermore, this study is expected to fill an important gap by providing scientific data on the in-class use of AI 

tools and by contributing to the optimization of human–technology collaboration in science education. 

Additionally, by comparing science teachers’ professional knowledge in understanding and assessing students with 

AI-generated information, this study seeks to make significant contributions to both science education practitioners 

and AI developers. Within the scope of the study, the ability of two different sources (teachers and ChatGPT) to 
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identify errors in students’ answers to questions on the topic of heat and temperature, as well as the feedback they 

provided to students, was compared from a pedagogical perspective. In addition, during this comparison process, 

teachers’ professional seniority and educational background were taken into account to examine their existing 
strengths and weaknesses in greater depth relative to ChatGPT. In this way, the idea-generation potential of both 

teachers and AI-supported systems such as ChatGPT was evaluated in the context of science education with respect 

to different variables. 

Student Assessment and Feedback on the Topics of Heat and Temperature 

The concepts of heat and temperature form the basis for understanding many physical and chemical processes in 

thermodynamics and thermochemistry (Elkababi et al., 2020). Heat and temperature are fundamental physics 

topics that often pose significant learning challenges for students (Eric et al., 2021). The difficulties students 

encounter in understanding these concepts can negatively affect their ability to analyze and solve real-life problems 

(Yulianti et al., 2025). Many students struggle to answer questions posed by teachers on these topics because they 
are unable to directly observe the phenomena involved (Başer, 2006). However, Kotsis et al. (2023) report that 

everyday experiences are a particularly important factor in students’ perception of thermal phenomena. The 

researchers found that students’ perceptions of the concept of heat remain highly resistant throughout the 

educational process from primary school to university. In this process, providing students with effective feedback 

can help them accurately construct their knowledge on the topic and correct their misconceptions (Andini et al., 

2024). One of the most important characteristics of effective feedback is the teacher’s ability to accurately analyze 

student understanding and, based on this analysis, to present strategies that correct learning errors (Brookhart, 

2017). In feedback related to the topics of heat and temperature, it is important for the teacher to encourage the 

student to question their own ideas (Åhman & Jeppsson, 2020). Therefore, student assessments and effective 

feedback on the topics of heat and temperature not only serve to measure learning levels but also function as tools 

to guide and enhance learning (Jewaru et al., 2022). 

Assessment in Science Education and ChatGPT 

AI plays an important role in the rapidly increasing digitalization of society. Its ability to process large amounts 

of data and provide meaningful insights is leading to increasingly significant transformations in many areas of 

daily life (Cooper, 2023; Yang, 2022). As the variety of fields in which AI-based learning applications are used 

expands, the opportunities offered to improve the education system and keep pace with developments also increase 
(Al Darayseh, 2023). In recent years, there has been a growing interest in the integration of AI applications into 

science education, and it has been emphasized that these applications have the potential to significantly transform 

the ways in which science is taught and learned (Almasri, 2024; Cai et al., 2025). Jia et al. (2024), in their study 

reviewing trends and practices in the use of AI in science education over the past decade, demonstrate that AI is 

having an increasingly significant impact on science education. Similarly, Almasri (2024) reveals that AI- 

supported tools have been extensively integrated into science education for various pedagogical purposes, such as 

improving the learning environment, preparing examinations, assessing students’ work, and predicting their 

academic performance. In particular, recent emphasis has been placed on the use of AI applications in the design 

and refinement of assessment tools and performance tasks, highlighting their role in determining the student’s next 

step in the learning process (Jin, 2019). This is because AI applications in science education provide students with 

opportunities for interactive guidance to enhance the learning process. Students can also benefit from instant 

feedback and adaptive learning pathways, thereby addressing any misconceptions or gaps in their understanding 
of scientific phenomena (Mavroudi et al., 2018). The integration of AI and ChatGPT into assessment has led to a 

remarkable transformation in science education (Alabadi et al., 2023). AI enables science educators to effectively 

monitor students’ progress, allowing for targeted interventions and the provision of necessary support. Moreover, 

it makes science education more engaging and accessible for students with diverse learning needs (Almasri, 2024). 

There is a rather limited body of research on the use of AI and ChatGPT in student assessment within science 

education. Among these studies, Alabidi et al. (2023) highlight that ChatGPT’s personalized feedback and adaptive 

assessment features facilitate students’ active engagement in original scientific research, use of critical thinking 

skills, and participation in problem-solving activities. Zhai and Nehm (2023) emphasize the significant 

contributions of AI in providing formative feedback to students, assisting teachers in assessment practices, and 

supporting instructional decision-making. Wu et al. (2025) note that AI (ChatGPT) has substantial potential to 

transform education in large classroom settings by promoting active learning and self-assessment. The study by 
Lee and Zhai (2024) with preservice science teachers reveals that ChatGPT has a significant impact on assessment 

and feedback. Taani and Alabidi (2024) emphasize the positive effects of ChatGPT on science teachers. In their 

study, teachers drew attention to ChatGPT’s effectiveness in providing instant feedback to students. They also 

stated that ChatGPT facilitates teachers’ ability to identify and address students’ weaknesses by analyzing student 

responses and interactions. In addition, it was highlighted that ChatGPT makes important contributions to 

delivering targeted interventions, personalized guidance, and individualized instruction. 
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Research Problem and Purpose 

Teachers’ understanding of students’ responses to topics such as “Heat and Temperature,” where students 

experience significant learning difficulties, and the feedback they provide play a crucial role in shaping the 
instructional process for these concepts. However, the quality of such insights is significantly influenced by various 

teacher-related factors (Demirci & Şahin, 2016). In particular, teacher feedback on students’ responses can often 

be quite limited today due to constraints of time and competence (Wan & Chen, 2024). At this point, it is noted 

that ChatGPT, an AI-supported program, has the potential to rapidly and effectively support students’ learning 

processes. However, there is concern that ChatGPT may not reach the level of teacher feedback, particularly in 

terms of contextual understanding of errors and pedagogical consistency. Moreover, it remains unclear to what 

extent students can trust AI-generated feedback. This gap stems primarily from the lack of concrete data on 

effective AI feedback that supports student development, particularly in the context of science education. 

Therefore, the extent to which the pedagogical quality of AI-generated insights is as effective as that of teacher- 

generated insights has not yet been sufficiently investigated. Moreover, this situation presents itself as an 

uncertainty in technology-assisted instructional practices. In line with this gap, comparing the extent to which 
science teachers and ChatGPT can identify inaccuracies in the same student responses, as well as the feedback 

they provide on these responses, serves an important purpose for the future design of teacher-AI interactive 

learning environments. The study can provide data for hybrid learning models by revealing the strengths and 

weaknesses of both human-based and AI-based sources regarding incorrect ideas and feedback ideas in student 

responses on the topics of heat and temperature. In this context, the present study aims to compare science teachers 

and ChatGPT, an AI-supported system, in terms of their ability to detect incorrect ideas in student responses to 

questions on “Heat and Temperature” at the middle school level and the feedback they offer on these incorrect 

ideas. Within the scope of the study, the inaccuracies in students’ responses, as well as the content and pedagogical 

quality of the feedback provided by both sources (teachers and ChatGPT), were evaluated. In this way, the 

intellectual similarities and differences between traditional teacher feedback and AI-supported feedback, as well 

as how they can complement each other, were revealed. Accordingly, the guiding research question of the study 

was determined as follows: “In middle school science courses, based on students’ responses to questions on the 
topics of ‘Heat and Temperature,’ what are the levels at which teachers and ChatGPT identify inaccuracies in these 

responses, and what similarities and differences exist between them in terms of the feedback that should be 

provided?” 

The sub-questions to be answered in the study are as follows: 

● What are the levels at which science teachers and ChatGPT identify errors in students’ responses? 

● How do science teachers’ levels of identifying errors in students’ responses vary according to them 
professional seniority and educational background, and how do they perform compared to ChatGPT? 

● How do the feedback provided by science teachers on students’ responses vary according to them 

professional seniority and educational background, and how do they perform compared to ChatGPT? 
 

METHOD 

 

Research Design 

This study was conducted using comparative case study design, one of the qualitative research methods (Mello, 

2021). Within this design, the study aimed to compare, both pedagogically and in terms of content, the extent to 

which student errors in the same student responses were identified by two different sources (teachers and 

ChatGPT) and the feedback they provided. 

Participants and Data Source 

A total of 28 science teachers working at the middle school level, including 15 males and 13 females, participated 

in the study. Of these teachers, 2 were in the “commitment” stage (novice, ≤3 years), 8 were in the “career stability” 
stage (mid-level, 4–6 years), 14 were in the “activeness” stage (experienced, 7–18 years), and 4 were in the 

“stagnation” stage (highly experienced but with low interaction, 19–30 years). In addition, 16 of the participating 

teachers held a bachelor’s degree, 10 held a master’s degree, and 2 held a doctoral degree. As the comparative 

source, the standard (non-Pro) version of ChatGPT was used among artificial intelligence applications. 

Data Collection 

In the study, two questions designed to reveal student incorrect ideas about the topics of “Heat and Temperature,” 

which had been prepared in a previous study by one of the researchers, were used to collect data from both teachers 

and ChatGPT. From the responses collected from 8th-grade students who had studied the topic of heat and 

temperature, one response for each question was used within the scope of this research. Based on these questions 

and the student responses, a second form, the “Student Error Identification and Feedback Form”, was prepared. In 

this form, teachers were asked to identify the errors in the student’s response and to write the feedback that should 
be provided based on the student’s answers (see Table 1). These forms were distributed to each participating 

teacher by the researchers with detailed explanations. Teachers were given approximately 60 minutes to complete 
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the forms. During data collection, some teachers completed the forms in the researchers’ office, while others 

gathered at their own institutions at convenient times to do so. In addition, the same questions and student 

responses were entered into ChatGPT, and a “prompt” was written regarding the ideas it was asked to generate 

(see Table 1). The reason for focusing on two questions on the topic of heat and temperature in this study was to 

verify the quality of the responses provided by both teachers and ChatGPT. 

Table 1. Data Collection Forms Administered to Teachers and ChatGPT Prompts 

Q1.  Containers with the same properties contain water 

and salt; their amounts are indicated below the 

containers. Let us imagine that, on a cold winter day, 

we place the water in these containers on the 

windowsill. In what order do you think the water in 

these containers would freeze? Explain. 

 
Student's response: "When we observe the water and 

salt in these containers, the water in container D freezes first. Then, the water in containers A and B freeze at 

the same time. Finally, the water in container C freezes. The reason for this is that salt lowers the freezing 

point of water. Therefore, when we look at the amount of salt in the containers, since container D has no salt, 

the water in this container freezes first. Then, since containers A and B each have an equal amount of 5 g of 

salt, they freeze at the same temperature. Lastly, the water in container C, which has the highest amount of 

salt added, 10 g, freezes." 

Q2. The initial temperature of identical tubes A, B, and C is 

90 °C, and their masses are 400 g, 300 g, and 200 g, 
respectively. These tubes are immersed in containers I, II, 

and III, each containing an equal amount of water at a 

temperature of 30 °C. When the heat exchange between the 

tubes and the water in the containers is complete, what do 

you think will be the temperatures of the water in containers 

I, II, and III? Explain. 

Student's response: "Here, the temperature of each tube is equal and 90 °C. It is also known that the masses 

of the containers are equal. Since the mass of the liquid in tube A is the greatest, at 400 g, the temperature 

change in container I will be the greatest; then, the change in container II, into which tube B is immersed, 

will be slightly less, and the smallest temperature change will occur in container III, into which the smallest-

mass tube C is immersed." 

By examining the above responses from a student to whom you asked these questions, write your 

thoughts regarding the student's answers and your feedback appropriate to these responses. 

…………………………………………………………………………………………………………………… 

Prompts entered into ChatGPT:  

 

 

 

 

 

The prompt entered for 

both questions:  
“I have now provided you 

with a written exam question 

on the topics of 'Heat and 

Temperature' that I asked my 

students, along with a 
response given by a student. 

What can you say here 

regarding the errors in the 

student's answer and the 

feedback that should be given 

to the student in relation to 

this answer?” 
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Data Analysis 

The data obtained in this study were analyzed using the descriptive analysis method. In this context, the researchers 

first conducted a literature review to identify the types of feedback provided for student responses (McMillan, 

2014; Panadero & Lipnevich, 2022). Eight types of feedback common to the reviewed sources were identified (see 

Table 2), and the researchers evaluated the feedback given by both the teachers and ChatGPT in line with this 

classification. For data analysis, six sample responses related to student errors and feedback generated by the 

science teachers and ChatGPT were first evaluated by a committee consisting of a science education expert and 

two researchers, using a double-blind protocol. During the evaluation process, the descriptions of both the experts 
and the researchers were compared, and discussions were held on evaluations where inconsistencies were 

identified. These evaluations yielded a consistency rate of over 90%. Subsequently, the two researchers separately 

reviewed all the remaining response forms in the same manner, and as a result of this review, an agreement rate of 

over 90% was achieved both in identifying student errors and in classifying the feedback. Differences in 

evaluations were reviewed, and complete consensus was reached among the researchers on all responses. In this 

way, the error identification and feedback suggestions of both the teachers and ChatGPT were analyzed 

descriptively. These analyses were presented in the findings in the form of frequencies, percentages, and sample 

excerpts. 

Table 2. Feedback Classification (McMillan, 2014) 

Types of Feedback Description 
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Correct Answer 
Without providing additional information, the student is only 

informed whether their answer is correct or incorrect. 

Try Again 
It is stated that the students’ answer is incorrect, and they are given 

an opportunity to try again. 

Marking errors 

The students’ errors are marked and indicated, but the correct 

answer is not given, and the student is not told what needs to be 
done to improve their performance. 
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Abstraction of the 

attribute 

The fundamental features of the learned topic are separated from 

other subtopics and explained by the teacher. 

Answer-based 

feedback 

Based on the student’s answer and performance, the teacher 

explains why the answer is correct or incorrect. 

Providing hints  
Hints are provided by the teacher to the student in order for the 

correct answer to be found by the student. 

Error Analysis 
Misunderstood topics are identified, and error analysis is 

conducted together with the students. 

Guided feedback 
Providing strategies on how the student can demonstrate the 
required performance without giving the correct answer, including 

the marking of errors. 

Goal Based Feedback 
It is the provision of information about the extent to which students 
have or have not achieved a predetermined goal. 

Support Based Feedback 

Teachers interact with students to determine their levels and 
provide the necessary support for them to learn each step by 

breaking down the activities they are expected to participate in 
into smaller steps. Teachers offer hints, strategies, and new 
materials as supportive elements to the students and help them 
acquire learning skills step by step. The focus is placed on the 
skills that the student can accomplish with assistance rather than 
the performance they can demonstrate independently. 

Person Based Feedback 

Here, the teacher compares the student’s performance and the 

expected performance with their previous performance. The 

teacher will help increase the student’s self-belief regarding their 

ability to learn the topics. In addition, they will assist the student 

in understanding what needs to be done in the next step. The 

teacher should show the student which of their behaviors and 

efforts played a role in reaching the correct answer. 
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Feedback that is based on established 

standards 

It is the act of comparing the students’ performance with 

predetermined standards and providing feedback accordingly. The 

teacher focuses on the student’s level of learning based on the 
established criteria. Here, rather than making a comparison with 

the student’s previous performance, the emphasis is placed on the 

student’s achievements and shortcomings according to the 

predetermined criteria and performance indicators. 

 

To determine the levels at which both teachers and ChatGPT generated ideas regarding the errors in the student’s 

response, the researchers also developed an “Error Identification Level Rubric” (Table 3). This rubric comprises 

three levels for identifying errors in a student’s response: adequate, partially adequate, and inadequate. 

Table 3. Classification of Teachers’ Idea Generation Levels Regarding Students’ Thinking 

Level Q1 Scientifically Correct Approach to 

Student Error 

Q2 Scientifically Correct 

Approach to Student Error 

Adequate: The response 

fully conveys the errors 
in the student’s answer or 

provides a detailed 

elaboration of the 

student’s errors in many 

aspects. 

 

 

 

 

 

 
   

The student could not think that the liquid 

in container D would freeze first, then B, 
then C, and lastly the mixture in container 

A. The student does not know that the 

amount of substance affects the freezing 

time, not the freezing point. Therefore, 

since the salt ratios in containers B and C 

are the same, the student did not understand 

that the freezing points would also decrease 

equally. However, the student did not think 

that container B would freeze earlier 

because it has less amount of substance. In 

addition, the student could not determine 
that the salt ratio in container A is the 

highest. Therefore, the student did not 

predict that this salt ratio represents the 

lowest freezing point and that the mixture 

in container A would freeze last. The 

student correctly interprets that the water in 

container D will freeze first and that 

freezing will start there because there is no 

salt in this container. The student claims 

that after container D, the mixtures in 

containers A and B will freeze at the same 

time, and finally, the mixture in container C 
will freeze. This interpretation is based on 

the amount of salt in the containers. In fact, 

the student knows that salt lowers the 

freezing point of water. However, by 

focusing on the fact that there is an equal 

amount of salt in containers A and B, the 

student has shown a misunderstanding. 

Moreover, although the student considered 

that the salt amount in container C is high, 

this misunderstanding emerged because the 

student did not compare the water amount 

in this container and therefore the mixture 
ratio with containers A and B. 

The student could not think that 

when the heat exchange is 
completed, the equilibrium 

temperature would be the highest in 

container I, followed by II, and 

finally III. The student knows that 

the temperature of each tube is 90 ̊ C 

and that the amount (m) and 

temperature (30 ˚C) of the water in 

the containers are equal. The student 

could not think that the mass of tube 

A is higher here and therefore the 

amount of heat that can be 
transferred would also be greater. 

For this reason, the student could not 

think that the temperature increase 

of the water in container I would be 

greater than the temperature 

increase in container II, and that the 

increase in container II would be 

greater than that in container III. The 

student thinks here that the mass of 

the liquid in tube A is 400 g, and 

therefore the least temperature 

change will occur in container I, in 
which tube A is immersed, followed 

by slightly less change in container 

II, in which tube B is immersed, and 

the greatest temperature change will 

occur in container III, in which tube 

C with the smallest mass is 

immersed. The student could not 

think here that a tube with a greater 

mass would contain more heat 

energy and therefore the water in 

container I, in which tube A is 
immersed, would heat up more. 

Partially Adequate:  

The response provides 

limited insight into the 
student’s errors or does 

not contribute 

sufficiently to the 

identification of the 
 student’s errors.  

Inadequate:   

The response offers no 

accurate insight into the 

errors in the students’ 
ideas or contains no 

appropriate ideas 

regarding the students’ 

errors. 

Findings 

The comparative analysis of science teachers’ and ChatGPT’s levels of identifying errors in students’ responses 

to questions on “heat and temperature” and their ideas regarding the feedback to be provided is presented in Table 

4. 
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Table 4. Descriptive Analysis Results of Science Teachers’ and ChatGPT’s Levels of Identifying Student Errors 

and Feedback Ideas 

Feedback Source 
Teacher 

n= 28 
 ChatGPT 

Learning Status Determination Question Q1 Q2  Q1 Q2 

Descriptive Analysis n  Identification 

Level of Identifying 

Probable Student Errors 

Adequate 15 13    

Partially Adequate 12 13  ✓ ✓ 

Inadequate 1 2    
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s 

    

G
er

i 
B

il
d

ir
im

 F
ik

ir
le

ri
n
e 

A
it

 K
o
d
la

r Correct–Incorrect Answer 4 5    

Try Again 9 8    

Marking Errors 4 5  ✓ ✓ 

Abstraction of the Attribute 10 7  ✓ ✓ 

Answer-Based Feedback 14 12  ✓ ✓ 

Providing hints 7 5    

Error Analysis 14 9  ✓ ✓ 

Guided Feedback 4 4  ✓ ✓ 

Goal Based Feedback 8 6  ✓ ✓ 

Support-based Feedback 10 8       

 

Table 4 presents the levels at which both teachers and ChatGPT identified errors in students’ responses and their 

feedback ideas. According to these findings, it was determined that approximately 54% of the teachers (n = 28, 

Q1: 15) in the first question and 46% (n = 28, Q2: 13) in the second question identified errors at an adequate level. 

In addition, it was determined that approximately 43% of the teachers in Q1 and 46% in Q2 identified errors related 

to student incorrect ideas at a partially adequate level. The rates of teachers who identified errors at an inadequate 

level were found to be quite low in both questions. In contrast, it came to the forefront that ChatGPT identified 

errors at a “partially adequate” level in both questions. This shows that although ChatGPT defined the errors, it 

provided superficial or incomplete analyses in identifying errors in students’ responses to these two questions on 

heat and temperature. When the analysis results regarding the feedback provided by the teachers were examined, 

it was found that “answer-based feedback”, “error analysis”, “support-based feedback”, and “abstraction of the 

attribute” were the most prominent. ChatGPT, on the other hand, was found to provide especially “marking errors”, 

“abstraction of the attribute”, “answer-based”, “error analysis”, “guided”, and “goal-based” feedback, which 
overlapped with the feedback ideas emphasized by the teachers. However, it was determined that ChatGPT did 

not provide any “try again”, “correct–incorrect answer”, “providing hints”, or “support-based” feedback. While 

ChatGPT was strong in providing explanatory, analytical, and guiding feedback, it was found to be weak in 

offering feedback that encourages students to try again, provides direct support, or advances the learning process 

with hints. ChatGPT showed similarities with teachers in certain types of feedback (particularly explanatory and 

analytical) but was found to be lacking in some pedagogical aspects (such as encouraging retry). While ChatGPT 

tended to provide more conceptual, guiding, and analytical feedback, teachers were observed to provide much 

more diverse, student-centered, and encouraging feedback. In particular, feedback such as “try again”, which 

directly contributes to the learning process, was found to be used only by teachers. It can be said that ChatGPT is 

strong in explanatory and guiding feedback but limited in terms of pedagogical diversity. 

Table 5 presents the distribution of teachers’ feedback according to professional seniority. 
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Table 5. Descriptive Analysis Results of the Comparison of Science Teachers’ Levels of Identifying Student 

Errors and Feedback Ideas, According to Professional Seniority, with ChatGPT 

Learning Status Determination Question Q1  Q2 

Teacher Professional Career Stage Codes 

C
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m
it
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t 

C
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r 

st
ab

il
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y
 

A
ct
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s 

S
ta
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n
at

io
n
 

 

C
o
m

m
it

m
en

t 

C
ar

ee
r 

st
ab

il
it

y
 

A
ct

iv
en

es
s 

S
ta

g
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Descriptive Analysis n n 

Level of Identifying 
Probable Student Errors 

Adequate - 5 8 2 - 4 6 3 

Partially Adequate 1 3 6 2 - 4 8 1 

Inadequate  1 - - - 2 - - - 

C
o

d
es

 o
f 

F
ee

d
b
ac

k
 I

d
ea

s 

Correct–Incorrect Answer 1 1 2 - 1 2 2 - 

Try Again - 3 4 2 2 4 2 1 

Marking Errors - 1 2 1 - 1 2 2 

Abstraction of the Attribute 1 5 4 1 - 3 3 1 

Answer-Based Feedback 1 6 5 2 1 4 5 2 

Providing hints - 3 3 1 - 2 2 1 

Error Analysis 1 5 5 3 1 2 4 2 

Guided Feedback - 1 2 1 - 1 3 1 

Goal Based Feedback - 3 5 - - 2 4 - 

Support-based Feedback - 4 4 2 - 2 4 2 

Note. Professional career stages: ≤3 years – Commitment; 4–6 years – Career stability; 7–18 years – Activeness; 

19–30 years – Stagnation; >30 years – Withdrawal, based on Richter et al.’s (2011) classification of teachers’ 

professional career stages. 

The findings regarding ChatGPT are identical to those presented in Table 1 and, therefore, are omitted here to 

prevent redundancy. 

Table 5 presents the types of feedback provided by teachers and their levels of identifying student errors according 

to career stages (Commitment, Career stability, Activeness, Stagnation). According to these findings, teachers in 

the “Activeness” stage identified errors at the “adequate” level most frequently for both questions. This suggests 

that analytical skills improve alongside professional maturity. Among teachers in the “Commitment” stage, 

“inadequate” error identification was notable (Q1: 1, Q2: 2). Similarly, teachers in this stage demonstrated 

significant shortcomings in providing feedback. In contrast, teachers in the “Activeness” stage were found to 

employ nearly all types of feedback. Teachers in the “Stagnation” stage, however, provided more limited feedback 

and, in some areas, none at all (e.g., no “goal-based” feedback was given). These findings indicate that teachers in 

the activeness stage tend to both identify student errors more clearly and provide a greater variety of feedback 
types, whereas novice and stagnated teachers tend to offer more superficial or incomplete feedback. As 

professional experience increases, teachers’ ability to analyze student responses and provide high-quality feedback 

becomes more prominent. According to these results, teachers in the “Activeness” stage were found to provide the 

greatest variety of feedback. Teachers in the “Commitment” stage constituted the weakest group in both error 

detection and feedback provision (with no contributions in certain areas). These results indicate that experienced 

teachers use feedback types in a richer and more student-centered manner, whereas novice teachers can be 

considered a group more open to support. Active teachers were observed to be more effective than ChatGPT in 

both pedagogical and constructive feedback. ChatGPT employs many types of feedback and stands out particularly 

in pedagogically strong areas such as “attribute abstraction”, “error analysis”, and “goal-based guidance.” 

Table 6 presents the analyses of teachers’ levels of identifying errors in student responses and their feedback ideas 

for these responses according to their educational levels. 
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Table 6. Descriptive Analysis Results of the Comparison of Science Teachers’ Levels of Identifying Student 

Errors and Feedback Ideas, According to Educational Level, with ChatGPT 

Learning Status Determination Question  Q1  Q2 

Teacher Education Level 

B
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Descriptive Analysis n  n 

Level of Identifying 

Probable Student Errors 

Adequate 8 5 2  8 4 2 

Partially Adequate 7 5 -  6 6 - 

Inadequate 1 - -  2 - - 

C
o
d
es

 o
f 

F
ee

d
b
ac

k
 I

d
ea

s Correct–Incorrect Answer 2 2 -  3 2 - 

Try Again 4 4 1  3 4 1 

Marking Errors 1 1 -  1 1 - 

Abstraction of the Attribute 3 5 2  2 4 1 

Answer-Based Feedback 6 6 2  4 6 2 

Providing hints 2 4 1  1 3 1 

Error Analysis 6 7 1  2 6 1 

Guided Feedback 2 2 -  2 2 - 

Goal Based Feedback 3 4 1  2 4 - 

Support-based Feedback 4 4 2  3 3 2 

Table 6 presents the analyses of teachers’ levels of identifying errors in students’ responses and their feedback 

ideas, categorized according to their educational background. The findings indicate that teachers with graduate- 

level education (master’s and doctoral) education were in a stronger position in error detection. Among teachers 

with a bachelor’s degree, “partially adequate” or “inadequate” levels were more prominent, with some remaining 

superficial in their analyses. Moreover, teachers with master’s and doctoral degrees were found to provide 

feedback particularly in the forms of “attribute abstraction,” “answer-based,” and “goal-based” feedback, whereas 
teachers with a bachelor’s degree tended to focus more on direct and practice oriented feedback types such as 

“correct–incorrect”, “try again”, and “providing hints”. Based on these findings, it can be concluded that as the 

level of education increases, the analytical depth and qualitative differentiation of feedback also increase, and that 

graduate-level education degree holders are especially more effective in conceptual abstraction and directive 

analyses. Furthermore, as the level of education increases, teachers’ ability to provide conceptual and goal-based 

feedback was found to improve. The findings revealed that teachers with higher levels of education employed a 

richer variety of feedback types in a more student-centered manner. Graduate-level education degree holders 

emerged as the strongest group in feedback types with pedagogical depth (error analysis, goal-based, attribute 

abstraction). Teachers with a bachelor’s degree tended to provide more direct and superficial feedback. 

Nevertheless, it can be stated that ChatGPT provided feedback that was more consistent, in-depth, and 

pedagogically effective than that of all educational-level groups. 
Examples of the findings of science teachers and ChatGPT regarding the marking errors in student responses and 

the feedback ideas they proposed to support student understanding are presented in Table 7. 

Table 7. Science Teachers’ and ChatGPT’s Identifications of Errors in Student Responses and Feedback Ideas 

Teachers’ Ideas Based on the Student’s Response to Q1  

 
(The information in the image above is provided below.) 
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Student Error: The student’s ranking is incorrect. Because the student only looks at the 

amount of salt. However, the student should look at the water–salt ratio. The student makes 
the generalization that the container with the most salt freezes last. 

Feedback Ideas:  

* I would explain the effect of the amount of substance. For example, I would say, “Both 

containers A and B have 5 g of salt, but the amount of water in them is different, so we 
should take that into account.” 

* I would draw attention to the topic of solution concentration. I would say, “A solution’s 
freezing point is determined not only by the amount of salt it contains but also by the ratio of 
salt to water.” 

* I would teach how to calculate ratios. For example, I would give the idea, “It seems that 

container C has the most salt. However, the ratio is more important. In container A, there 

are 5 g of salt in 15 g of water, so the ratio is 25%. In container C, there are 10 g of salt in 
60 g of water, so the concentration is around 14%. Therefore, container A is saltier.” 

* I would encourage the student to make the calculation and then try to reach the correct 
result together. 

(Teacher21, Master's Degree, Activeness) 

 

 

Teachers’ Ideas Based on the Student’s Response to Q2  

 
(The information in the image above is provided below.) 

Student Error: The student made the ranking in the exact opposite order. The reason for 
this is that the student does not fully know the effect of mass in heat exchange.  

Feedback Ideas: -While explaining the topic, emphasis should be placed on the fact that, 

among substances at the same temperature, the one with the greater mass will release more 
heat. 

- A substance with greater mass requires more heat to reach 90 °C. Because the amount of 

substance is greater. The idea that the one which absorbs more heat also releases more heat 
should be emphasized. 

 

(Teacher13, Bachelor, Commitment) 
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ChatGPT’s Ideas Based on the Student’s Response to Q1 

 
 

 

(The complete output of ChatGPT identifying the errors in a student's response to Question 1 is presented below.) 

Although the student’s response is generally based on correct reasoning, it contains some 
shortcomings and errors in both scientific explanation and expression. Below, you can find 
both the errors and the constructive feedback that can be given to this student. 

 

Errors and Shortcomings in the Student’s Response 

 

1. Lack of Use of Scientific Concepts: 

 The student correctly stated that salt lowers the freezing point of water. However, the 
term “freezing point depression” was not explicitly used. This term is important for 
demonstrating the student’s conceptual knowledge. 

2. Ranking Explanation is Superficial: 

 A ranking was made, but a quantitative or qualitative analysis for each bowl is 
missing, for example, why 5 g saltwater freezes at the same time is not clear. The 
student should have explained the relationship between temperature, salinity ratio, 
and freezing point more clearly. 

3. Assumptions Not Stated: 

 It was assumed that all other variables, such as ambient temperature and bowl 
volume, were constant, but this was not explicitly stated. From a scientific thinking 

perspective, it is important to state such assumptions. 

 

(Complete of ChatGPT’s corrective feedback on a student’s incorrect idea is presented below.) 

Screenshot of ChatGPT’s 

identification of the 
student’s errors 

Partial 

screenshot of 

ChatGPT’s 

corrective 

feedback on a 

student’s 

incorrect idea 
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Scientific Feedback 

1. Explanation of the Concept of Freezing Point Depression 

"In your answer, you stated that salt lowers the freezing point of water, which is a correct 
observation. However, this phenomenon is known as ‘freezing point depression.’ This 
concept is discussed under the topic of colligative properties and depends not only on the 
type of solute but also on the number of particles in the solution. Therefore, instead of 
simply saying ‘more salt = freezes later,’ it would be more scientific to state that the 
freezing point is related to the molality of the solution." 

2. Establishing a Connection with Colligative Properties 

"Freezing point depression refers to the lowering of a solution’s freezing point compared 

to that of the pure solvent when a non-volatile solute (such as a salt like NaCl) is added to 
the solvent. This is one of the colligative properties and is directly proportional to 
molality. Referring to this relationship in your explanation would have deepened your 
conceptual understanding." 

3. Lack of Molecular-Level Explanation 

 "When salt dissolves, it dissociates into its ions, and these ions interfere with the ability of 
water molecules to form a regular crystalline structure. As a result, the freezing of water 
occurs at a lower temperature. If you add such a molecular-level explanation to your 

response, you will be providing not only an observation but also a scientific justification." 

4. Lack of Quantitative Data Use for Ranking 

"In making the ranking, you directly considered the amounts of salt. However, 
scientifically, the change in a solution’s freezing point can be expressed with the formula 
ΔTf = Kf · m, where m represents molality and Kf is the freezing point depression constant 
of the solvent. Including this formula in your explanation would allow you to provide an 
explanation based not only on observation but also on scientific calculation." 

5. Experimental Design and Control Variables 

"It is good that you stated the bowls have the same properties; however, for a more 
systematic scientific approach, you should have explicitly stated all the control variables 
(ambient temperature, duration of light exposure, bowl volume, amount of water, etc.). 
This is important for validity and reliability when designing an experimental scenario." 

6. Lack of Causal Connection Strength in Explanations 

“In your answer, you said that since the amounts of salt in containers A and B are the 
same, they freeze at the same time. This may be correct, but why exactly does this result 
occur? To strengthen your answer, you should also consider that the ion concentration in 
the solution lowers the freezing point by the same amount and how this can be 

demonstrated experimentally.” 

Responses obtained from ChatGPT based on the prompt entered on 27.07.2025. 

ChatGPT’s Ideas Based on the Student’s Response to Q2 

 
 

(The complete output of ChatGPT identifying the errors in a student's response to Question 2 is presented below.) 

 

Partial 

screenshot of 

ChatGPT’s 

identification 

of the 

student’s 

errors 
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Scientific Errors and Conceptual Gaps in the Student’s Response 

1. Confusion Between the Concepts of Temperature and Heat  

 While commenting on temperature change, the student used expressions such as “the 
temperature change would be the greatest,” but it remained unclear in which direction 
this change occurs (increase or decrease) and according to what it is considered 
greater. 

 Error: The student confused heat with temperature. Heat is a form of energy and 
depends on mass, whereas temperature is the average kinetic energy of a substance and 
is not directly related to mass. 

2. Heat Transfer Mechanism Poorly Explained 

 Since the tubes are at 90 °C and the water is at 30 °C, heat flows from the tubes to the 
water.  

 Although the student seems to have understood this energy transfer, no statement related 
to calculating the amount of heat was provided. 

     However, in this type of question, the fundamental physical relationship is:  

                                                                                                          Q = m c ΔT. 

This formula allows us to quantitatively evaluate both the amount of heat given by the tubes 
and the heat absorbed by the water. 

3. Equilibrium Temperature Concept Overlooked 

 The question asks about “the final temperatures in the containers,” which refers to the 
equilibrium temperatures after heat exchange. Instead of predicting the equilibrium 
temperatures, the student commented only on the magnitude of the “temperature 
change,” and in this respect, did not fully answer the question. 

4. Superficial Response and Lack of Quantitative Approach 

 No numerical estimation, comparison, or ratio calculation was made. The mass data 
provided in the question was not used appropriately (for example, a quantitative analysis 
could have been done on how much heat the 400 g tube would release). 

5. Neglect of the Specific Heat Concept 

 The answer was based solely on mass; however, from a scientific perspective, when 
calculating the amount of energy, specific heat capacity (c) and temperature difference 
(ΔT) are also taken into account (Q = m c ΔT). It appears that the student either did not 
know or did not apply this equation. 

 

(Complete of ChatGPT’s corrective feedback on a student’s ıncorrect ıdea is presented below.) 

Partial 

screenshot of 

ChatGPT’s 

corrective 

feedback on a 

student’s 

incorrect idea 
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Scientific Feedback  

1. Lack of Scientific Approach to the Heat Transfer Mechanism 
“In your answer, you mentioned the heat exchange process; however, this process is a 
thermodynamic principle based on the conservation of energy. In other words, the total 
amount of heat released by the tubes must equal the total amount of heat absorbed by the 
water. This fundamental physical law was missing in your explanation. Supporting your 

answer with heat exchange equations would have increased the accuracy and depth of 
your scientific explanation.” 

2.  Failure to Utilize the Q = m·c·ΔT Equation is a Shortcoming 

“Since each tube in the system has the same temperature difference (ΔT = 90 °C – 30 °C = 
60 °C), the heat each one gives to the water depends only on its mass (specific heat and 
temperature difference are constant). In this case, while tube A gives 400 g × c × 60 °C of 
heat, tube C gives only 200 g × c × 60 °C. With this reasoning, you should have 
quantitatively justified that the final temperatures of the water would be ordered as I > II 

> III.” 

3. Equilibrium Temperature Concept Overlooked 

“Since the question asks for the final temperatures in the containers, your answer is 
expected to explain the process of reaching equilibrium temperature. Equilibrium 
temperature is reached when the temperatures of the substances giving and receiving heat 
become equal. As different amounts of heat transfer occur in each container, this 
difference is reflected in the final temperatures as well. Therefore, you should have 
focused not only on ‘temperature change’ but also on the ‘final temperature.’” 

4. Inadequacy in Establishing Relationships Between Concept 

"Not expressing the relationship between the amount of heat (Q), mass (m), temperature 
change (ΔT), and specific heat (c) using the equation Q = m·c·ΔT has limited your ability 
to establish conceptual connections. Since the term 'identical tubes' is used in the question, 
c can be considered constant. In this case, it is possible to compare heat quantities solely 
based on mass differences. Establishing this connection would have demonstrated 
scientific reasoning." 

5. Lack of Scientific Modeling 

"You could have constructed a simple heat balance model when solving this question. For 
example, you could have approximately calculated the equilibrium temperatures by 
equating the energy required to heat the water in the containers with the energy 
transferred from the tubes. Creating such quantitative models is important for developing 
your physical reasoning skills." 

6. Failure to Explicitly State Assumptions Weakens the Scientific Approach 

"In your answer, you did not specify basic assumptions such as heat insulation, whether 
the system is closed, or whether there is energy exchange with the environment. In 
scientific problem-solving, analyses without clearly stated assumptions remain incomplete. 

For example, you should have explicitly stated assumptions such as 'the containers are 
insulated' or 'the water quantities are equal and in identical containers'." 

7. Causal Connections Are Needed Instead of Superficial Commentary 

"Instead of superficial statements such as ‘the temperature change is the greatest,’ 
establishing cause-and-effect connections like ‘because the tube releases more heat 
energy, this energy increases the kinetic energy of the water and raises its temperature’ 
would have reflected your scientific thinking skills." 

Responses obtained from ChatGPT based on the prompt entered on 27.07.2025. 

 
 

DISCUSSION 

 

This study was conducted to compare the abilities of science teachers and ChatGPT in analyzing students’ 

responses to heat and temperature questions and in providing feedback on these topics. The findings, in summary, 

offer important insights into the idea-generation capabilities of both teachers and ChatGPT in this regard. 

Within the scope of the study, it was found that approximately half of the science teachers were inadequate in 

detecting errors in students’ responses to questions on the topics of heat and temperature. This finding has been 

consistent with the results of previous research (Inaltekin & Akcay, 2021). Additionally, the study revealed that 

ChatGPT also produced superficial or incomplete analyses when identifying student errors. These results indicate 

that both many science teachers and ChatGPT have notable limitations in detecting and deeply analyzing student 
errors, which may constitute a barrier to conducting an effective instructional process and providing high-quality 

feedback. This finding is also consistent with previous research emphasizing that ChatGPT’s responses should be  
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carefully evaluated by both instructors and students, particularly in terms of scientific accuracy (Dahlkemper et 

al., 2023). Conversely, another study by Bewersdorff et al. (2023) has demonstrated that there are varying levels 
of accuracy in error detection between AI systems and human evaluators. They particularly highlight that AI 

systems are capable of accurately identifying many fundamental student errors (Bewersdorff et al., 2023). 

It was observed that teachers provided a more diverse, student-centered, and pedagogically rich structure in terms 

of feedback types. Moreover, it was concluded that feedback types that directly promote learning, such as 

encouraging students to try again and providing hints, were employed exclusively by teachers. ChatGPT, on the 

other hand, was found to demonstrate strong performance particularly in explanatory, analytical, and directive 

feedback. However, it was observed that ChatGPT did not employ feedback strategies with pedagogical purposes, 

such as repetition, emphasizing correct-incorrect, and providing hints. This situation indicates that ChatGPT 

remains passive in certain important components of the feedback process (Yoon et al., 2023). These results 

revealed that science teachers and ChatGPT possess different strengths in their feedback processes (Seßler et al., 

2025). Therefore, integrating teachers’ pedagogical approaches with ChatGPT’s knowledge-based analytical skills 
can be considered to hold significant potential for supporting students’ learning processes in conceptually critical 

topics such as heat and temperature. This finding is also consistent with previous research suggesting that ChatGPT 

summarizes students’ performance more fluently and coherently than human instructors and can provide more 

detailed feedback accordingly (Dai et al., 2023). 

Another finding revealed that teachers in the “activeness” stage of professional seniority (7–18 years) and those 

holding a master’s degree demonstrated the highest productivity in both identifying student errors and providing 

feedback. In particular, teachers with a master’s degree and the activeness stage showed a level of feedback 

productivity comparable to that of ChatGPT. This finding serves as evidence that experience enhances pedagogical 

analysis and interaction skills (Kini & Podolsky, 2016). Conversely, it was found that novice teachers with only a 

bachelor’s degree had significant shortcomings in both error detection and feedback productivity, performing at a 

lower level compared to ChatGPT. This result indicates that pedagogical awareness is a dynamic process that 

develops in relation to educational attainment and professional experience. It particularly underscores the direct 
impact on the depth of pedagogical analysis and the ability to interact with students. Solak (2024) states that human 

teachers are more effective in providing feedback due to their understanding, personalized guidance, and emotional 

intelligence, whereas AI-generated feedback is perceived as more detailed and comprehensive. This highlights the 

importance of balancing efficiency with the human touch in the feedback process. Supporting this result, the study 

by Yu and Xie (2025) has shown that ChatGPT’s feedback is comprehensive, accurate, and performs qualitatively 

and quantitatively better than that of teachers. The researchers emphasize that ChatGPT feedback should be 

supported as an additional resource alongside teacher feedback in classroom settings (Demir & Çetin, 2025). It 

was found that teachers with graduate-level education were particularly strong in providing “conceptual 

abstraction,” “analytical analysis,” and “goal-oriented” feedback. In contrast, teachers with only a bachelor’s 

degree tended to focus more on practical and direct feedback types, such as “correct–incorrect,” “hints,” and “try 

again”. This finding reveals that educational attainment is a determining factor not only in terms of knowledge but 
also in the diversity of pedagogical feedback. Therefore, it can be stated that teachers with higher levels of 

education are able to support students’ conceptual development at a more advanced level. The differences observed 

in feedback types according to educational level highlight the variety of factors that shape teachers’ pedagogical 

repertoires (Gan et al., 2021) The fact that teachers with graduate-level education were strong in “conceptual 

abstraction,” “analytical analysis,” and “goal-oriented” feedback, whereas those with only a bachelor’s degree 

tended to focus more on practice-oriented strategies such as “correct–incorrect,” “hints,” and “try again,” has 

shown that educational attainment shapes the quality of feedback types. This finding reveals that teachers’ 

educational level is a determining factor not only in content knowledge but also in conceptual and analytical 

thinking skills. 

CONCLUSION 

 

This study highlights important findings regarding the abilities of teachers and ChatGPT to understand student 

ideas and provide feedback on heat and temperature, which are topics in the science curriculum that are particularly 

challenging for students. One of these findings revealed that science teachers’ skills in error detection and feedback 

generation vary depending on their professional experience and educational level. Both experienced teachers and 

those with graduate-level education demonstrated performance similar to that of ChatGPT in identifying student 

errors and providing feedback that was both of higher quality and more strongly supportive of learning. In contrast, 

novice teachers with only a bachelor’s degree were found to have notable deficiencies in both error detection and 

feedback generation. ChatGPT can serve as a pedagogical complement, particularly for novice science teachers; 

however, it needs to be supported by teacher experience and expertise to ensure pedagogical depth. For beginning 

teachers, tools such as ChatGPT can be useful for providing analytical examples and offering response-based 

analyses, yet they may be insufficient for fostering pedagogical diversity. This study revealed that hybrid models 
based on a comparative analysis of teachers and ChatGPT (human–AI collaboration) have the potential to  
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strengthen processes of identifying student errors and providing feedback in science education. 

Limitations 
The study’s sample size and its restriction to a single subject area (heat and temperature) may limit the 

generalizability of the findings. 

Implications 

Based on the findings of this research, ChatGPT can be used as a pedagogical support tool to help novice teachers 

identify student errors and develop feedback strategies. In this regard, AI-assisted assessment applications could 
be integrated into both pre-service and in-service teacher training programs. The strengths of experienced and 

highly educated science teachers in providing feedback could be utilized in the development of AI systems. Future 

research could explore different science topics, larger groups of teachers, and various AI models. In addition, 

professional development programs and AI algorithm enhancements are needed to improve the abilities of both 

teachers and AI-based systems to diagnose and interpret student incorrect ideas. In this context, it is recommended 

that AI-based systems be developed to enhance their capacity to provide feedback aligned with pedagogical 

strategies, while teachers’ abilities to use technology effectively should also be strengthened. 
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