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Abstract: The purpose of this study is to comparatively examine the effectiveness of two distinct artificial
intelligence tools, ChatGPT and DeepSeek, on students' learning process related to the 5th grade science unit
entitled “Nature of Matter”. This research, conducted within the framework of a comparative case study design,
involved two students selected through purposive sampling. Each student was given the opportunity to engage
in the learning process through interaction with artificial intelligence tools and observations were conducted
throughout the process. After the implementation, the perspectives of the students were obtained through semi-
structured interviews. The data were evaluated by thematic analysis method and were categorized under four
main themes: Concept understanding of artificial intelligence applications, depth of interaction, ease of use and
student motivation. The findings showed that ChatGPT was more advantageous in terms of students' motivation,
interaction level, adequacy of conceptual explanation and ease of use. The study suggests that artificial
intelligence-supported learning environments can serve as effective complementary tools in classroom
instruction.
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Introduction

Education is a bridge between society and developing technology. In order for a society to adopt a technological
change, technology must first be integrated into education. The 1960s marked an important beginning in the use
of artificial intelligence in education, with programmed lessons and automatic feedback as part of Skinner's
“teaching machines” project (Arslan, 2020). In recent years, rapid developments in artificial intelligence (Al)
technologies have enabled the emergence of new teaching strategies and digital learning environments in
education. Especially in disciplines that require conceptual depth and problem-solving skills, such as science
education, the pedagogical effectiveness of Al-supported tools has been increasingly investigated (Luckin et al.,
2016; Holmes et al., 2019).

Al-based systems can provide customized learning experiences by adapting to students' individual learning
styles; they also have the potential to improve the teaching process by providing data-driven feedback to
teachers (Baker & Inventado, 2014; Chen et al., 2020). Artificial intelligence has the potential to revolutionize
teaching and learning methods and is already being used in various educational settings in educational settings
in a wide range of scenarios (Rudolph et al., 2023). Artificial intelligence is an important aid for users to
personalize their learning experience and create their own learning style (Sajja et al., 2023). By supporting
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educational materials with artificial intelligence technologies today and in the future, many skills such as
abstract thinking, adaptation to new situations and interaction can be supported (Ugur & Kinaci, 2006).

It is predicted that artificial intelligence applications will completely change the way students access
information. It is predicted that teachers will use artificial intelligence as explanatory and illustrative when
teaching new concepts to students or eliminating existing misconceptions. At the same time, it is thought that it
will encourage students to work as a team, increase student motivation and encourage students to engage more
in research and investigation studies (Zhai, 2023).

Artificial intelligence-supported applications used in science teaching come in various forms such as intelligent
tutoring systems that encourage learning, virtual laboratory applications, adaptive testing systems, and natural
language processing-based interactive learning environments. Studies evaluating the impact of these tools on
students' academic achievement generally point to positive results (VanLehn, 2011; Nye, 2015).

Today, the integration of technology into educational environments is gradually increasing, and especially
artificial intelligence-based applications stand out as an innovative tool in teaching processes. In this context,
the main objective of this study is to determine whether Al-powered applications such as ChatGPT and
DeepSeek have the potential to contribute to students' learning processes in science education. However, the
effective use of these technologies is not only limited to their capacity to provide information but also depends
on multidimensional factors such as the extent to which they improve students' conceptual understanding, how
much active participation they provide in the learning process, and how accessible and understandable they are
for the user. In addition, it should not be ignored that these tools may have affective consequences such as
increasing or decreasing students' motivation to learn. Accordingly, the effects of artificial intelligence
applications such as ChatGPT and DeepSeck on interaction depth, ease of use and students' motivation in
science teaching should be systematically examined. It is believed that the research will provide teachers with
important data regarding the use of educational technologies in the classroom.

The purpose of this study is to examine the effectiveness of artificial intelligence-supported educational tools
used in science courses within the framework of a comparative case study. The effects of Al-based tools on
conceptual understanding, depth of interaction, ease of use and student motivation were analyzed. In addition,
the opportunities and challenges encountered in the context of integrating these tools into the teaching process
were evaluated in line with student views.

In this context, the evaluation of pedagogical effectiveness at the intersection of artificial intelligence
technologies with science education is important in terms of contributing to both theoretical and applied
educational research. The findings are expected to contribute to the development of recommendations for
designing and implementing artificial intelligence-based teaching tools in a more effective and inclusive
manner.

Theoretical Framework

The theoretical basis of this research is artificial intelligence-based learning environments. In particular, the role
of large language models such as ChatGPT and DeepSeek in learning processes is evaluated in this framework.

Artificial Intelligence Supported Learning Environments

In recent years, chat-based artificial intelligence applications developed with Large Language Models (LLMs)
contribute to the creation of individualized learning environments (Holmes et al., 2019). Models such as
ChatGPT and DeepSeek have the capacity to provide meaningful, contextual and explanatory answers to
students' natural language questions. These models help students build scientifically accurate conceptual
structures by providing alternative explanations (Zhai, 2023).

The Educational Role of ChatGPT and DeepSeek

Artificial intelligence applications play an important role in digitalizing student-teacher interaction. In
particular, language models such as ChatGPT support the learning process by generating natural and meaningful
answers to students' questions. When the interactive nature of such systems is evaluated within the framework
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of Vygotsky's (1978) social constructivist learning theory, it contributes to the cognitive development of the
individual in a way that supports the zone of proximal development. These models help students establish
correct conceptual structures by offering alternative explanations (Holmes et al., 2022). In this context, the
quality of the feedback provided by both artificial intelligence models and their effectiveness in the learning
process constitute the main area of investigation of this study.

Problem Statement

How do artificial intelligence applications such as ChatGPT and DeepSeek affect the learning processes of 5th
grade middle school students in science education?

Sub Problems:

1. Is there a significant difference in the effects of ChatGPT and DeepSeck applications on students’
conceptual understanding?

2. Is there a significant difference in the depth of student interaction with the applications between ChatGPT
and DeepSeek?

3. Is there a significant difference in the effects of ChatGPT and DeepSeek applications on students’
motivation?

4. Ts there a significant difference between ChatGPT and DeepSeek applications in terms of ease of use?

Method

Research Design

In this study, qualitative research method was used and case study method was employed. According to
Creswell (2007), case study is a qualitative research approach in which the researcher examines one or more
situations limited in time in depth with data collection tools (observations, interviews, audiovisuals, documents,
reports) involving multiple sources, and defines situations and themes related to the situation.

Comparative case study is a qualitative research design that aims to understand a specific phenomenon by
examining one or more cases in depth, without disrupting the context in which the individuals or situations are
embedded. This method is especially used to understand how different approaches, practices or individuals
produce results under similar conditions (Bartlett & Vavrus, 2017). Stake (1995) and Yin (2018) state that
comparative case studies provide a multidimensional perspective in the research process and allow in-depth
analysis of case studies. In this context, each student was considered as a separate case in the study and their
responses to artificial intelligence applications were evaluated comparatively.

Working Group

In the study, participants were selected through purposive sampling in line with the case study method.
Purposive sampling method is based on the aim of examining a particular situation or topic in depth. In this
method, it is of great importance to select the most appropriate and information-rich individuals or situations for
the purpose of the study. Conducting detailed analyses on small sample groups is the basic approach of this
method. When determining the sample size, criteria such as contributing to the purpose of the research,
increasing the reliability of the data obtained, as well as being practical and economical should be taken into
consideration. This method is based on selecting participants who can provide the most valuable information in
terms of achieving the objectives of the study (Patton, 2014).

Two students attending a middle school science course were selected as participants. Demographic information
(age, grade level, etc.) of the participants was recorded. At the end of the study, their names were kept
confidential in the interviews with the students, and the principles of confidentiality and voluntariness were
complied with in the entire data collection process.

Data Collection Tools
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In this study, semi-structured student interviews and in-class observations were used. Semi-structured interview
technique is a method that has pre-prepared guiding questions but also allows the flexibility to ask additional
questions according to the participant's answers (Kvale & Brinkmann, 2015).

At the end of the research, individual interviews were conducted with each student; the interview was designed
to include open-ended questions about students' awareness of their level of understanding of the 'Nature of
Matter' unit, their motivation and their experiences with artificial intelligence tools. In-class observations were
recorded by the researchers, and students' problem-solving approaches, the ways they asked questions and
motivational attitudes were noted in the interactions in which both artificial intelligence applications were used
(Table 1). The use of multiple data sources in case studies increases the integrity of the collected findings and
the fact that two researchers analyze the data provides credibility.

Table 1. Observation criteria
Criterion Description

. Accuracy of responses and inclusion of scientific
Level of concept understanding uracy P u

explanations

Depth of interaction Quah'ty of questions asked to the A, presence of follow-up
questions

Student interest/motivation Eye contact, level of engagement, curious behaviors

Openness to feedback Degree of attentiveness and receptiveness to Al-generated
responses

Planning

While planning, it was aimed to increase students' motivation through interactive and fun learning experiences.
The study was designed for a total of two class hours (approximately 80 minutes). A timetable was created to
implement ChatGPT and DeepSeck applications in the first class hour. Each lesson lasted approximately 40
minutes. Each activity lasted approximately 20 minutes. Students were interviewed during the second class
hour.

Lesson 1 (Using ChatGPT, ~20 minutes): The teacher first reminded some known concepts about the 'Nature of
Matter' and briefly question students' prior knowledge (possible misconceptions) on this subject. Then, students
interacted with ChatGPT one-on-one and ask questions. Students took notes on ChatGPT's responses and
discussed answers containing misunderstandings under the guidance of their teacher. During this process, the
researcher and the teacher observed the student's questioning behavior, emotional and cognitive reactions during
the interaction with ChatGPT and take notes. At the end of the lesson, a learning assessment made based on the
answers of ChatGPT.

Lesson 1 (Using DeepSeek, ~20 min): The other half of the first class period conducted with the DeepSeek
application using similar content. Students asked DeepSeek questions related to the same Nature of Matter' unit
and discussed their answers. The responses were analyzed under the supervision of teachers and researchers, and
the correct concepts were discussed. In this session, researchers observed student interactions and took
observation notes on motivation and learning attitude.

Data Collection and Observation: Throughout both lessons, data on students’ engagement, their approaches to
the questions, and their responses to feedback provided by the Al tools were systematically recorded using
researcher-designed observation forms. Between and at the end of the lessons, the teacher observed the students'
thoughts by giving them short verbal feedback about the activities. In addition, individual semi-structured
interviews were conducted with the students immediately after both lessons or at an appropriate time.

Conducting the Interviews: Individual semi-structured interviews were conducted with each student by the
researcher. The interview questions will include questions about the student's experience of using ChatGPT/
DeepSeek, how they perceive the learning process, and their motivational status.

Timetable and Setting: All lessons took place in the same classroom environment during school hours. The
students interacted with ChatGPT and DeepSeek in turns using individual tablets or computers. The researcher

and the teacher provided technical support when needed and addressed questions that arose during the lesson.
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Thanks to the interactive activities carried out in line with this plan, students' cognitive and affective-oriented
learning was provided and the effect of artificial intelligence-supported applications on motivation was
examined. The interview and observation data were evaluated by applying thematic analysis after the research
was completed and the results were interpreted.

Data Analysis

The collected qualitative data were analyzed using thematic analysis method. Thematic analysis is a flexible
analysis method used to discover recurring patterns of meaning in qualitative data, to make sense of these
patterns by examining them, and to present the findings in a systematic way. This method allows in-depth
interpretation of the data and structuring the content through themes (Braun & Clark, 2006). Accordingly, all
interview records and observation notes were read and analyzed in detail. The researchers categorized the
relevant text several times. By making comparisons between the categories, themes were identified and data
were organized under these themes. Finally, in the interpretation phase, the researcher established cause-effect
relationships between the findings and interpreted the results in the light of the data obtained in the context of
students' interactions with artificial intelligence.

Validity and Reliability

Validity and reliability in qualitative research are related to the credibility, depth and completeness of the data
obtained. In this study, various strategies were adopted to ensure the reliability and validity of the data. To
enhance the reliability and validity of the study, the data were supported through multiple data collection
methods. Throughout the process, student observations, semi-structured interviews and activity outputs were
evaluated together to ensure data diversity. This diversity strengthened the consistency of the findings. At the
same time, participant statements were directly quoted to ensure that the participant's perspective was reflected
in the text.

In order to increase the reliability of the study, the research process was conducted in a clear and systematic
manner, and the role of the researcher and the position of the observer were clearly defined. The thematic
analysis method was used to analyze the data and the codes created were associated with the themes and
reported transparently. In addition, the data obtained were compared with another expert opinion and the coding
process was reviewed independently.

In terms of validity, although the findings obtained in the study are specific to a particular context (5th grade
students, matter and heat topic, ChatGPT and DeepSeeck use), they are reported in a way that can serve as an
example in similar classes and situations. Since the participants were selected through purposive sampling,
emphasis was placed on the in-depth interpretability of the findings rather than their generalizability. In this
framework, the study was structured in accordance with qualitative research principles, and the data were
obtained and analyzed in a holistic, consistent and reliable manner.

Findings

In this section, the data obtained from the qualitative case study conducted with two 5th grade students to
examine the impact of the ChatGPT and DeepSeek Al applications in the "Nature of Matter" unit were analyzed
using thematic analysis. The findings were categorized under four main themes:

Concept Understanding of Al Applications
Depth of Interaction of Al Applications
Student Motivation

Ease of Use

Theme 1: Concept Understanding of AI Applications

After the application, both students stated that both artificial intelligence applications contributed to their
learning processes in different ways. The students stated that the concepts were explained in simpler, clearer and
shorter sentences in their interactions with ChatGPT and that the support of the explanations with examples
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from daily life facilitated learning. It was reflected in the students' own statements that these features helped the
concepts to be structured more clearly mentally. Regarding the DeepSeek application, students stated that the
answers given contained longer, detailed and scientific expressions, which caused them to have difficulty in
understanding some concepts. Especially the intensive use of technical terms made it difficult for students to
follow the explanations at times. In general, students stated that they found ChatGPT's explanations more
understandable, while DeepSeek offered a more detailed learning experience that required more cognitive effort.
Students’ opinions regarding ChatGPT are as follows:

“I used to think that ice melts only when the temperature increases, but now I realized that there is heat
exchange.” (S1)

“Thanks to the summary or conclusion section under each answer, I better understood what was on my mind.
When ChatGPT asked if I should explain with a visual, it became more permanent with the example of a
teapot.” (S2)

The image below shows an example of a screenshot of the student's ChatGPT search:

%" Conclusion:

During a phase change, matter can take in or give out heat, but this heat determines the order of the particles, not their speed of motion.

changes. That's why the temperature remains constant.
If you'd like, | can also create a graphic or animation-like visual that shows this process. Can | help you?

OO PPy Oy

Students’ opinions regarding DeepSeck are as follows:

“..I liked that it gave a table in the answers and made comparisons. But it was complicated because it gave
detailed explanations, I didn't want to read it.” (S1)

“I did not know that boiling is at a certain temperature. Thanks to the comparison table of the DeepSeck
application, I understood the difference with evaporation. While looking at DeepSeek answers, the tables
attracted my attention the most. I didn't want to read the rest.” (S2)
The screenshot of the student's DeepSeek search is given in the image below:

Situation Evaporation

room temperature water

When the water reaches 100°C

Condensation of water coming out of the refrigerator

Theme 2: Depth of Interaction of AI Applications

In the students' statements based on their experiences related to the applications, it was emphasized that the
interactions with ChatGPT included shorter, concise and clearer explanations. Students stated that ChatGPT
often asked alternative questions at the end of their answers and continued their explanations in a conversational
manner. It was observed that this approach created the impression of being in a dialog with a guide and
increased their interest in the process. Students’ opinions regarding ChatGPT are as follows:
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“ChatGPT was more effective. Because it was like a conversation, he was constantly asking me something. If
didn't understand, he explained it in different ways. In DeepSeek, he did not ask me questions, he just gave me
information. It was more fun to work with ChatGPT.” (S1)

In the DeepSeek application, it was observed that the answers were longer and more academic; the explanations
were supported by formulas, but there was no interaction with the students. Student expressions that DeepSeek
offers scientific explanations but does not create a sense of one-to-one communication with the student are
noteworthy. In this direction, the students stated that they adopted the ChatGPT application, which they found
more interactive and guiding in the learning process. Students’ opinions regarding DeepSeek are as follows:

“When I wrote something, the answer came, but sometimes I didn't understand what it meant. I didn't continue
because it gives long answers and there are concepts I don't know.” (S2)

Below is a screenshot of the student’s search using the DeepSeek application:

Mathematical Relationship:

The relationship between heat and temperature change can be expressed by the following formula:

Q=m-c- AT

Q: Heat energy (J)
m: Mass (kg)
C: Specific heat (J/kg°C)

AT: Temperature change (°C or K)

Theme 3: Student Motivation

Both students stated that they found the Al-supported lesson process engaging, motivating and fun. Students
stated that especially the opportunity to communicate one-to-one with a digital tool made the learning process
more interesting. In the interactions with ChatGPT, it was observed that students focused on the lesson for
longer, actively responded to the feedback given and participated in the process with high motivation. On the
other hand, in the studies conducted with DeepSeek, students' attention was distracted from time to time,
interaction levels decreased and participation became passive. This situation shows that ChatGPT's structure that
establishes a dialog with the student has positive effects on attention and motivation. Students’ opinions
regarding ChatGPT are as follows:

“It is as if I am talking to someone, I like this very much.” (S1)

“It made it easier for me to proceed by indicating the questions I wanted to ask under the answers. This made
me happy while doing the activity.” (S2)

The image below shows an example of a screenshot of the ChatGPT search related to the student's opinion:

¢ Briefly:
* Evaporation — silent, slow, only on the surface

® Boiling — fast, in the whole liquid, at a certain temperature

If you want, | can also prepare a table or drawing summarizing these differences. Shall | explain it with a visual?

G 06 P Ov
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Students’ opinions regarding DeepSeek are as follows:
“It’s nice, but sometimes I didn’t know what to write.” (S2)

“DeepSeek is nice, but it gives too much detailed information. It doesn’t guide me.” (S1)

Theme 4: Ease of Use

When students used the ChatGPT and DeepSeek interfaces, they could easily navigate the application and did
not have difficulty in expressing their questions in their own words. However, it was observed that students
needed more teacher guidance when they used the DeepSeek application. Students’ opinions regarding
ChatGPT are as follows:

“When I wrote the question, it answered immediately, I also asked other things myself.” (S1)
“ChatGPT was easier. DeepSeek did not guide me, I had difficulty.” (S2)
Students’ opinions regarding DeepSeck are as follows:

“Some of the explanations were too long and I could not fully understand them at first, so I had to go back and
read them several times. Only then I could comprehend the subject better.” (S2)

Below is a screenshot of the student's search from the ChatGPT application with question 1:

Heat (Q):

It is a type of energy.

Its unit is joule (J) or calorie (cal).

It is the energy transferred between substances due to temperature differences.

It is related to the total energy possessed by an object (total kinetic energy of particles).

Heat is a transfer of energy, meaning it can move from one place to another.

Temperature (T):
It is a measurement. It shows the average kinetic energy of the particles of the substance.
Its unit is degrees Celsius (°C), Kelvin (K) or Fahrenheit (°F).
it does not change without giving or taking heat.
It is measured with a thermomaeter.

It does not indicate direction, only quantity.

®_ To explain with a simple example:
When a hot teapot touches a cold metal spoon, heat transfers from the teapot to the spoon.

But in the meantime, the temperature of the teapot and the spoon change, and heat is the energy transferred.

If you want, | can prepare a table or drawing showing this difference. May | help you?

Below is a screenshot of the student’s search on the DeepSeek application for the first question:

69



International Conference on Education in Technology and Engineering (IConETE), November 12-15, 2025, Antalya/Tiirkiye

1. Definition:

* Heat (Q): Energy transferred between the boundaries of a system due to temperature differences. Its unit is usually

expressed in joules (J) or calories (cal).
® Temperature (T): The measure of the average kinetic energy of the molecules of a substance. It is measured with a thermometer

and is expressed in units of Celsius (°C), Kelvin (K) or Fahrenheit (°F).

2. Physical Meaning:

* Heatis a type of energy, it has the capacity to do work.

* Temperature is a measurement of degree, not energy, but the density of energy.
3. Addiction:

# Heat depends on the mass, type and temperature change of the substance. For example, the energy required to heat 1kg

ent from that required tc of water.

e Temperature depends on the internal energy of the substance, but not directly on the mass. For example, 1kg of water and

2 kg of water may be the same temperature, but the total heat energy of the 2 kg of water is greater.

4. Transfer Status:

® Heat flows from higher temperature to lower temperature.

® Temperature represents a state of equilibrium; if two objects are at th me temperature, there is no heat exchange.

Example:

e Melting of ice: Ice receives heat from outside when melting at 0°C, but its temperature does not change (temperature remains constant
during phase change).

® Cooling of tea: Hot tea gives off heat to the environment and its temperature drops.

Mathematical Relationship:

Q=m-c-AT

AT: Temperature change (°C or K)

As a result of the comparative activity with two different artificial intelligence applications, it was observed that
the ChatGPT application contributed more to the conceptual development, motivation and interaction skills of
the students. Although DeepSeek also has instructive aspects, it is thought that it can become more effective
with more structured guidance and the use of plain language.

Discussion, Conclusion and Recommendations

The findings of this study show that Al-based applications can support students' conceptual understanding and
make the learning process more interactive and motivating. Similarly, as noted by researchers such as Woolf
(2021) and Luckin (2018), Al-supported learning environments support deep learning by providing adaptive
feedback according to students' individual needs.
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ChatGPT provided shorter and clearer answers than DeepSeck, which positively affected student learning.
DeepSeek negatively impacted learning by providing longer answers and using scientific terms more frequently.
ChatGPT can be used in a variety of ways to enhance research and science in academia. ChatGPT can become a
useful tool for instructors and academics by providing a basis for creating course content, teaching materials and
assessment methods (Lo, 2023).

Although both applications increased student motivation but a higher level of curiosity and desire to learn was
observed in the use of ChatGPT. This can be attributed to the fact that the student sees the application as a
learning partner. Polak et al. (2022) stated in their study that the use of artificial intelligence led to an increase in
motivation. In another study, Roll et al. (2016) stated that artificial intelligence-based systems increase students'
motivation to learn and contribute to their ability to continue their learning processes more effectively
individually. In addition, it was stated that students' interest in the course was positively affected by the integrity
of the materials offered by these systems with the course content.

The ChatGPT interface was found to be more intuitive and user-friendly by the students. While using DeepSeek,
it was noted that students needed more teacher guidance. The fact that ChatGPT was found to be more effective
can be attributed to the natural language processing power of the application and the feeling of having a
conversation with the student. This finding is in line with the study of Selguk and Yildirim (2023) that artificial
intelligence-supported teaching tools facilitate student-centered learning.

However, it should not be forgotten that applications such as DeepSeck can also be effective teaching materials
when equipped with appropriate guidance and simple content. Teacher guidance is of great importance
especially for students with low technology literacy. Similarly, Soegoto et al. (2019) indicated in their study that
adapting to artificial intelligence content is challenging.

The findings of the study revealed that students were able to use both ChatGPT and DeepSeek applications
easily in general and that they did not have any serious difficulty in directing their questions in their own words.
However, when evaluated in depth, it was observed that ChatGPT provided a more effective interaction with
students because it had a more intuitive and user-friendly structure. In this application, students could easily ask
their questions without the need for guidance and receive meaningful feedback. On the other hand, it was
observed that students needed more teacher support when using DeepSeek. This may be due to the more
technical or complex nature of the application. It was also reported that students had difficulty in understanding
some concepts and hesitated in determining how to ask questions. These findings show that not only content but
also ease of use and guiding features are important for the effective use of Al-supported tools in education.

According to the research findings, ChatGPT application contributed more to students' learning, motivation and
interaction skills than DeepSeek. In this direction, the following suggestions were developed:

o Considering the supportive effect of ChatGPT on students' conceptual understanding, teachers should be
encouraged to integrate this application into the teaching process, especially in science courses.

e DeepSeek's use of a simpler language and the development of structured guidance features can enable
students to use the application more effectively. For this purpose, educational content should be simplified
and guiding artificial intelligence interactions should be increased.

e For students with low motivation towards the science course, it is important to adapt artificial intelligence-
based applications according to individual learning needs in order to strengthen the supportive and
motivating functions of these tools.
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