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Abstract: In recent years, artificial intelligence (AI) has emerged as a valuable resource for teach-
ing and learning, and it has also shown promise as a tool to help solve problems. A tool that
has gained attention in education is ChatGPT, which supports teaching and learning through AI.
This research investigates the difficulties faced by ChatGPT in comprehending and responding to
chemistry problems pertaining to the topic of Introduction to Material Science. By employing the
theoretical framework proposed by Holme et al., encompassing categories such as transfer, depth,
predict/explain, problem solving, and translate, we evaluate ChatGPT’s conceptual understanding
difficulties. We presented ChatGPT with a set of thirty chemistry problems within the Introduction
to Material Science domain and tasked it with generating solutions. Our findings indicated that
ChatGPT encountered significant conceptual knowledge difficulties across various categories, with
a notable emphasis on representations and depth, where difficulties in representations hindered
effective knowledge transfer.
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1. Introduction

Artificial intelligence (AI), including the popular ChatGPT, has garnered significant
attention from educational researchers due to its potential in the field of education [1,2].
ChatGPT has been recognized for its problem-solving capabilities across various disci-
plines [3]. This raises the question of whether ChatGPT can acquire a comprehensive
conceptual understanding of concepts and relationships across diverse disciplines.

In a recent study, West [4] compared the performance of ChatGPT 3.5 and ChatGPT 4.0
in terms of their understanding of introductory physics. The author observed that ChatGPT
3.5 occasionally responded like an expert physicist but lacked consistency, often display-
ing both impressive mastery and complete incoherence of the same topics. In contrast,
ChatGPT 4.0 demonstrated several facets of true “understanding” such as the ability to
engage in metaphorical thinking and utilize multiple representations. However, the author
cautioned against claiming that ChatGPT 4.0 exhibited a comprehensive understanding of
introductory physics on a global scale.

In this research, we investigated the conceptual understanding of ChatGPT in the
field of chemistry, specifically focusing on the topic of Introduction to Material Science. In
this study, we explored how ChatGPT performed when presented with problems typically
assigned to college students enrolled on an Introduction to Material Science course. Two
of the main aspects of the present research, AI and conceptual knowledge, are related to
sustainable education.
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1.1. Theoretical Background and Literature Review
1.1.1. Artificial Intelligence and ChatGPT in Education

Gocen and Aydemir [1] highlighted several benefits of AI in education, including
the ability to facilitate personalized learning at one’s own pace and the potential to make
informed decisions using vast amounts of data. However, they also acknowledged the con-
cern that an overemphasis on utilitarian perspectives may overshadow humanistic values.

Dwivedi et al. [5] emphasized that AI, through its ability to predict and adapt to
changes, offers systematic reasoning based on inputs and learning from expected outcomes.
According to the Centre for Learning, Teaching and Development [3], ChatGPT serves
various functions in the classroom, including its use in higher education to support in-
structional activities while maintaining academic integrity. These activities encompass
creative writing, problem solving, research projects, group projects, and classroom debates.
Moreover, Aljanabi et al. [6] argued that ChatGPT has opened possibilities regarding its use
in education, including as an assistant for academic writing, a search engine, an assistant in
coding, a detector of security vulnerabilities, and a social media expert and agent.

Firat [7] found that, according to their frequency of recurrence, educators perceived
ChatGPT as enabling “evolution of learning and education systems”, “changing role of edu-
cators”, “impact on assessment and evaluation”, “ethical and social considerations”, “future
of work and employability”, “personalized learning”, “digital literacy and AI integration”,
“AI as an extension of the human brain”, and “importance of human characteristics”.

Additionally, Dai et al. [2] highlighted the potential of ChatGPT to provide personal-
ized support in real-time, delivering tailored explanations and scaffolding to sensitively
and coherently address individual learners’ difficulties.

Many educational applications of AI are available, including intelligent tutoring,
technology-based learning platforms, and automated rating systems [8]. Research has
shown that ChatGPT increases learning motivation and engagement among students [9].
In the study by Orrù et al. [10], ChatGPT demonstrated its problem-solving capabilities
by achieving highly probable outcomes in both practice problems and pooled problems,
ranking among the top 5% of answer combinations.

1.1.2. Conceptual Knowledge of Chemistry

Cracolice et al. [11] asserted that although learning algorithms can be valuable for
problem solving, they should not be the sole method used to teach chemistry. Roth [12]
argued that meaningful conceptual knowledge requires a deeper understanding that goes
beyond factual knowledge and necessitates a fresh perspective on the subject. This un-
derstanding should encompass prediction and the ability to construct explanations. Puk
and Stibbards [13] further emphasized that conceptual understanding involves recognizing
the connections between different concepts. Additionally, Lansangan et al. [14] suggested
that representations can be effective in assessing knowledge in a discipline, providing
alternatives to traditional assessment methods. These representations could take the form
of written or drawn symbols, iconic gestures or diagrams, and spoken, gestured, written,
or drawn indices.

Holme et al. [15] conducted a study involving instructors who taught chemistry in
higher-education settings, aiming to define conceptual understanding in chemistry. As a
result, they identified five categories that define conceptual understanding:

• Transfer: the ability to apply core chemistry ideas to novel chemical situations.
• Depth: the capacity to reason about core chemistry ideas using skills that extend

beyond rote memorization or algorithmic problem solving.
• Predict/explain: the capability of extending situational knowledge to predict and/or

explain the behavior of chemical systems.
• Problem solving: demonstrating critical thinking and reasoning while solving prob-

lems, including those involving laboratory measurements.
• Translate: the ability to translate across different scales and representations.
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These categories provide a framework to understand and evaluate conceptual un-
derstanding in the context of chemistry education. Considering the solution of chemistry
problems by ChatGPT, we took into account that the problems could be from various levels
of knowledge, according to Bloom’s taxonomy.

1.1.3. Bloom’s Knowledge Taxonomy

Researchers have utilized Bloom’s taxonomy of knowledge since the suggestion of this
taxonomy. The taxonomy consists of six levels: remembering, understanding, application,
analysis, synthesis, and evaluation. Educational researchers have utilized this taxonomy to
measure the level of students’ knowledge in specific contexts. Prasad [16] discussed how
Bloom’s taxonomy could be used as a method to assess the critical thinking of students. A
study of the textbook questions using Bloom’s taxonomy found that about 40% emphasized
higher-order thinking [17]. Daher and Sleem [18] used Bloom’s taxonomy to examine the
level of traditional, video-based, and 360-degree video-based learning in a social studies
classroom. They found that students who learned from the video and the 360-degree video
contexts had significantly higher scores in the synthesis knowledge level than students
who learned in a traditional context.

1.2. Research Goals and Rationale

AI, including ChatGPT, has been recognized as a valuable tool to support students’
learning in the field of science, particularly in chemistry [19,20]. However, for AI to
effectively support learning, it needs to possess conceptual knowledge of scientific concepts
and their relationships, specifically within the domain of chemistry. Previous research has
examined various aspects related to conceptual knowledge in chemistry.

In this research, we aimed to investigate conceptual knowledge of ChatGPT in chem-
istry, specifically focusing on the topic of Introduction to Material Science. To guide our
investigation, we adopted the theoretical framework proposed by Holme et al. [15], which
identifies key components of conceptual knowledge in Chemistry, including depth, pre-
dict/explain, problem solving, and translate.

The present study contributes to the future implementation of AI and ChatGPT in
education, particularly in the sciences, ensuring their effective use. Furthermore, the
findings of this research could inform the development of AI tools that exhibit fewer
difficulties in solving scientific problems and possess enhanced conceptual knowledge
relevant to the sciences. All the previous arguments indicate the relationship between the
present research with sustainable education, where a more profound performance of AI
generative tools contributes to the prevalence of sustainable education.

1.3. Research Question

What are the conceptual knowledge difficulties encountered by ChatGPT when solving
chemistry problems pertaining to the topic of Introduction to Material Science?

2. Methodology
2.1. Research Context

The research was conducted within the framework of an Introduction to Material
Science course, which serves as an introductory course to fundamental topics and concepts
in the field of chemistry. The course encompasses essential elements, including particles,
atoms, molecules, ions, chemical bonds, the periodic table, and the chemical and physical
properties of substances. Furthermore, it covers basic chemical reactions, including their
definitions, properties, and the principles of chemical kinetics. By participating in this
course, students acquire a solid foundation in the fundamental principles of chemistry and
develop a comprehensive understanding of its key components.
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2.2. Data Collection Tools

We gathered responses from ChatGPT on a set of chemistry problems pertaining to
the topic of Introduction to Material Science. The problem set consisted of two types: open-
ended problems, as exemplified by Figure 1; and multiple-choice problems, as exemplified
by Figure 2.
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Figure 2. A multiple-choice chemistry problem.

2.3. Data Analysis Tools

We conducted an analysis of ChatGPT’s responses to the chemistry problems using
the theoretical framework proposed by Holme et al. [15]. Specifically, we examined the
conceptual understanding difficulties faced by ChatGPT in relation to the categories out-
lined in the framework: transfer, depth, predict/explain, problem solving, and translate.
To provide a comprehensive overview, Table 1 presents the themes associated with each
category, along with the corresponding difficulties observed during the analysis.

Table 1. Themes of the conceptual knowledge categories.

Category Themes

Transfer Transfer, transition, and implementation
Depth Awareness of rules, awareness of reason, and awareness of nature
Predict/explain Prediction, indication, explaining, because, and leading to
Problem solving Critical thinking and procedural knowledge
Translate Translate and representation

2.4. Validity and Reliability

We conducted an analysis of 30 chemistry problems pertaining to the topic of Intro-
duction to Material Science, consisting of 15 open-ended problems and 15 multiple-choice
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problems. From this dataset, we analyzed the responses generated by ChatGPT for 5 open-
ended problems and 8 multiple-choice problems. Our analysis did not reveal any new
types of difficulties related to conceptual understanding. This suggests that we reached
saturation concerning the conceptual understanding categories and their properties [21,22].

To ensure a reliable data analysis, two experienced coders utilized the adopted concep-
tual framework to code the ChatGPT answers. Their coding process involved identifying
sentences indicative of conceptual knowledge themes. The Cohen’s Kappa coefficients
obtained for the coder agreement ranged from 0.89 to 0.91 for the conceptual understanding
categories, which was considered acceptable. These results further support the reliability
of our data analysis.

3. Results

In the following section, we present the solutions provided by ChatGPT for various
chemistry problems. Throughout the analysis, we highlighted the difficulties encountered
by ChatGPT specifically related to the five aspects of conceptual understanding as outlined
by Holme et al. [15].

Table 2 provides detailed information about the problem types, Bloom’s level of
the given chemical problems, and the specific conceptual difficulties encountered by the
generative AI.

Table 2. Problem types, Bloom’s level of the given problems, and the specific conceptual difficulties
encountered by the generative AI.

Question Number Bloom’s Taxonomy
Level

Type of Question
(Open-Ended/True
or False/Multiple

Choice)

Type of
Difficulty

1 Application Multiple choice -

2 Understanding Multiple choice D-reasoning

3 Analysis Multiple choice D-rules

4 Remembering Multiple choice -

5 Analysis Multiple choice D-understanding

6 Application Multiple choice D-understanding

7 Understanding Multiple choice -

8 Remembering Multiple choice -

9 Understanding Multiple choice -

10 Application Multiple choice Problem solving

11 Remembering Multiple choice -

12 Understanding Multiple choice -

13 Analysis Multiple choice D-understanding

14 Remembering Multiple choice -

15 Understanding Multiple choice D-reasoning

16 Application Open-ended D-understanding

17 Analysis Open-ended -

18 Analysis Open-ended Problem solving

19 Application Open-ended D-understanding

18 Application Open-ended D-understanding

21 Application Open-ended Problem solving
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Table 2. Cont.

Question Number Bloom’s Taxonomy
Level

Type of Question
(Open-Ended/True
or False/Multiple

Choice)

Type of
Difficulty

22 Application Open-ended -

23 Analysis Open-ended Problem solving

24 Application Open-ended D-Understanding

25 Remembering Open-ended -

26 Synthesis Open-ended Transfer

27 Synthesis Open-ended -

28 Synthesis Open-ended D-Understanding

29 Evaluation Open-ended -

30 Evaluation Open-ended Translation
D: Depth.

Table 2 shows that, generally speaking, ChatGPT encountered no conceptual dif-
ficulties in solving remembering problems; it encountered depth difficulties of the un-
derstanding type when solving understanding, application, and analysis problems; it
encountered transfer difficulties when solving synthesis problems; and it encountered
translation difficulties when solving evaluation problems.

The following section provides a comprehensive description of the various conceptual
difficulties encountered by ChatGPT.

3.1. Difficulties Related to the Depth Issue

The depth category comprises two sub-categories that pertain to the conceptual chal-
lenges encountered by ChatGPT: awareness of chemical rules and understanding the nature
of specific compounds. In the following sections, we provide a detailed description of each
sub-category.

3.1.1. First Depth Issue: Awareness of the Chemical Rules

Table 3 features a problem in which ChatGPT’s response exhibited a difficulty associ-
ated with the awareness of chemical rules.

Table 3. ChatGPT’s difficulty with awareness of chemical rules.

Problem

Any unlikely reaction?
1. F2 + 2HCl→ 2HF + Cl2
2. Br2 + 2HCl→ 2HBr + Cl2
3. F2 + 2HI→ 2HF + I2
4. Br2 + 2HI→ 2HBr + I2

Answer

All the given reactions involve halogens and hydrogen halides, which are
expected to react to form halides of the respective elements and hydrogen
gas. Therefore, all the reactions are likely to occur. However, in the third
reaction, F2 + 2HI→ 2HF + I2, the product hydrogen fluoride (HF) is a
strong acid and can react with iodine (I2) to form hydrogen iodide (HI) and
iodine pentafluoride (IF5) as follows: 2HF + I2 → 2HI + IF5. This reaction is
an unlikely side reaction that may occur along with the main reaction.
Therefore, the correct answer is option 3, F2 + 2HI→ 2HF + I2, due to the
potential side reaction of HF and I2 forming IF5.
“A halogen displacement reaction occurs when a more reactive halogen
displaces a less reactive halogen from an aqueous solution of its halide”.
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Based on the explanation, it appeared that ChatGPT lacked awareness of the rules gov-
erning displacement reactions of halides. This highlighted a depth-related issue regarding
ChatGPT’s understanding of the chemistry rules associated with such reactions. Specif-
ically, ChatGPT was not aware that the reactivity of halogens decreases in the following
order: F2 > Cl2 > Br2 > I2.

3.1.2. Second Depth Issue: Awareness of the Nature of a Specific Compound

Table 4 includes a problem that, when ChatGPT answered, the answer included a
difficulty related to the awareness of the nature of a specific compound.

Table 4. ChatGPT’s difficulty with awareness of the nature of a specific compound.

Problem

If you know that the reaction that takes place when potassium hydride
(KH(s)) is added to water is:

KH(s) + H2O(`) → K+
(aq) + OH−(aq) + H2(g)

How does the reaction affect the pH of the solution?
1. It changes from an acidic solution to a basic one
2. It changes from a basic solution to an acidic solution
3. It changes from a neutral solution to a basic solution
4. It changes from a neutral solution to an acidic solution

Answer

The reaction of potassium hydride (KH) with water (H2O) produces
potassium hydroxide (KOH) and hydrogen gas (H2) along with hydroxide
ions (OH−) in an aqueous solution. The hydroxide ions (OH−) are
responsible for the increase in pH of the solution, making it more basic.
Therefore, the correct answer is option 1: it changes from an acidic solution
to a basic one.

It appeared that there may have been a misunderstanding as KH should not be
considered an acidic solution. It is right that most of the inorganic compounds with H are
acidic, but KH (potassium hydride) reacts as a basic compound when added to water.

3.2. Difficulties Related to the Problem-Solving Issue

Table 5 includes a problem that, when ChatGPT answered, the answer included a
difficulty related to the problem-solving category.

Table 5. ChatGPT’s difficulty with problem solving.

Problem

In a closed vessel, 200 mL of 0.25 M acetic acid (CH3COOH) solution was
mixed with 100 mL of 0.5 M NaOH aqueous solution. The temperature of
the liquid increased by 2.2 ◦C. What is the value of the heat of reaction
(∆H) for the reaction?

Original: q = (200 g + 100 g) × 4.18 J/g·K × 2.2 ◦C, q = 1983.6 J, ∆H =
q/moles of NaOH = 1983.6 J/0.05 mol = 39,672 J/mol.
The correct calculation would be q = (200 g + 100 g) × 4.18 J/g·K × 2.2 ◦C
= 2758.8 J. ∆H = q/n, where n = number of moles of NaOH or CH3COOH
used. ∆H = 2758.8 J/0.05 mol = 55,176 J/mol = 55.176 KJ/mol.

During the problem-solving process, ChatGPT demonstrated correct reasoning. How-
ever, there were errors in the arithmetic computations, leading to an incorrect answer.

Upon receiving the problem again after a 15 min interval, ChatGPT provided another
incorrect answer. The mistakes were attributed to miscalculations in the determination of q
and the number of moles of the product.

When informed of its mistake in calculating q, ChatGPT responded politely:

“I apologize for the mistake in my previous response. Thank you for bringing it
to my attention. Here is the corrected calculation”. The answer again included a
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mistake in the calculation. We requested ChatGPT to reconsider the calculation:
“are you sure in calculating q: q = 0.3 kg × 4.18 J/(g·◦C) × 2.2 ◦C = 2.90 kJ?”.
ChatGPT replied: “I apologize again for the mistake. Thank you for bringing it to
my attention. The correct calculation for q is . . . ”

In this instance, ChatGPT provided an incorrect summation. Instead of the accurate
value of 2.7558 KJ, it mistakenly calculated the sum as 2.90 KJ.

ChatGPT acknowledged the repeated miscalculation and apologized, stating: “I
apologize for any confusion my previous mistake may have caused”.

In this case, the difficulty encountered by ChatGPT related to problem solving and critical
thinking applied to the given problem. The expression (200 g + 100 g) * 4.18 J/g·K * 2.2 ◦C
indicated that q should be greater than 2400 (300 * 4 * 2). Therefore, ChatGPT should have
recognized that the previously provided answer was illogical.

3.3. Difficulties Related to the Explanation Issue

Table 6 includes a problem that, when ChatGPT answered, the answer included a
difficulty related to the explanation category.

Table 6. ChatGPT’s difficulty with explanation.

Problem

Balance the following reaction:
Cu(NO3)2(aq) + NaOH(aq) → Cu(OH)2(s) + NaNO3(aq)

Does the reaction give an acidic solution or a basic solution? Explain!

Answer

The balanced reaction is:
Cu(NO3)2(aq) + 2NaOH(aq) → Cu(OH)2(s) + 2NaNO3(aq)

In this reaction, Cu(NO3)2(aq) and NaOH(aq) react to form Cu(OH)2(s) and
NaNO3(aq). The coefficient of NaOH(aq) is 2, which means that two moles
of NaOH are required to react with one mole of Cu(NO3)2.

When NaOH is added to a Cu(NO3)2 solution, it reacts with the HNO3
produced by the dissociation of Cu(NO3)2 to form water and NaNO3. The
resulting solution has a pH greater than 7, making it basic.
Therefore, the reaction gives a basic solution.

In the given solution, the chemical reaction balancing was correct. However, the
conclusion drawn about the type of solution produced and the accompanying explana-
tion were both incorrect. It should be noted that the dissociation of Cu(NO3)2 does not
yield HNO3.

The accurate answer was that the solution should shift from basic to neutral due to
the chemical reaction. Cu(OH)2(s) forms a precipitate and the Ksp (Cu(OH)2) at 25 ◦C
is 1.6 × 10−19, resulting in a negligible amount of OH− ions. Consequently, the solution
becomes neutral.

3.4. Difficulties Related to the Translation Issue

ChatGPT encountered challenges in the translation category, particularly when the
problem involved an image. Table 7 presents a problem where ChatGPT’s response exhib-
ited a difficulty associated with the translation category.
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Table 7. ChatGPT’s difficulty related to translation.

Problem

Here is a phase diagram of carbon dioxide.
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carbon dioxide at a pressure of 0.2 Mpa from a temperature of −90 ◦C to a
temperature of −20 ◦C while maintaining a constant pressure? (B) Another
sample of solid carbon dioxide exists at initial conditions of 6 Mpa and
−90 ◦C; it is heated at constant pressure to −20 ◦C. What will happen to
this sample compared to the above sample?

Answer

To answer your questions, I need to refer to the phase diagram of carbon
dioxide. However, as an AI text-based model, I do not have the ability to
directly access or display images. I can provide you with a verbal
description of the phase diagram and answer your questions based on the
general understanding of carbon dioxide’s phase behavior.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . .
(B) In the case of the second sample, starting with solid carbon dioxide at
6 MPa and −90 ◦C and heating it at constant pressure to −20 ◦C, the phase
diagram suggests that carbon dioxide will undergo a phase transition from
the solid phase to the gaseous phase, similar to the previous scenario.
However, as the initial pressure is higher (6 MPa), the transition from solid
to gas may occur at a slightly higher temperature compared to the previous
sample. Nonetheless, both samples will eventually reach the gaseous phase
at −20 ◦C and their respective pressures.

The last paragraph in the solution is not correct, as ChatGPT does not have the
capability to read or process images. ChatGPT informed us that it is unable to perform
image analyses due to its limitations. Therefore, ChatGPT faced difficulties in translating
from a graphical representation to a symbolic representation.

3.5. Difficulties Related to the Transfer Issue

Table 8 presents a problem where ChatGPT’s response exhibited a difficulty associated
with the awareness of the transfer from the context of a chemical compound to that of an
everyday compound such as chalk.
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Table 8. ChatGPT’s difficulty related to awareness of the transfer from a chemical to a chalk element.

Problem

When you put a piece of chalk in a glass vessel that contains water and blow
with a straw into the water for half an hour, you see the formation of gas
bubbles on the surface of the chalk and a small reduction in the volume of the
piece of chalk. Formulate the chemical reaction that caused the phenomena
and explain in your own words what happened.

Answer

The phenomenon you described suggests that a chemical reaction occurred
between the chalk and the water, resulting in the formation of gas bubbles and
a reduction in the volume of the chalk. While I cannot provide an exact
chemical equation without further information, I can explain what might have
happened based on the given observations.
Chalk, primarily composed of calcium carbonate (CaCO3), is a common
mineral found in sedimentary rocks and is widely used in classrooms as chalk
sticks. When you blow air into water using a straw, you introduce carbon
dioxide (CO2) from your breath into the water. The water can dissolve some of
the CO2, forming carbonic acid (H2CO3), which is a weak acid.
Calcium carbonate (chalk) can react with carbonic acid in the
following reaction:
CaCO3 + H2CO3 → Ca(HCO3)2
In this reaction, calcium carbonate reacts with carbonic acid to produce
calcium bicarbonate (Ca(HCO3)2). This reaction is responsible for the observed
reduction in the volume of the chalk.
The formation of gas bubbles on the surface of the chalk indicates the release of
carbon dioxide gas (CO2), which is a byproduct of the reaction. The gas
bubbles rise to the water’s surface and escape into the atmosphere.
Therefore, the overall process involves the dissolution of carbon dioxide in
water, the formation of carbonic acid, and the subsequent reaction with
calcium carbonate, leading to the formation of calcium bicarbonate, the release
of carbon dioxide gas, and a decrease in the volume of the chalk.

The above answer failed to mention the decomposition of the bicarbonate as the
source of carbon dioxide released on the surface of the chalk. Instead of acknowledging this
specific process, which would have shown ChatGPT’s ability to transfer from the chemical
compound context to the chalk context, the generative AI simply stated that carbon dioxide
is a byproduct.

4. Discussion

Researchers have, since the advent of the computer, been interested in the potential
of technology in various aspects of education [23–25]. Recently, educational researchers
have shown increasing interest in the potential of AI, including ChatGPT, for teaching
and learning [26–30]. The objective of this study was to examine the conceptual knowl-
edge difficulties encountered by ChatGPT when addressing chemistry problems within a
specific topic.

ChatGPT encountered no conceptual difficulties in solving remembering problems,
which could have been due to the fact that the remembering problem entailed only return-
ing to the content with which ChatGPT was supplied. It encountered depth difficulties of
the understanding type when solving understanding, application, and analysis problems.
ChatGPT encountered transfer difficulties when solving synthesis problems and it encoun-
tered translation difficulties when solving evaluation problems. The previous two types of
difficulty may have been due the textual nature of ChatGPT as the two difficulties were
conditioned by the ability to translate from one representation into another [31].

The findings revealed that although ChatGPT did not face conceptual difficulties in
13 out of 30 chemistry problems, it faced challenges across all five categories of conceptual
knowledge, with a higher prevalence of difficulties observed in the depth category. Ac-
cording to Holme et al. [15], the depth category encompasses the ability to reason about
chemistry concepts beyond simple memorization or algorithmic problem-solving. In our
research, these challenges manifested as difficulties in understanding chemical rules, com-
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prehending the nature of specific compounds, and grasping the reasons behind chemical
phenomena. These characteristics can lead to an unclear understanding of the subject
matter [32], highlighting the need to enhance the functioning of AI, including ChatGPT, to
improve its capability to address scientific questions and minimize misconceptions.

Regarding representations, in addition to the argument above, ChatGPT, being text-
based generative AI, can encounter difficulties in this aspect. The limitations stem from
its inability to directly generate or display visual figures. To illustrate this, we engaged
ChatGPT in a conversation about representations in chemistry. It mentioned various types
of representations, including chemical formulas, structural formulas, ball-and-stick models,
space-filling models, Lewis dot structures, electron configurations, reaction equations, and
the periodic table. However, when we specifically requested a figure illustrating electron
configurations, ChatGPT acknowledged its limitations and apologized for its inability to
generate or display visual figures. Nevertheless, it offered to describe the concept and
provide an example. For instance, the electron configuration of oxygen (O) is represented
as 1sˆ2 2sˆ2 2pˆ4.

Upon comparing this textual representation with the one in Figure 3, it became evi-
dent that ChatGPT would benefit from advancing beyond a purely text-based approach,
incorporating symbol and figure-based capabilities to enhance its understanding and
communication of chemistry concepts.
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When we requested ChatGPT to provide a figure illustrating the electron configuration
of oxygen once again, it presented the representation shown in Figure 4. This indicated
that ChatGPT had the potential to generate visual representations and had improved its
capabilities in this regard.

When prompted to provide contexts for using the multi-line representation of electron
configurations, ChatGPT identified three scenarios: visualizing energy levels, comparing
electron configurations, and identifying valence electrons.

To address the limitations of ChatGPT’s text-based capabilities, researchers have
proposed the use of converters that can transform text into graphical representations, as
suggested by Jiang et al. [33].

In previous studies, there have been mixed findings regarding ChatGPT’s performance
as a learner. Huh [34] demonstrated that ChatGPT’s performance in parasitology fell short
compared with that of a Korean student, while Juhi et al. [35] found that ChatGPT’s
predictions and explanations for drug–drug interactions were only partially accurate. On
the other hand, Kung et al. conducted a study in which ChatGPT successfully completed
the United States Medical Licensing Examination without human assistance.

Although the present study did not directly compare ChatGPT’s performance with that
of college students in solving chemistry problems, it identified the conceptual knowledge
difficulties that ChatGPT encountered when answering these problems. These difficulties
could be attributed to ChatGPT’s nature as generative AI as it had not previously been
exposed to the specific chemistry problems presented. The future development of ChatGPT
is expected to enhance its ability to handle new scientific problems, including those in the
field of chemistry.
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5. Conclusions

ChatGPT was requested to solve 30 chemistry problems, where it solved 13 out of
30 problems (43.33% of the problems) without showing conceptual difficulties. This showed
that ChatGPT could be a promising accompanier of the learner in solving chemistry prob-
lems. Thus, it is recommended that ChatGPT be integrated into the chemistry classroom in
order to support students’ learning.

ChatGPT was also requested to answer questions regarding its ability in issues re-
lated to conceptual understanding in chemistry, which revealed that it could work with
representations but not with sound ones. New generative AI has the potential to work
with representations, which could lead to deeper knowledge of various disciplines, includ-
ing chemistry.

The aim of this research was to examine the conceptual understanding challenges
faced by ChatGPT when responding to chemistry questions on the topic of Introduction
to Material Science. The findings revealed that ChatGPT encountered difficulties across
all aspects of conceptual understanding, with particular challenges observed in the depth
category and the translation category. As ChatGPT operates as text-based generative AI, it
is recommended that the conversion of text models into pictorial or graphical models is
explored using tools such as Graphologue, as suggested by Jiang et al. [32]. Implementing
such recommendations would empower learners in the era of generative AI [36].

The difficulties encountered by ChatGPT in comprehending and responding to chem-
istry problems within the Introduction to Material Science domain highlight the limitations
of AI tools in complex subject areas. Whilst ChatGPT shows promise as a teaching and
learning resource, improvements are needed to enhance its conceptual understanding and
analytical abilities, especially in representations and problem-solving skills. More advanced
algorithms and training data encompassing a wider range of chemistry problems may be
necessary to address these limitations.

This research sheds light on the conceptual understanding difficulties ChatGPT faced
in the chemistry discipline, specifically in an Introduction to Material Science course. The
tool encountered challenges in comprehending complex representations and generating
in-depth, explainable solutions. These findings emphasize the need for ongoing research
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and development to refine AI tools like ChatGPT and enhance their capabilities to maximize
their potential as adequate educational resources in chemistry education.

In summary, our findings revealed that ChatGPT encountered significant conceptual
knowledge difficulties across various categories, with a particular emphasis on represen-
tations and depth of understanding. Difficulties in representations hindered the effective
transfer of knowledge. ChatGPT struggled to comprehend and interpret complex chemical
structures or formulas, resulting in inaccurate or incomplete solutions. This limitation was
most noticeable when problems required a high level of depth and critical thinking, sug-
gesting a need for further improvements in ChatGPT’s analytical capabilities. Furthermore,
ChatGPT faced challenges in predicting and explaining the answers it provided. The tool
often generated solutions that needed clear explanations or reasoning, making it difficult
for users to understand the underlying principles behind the solutions. This limitation may
hinder effective learning and its potential as an educational resource. Developers of genera-
tive AI could benefit from carefully reading epistemic studies on the role of transformers
and knowledge, which could help them to develop more complex generative AI tools that
address fewer conceptual understanding difficulties.
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