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Abstract. The article discusses the opportunities and challenges of using
generative artificial intelligence (Al) in teaching chemistry in higher education
institutions. Among modern Al technologies, ChatGPT is one of the most discussed
and widely used tools to help students master complex teaching material. The aim
of the study is to analyze the main difficulties encountered by the ChatGPT model
in solving chemistry problems and to identify the peculiarities of using Al in the
process of professional training of future chemistry teachers. To collect empirical
data, a study was conducted among students in the “Chemistry teacher training”
educational program at the South Kazakhstan Pedagogical University named
after O. Zhanibekov. A survey was carried out to find out how actively students
use ChatGPT in chemistry classes and for what purposes, and the results were
subjected to statistical analysis. The possibilities of generative Al in transferring
conceptual knowledge in chemistry were also investigated. The ChatGPT models
were given chemistry problems to solve, organized into three levels of difficulty
and covering various topics in inorganic chemistry. According to the study results,
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the chat-bot provided the correct answer to 77.77% of the questions asked, was
unable to provide a completely correct answer to 5.55%, and gave an incorrect
answer to the remaining 16.66%. The study found that ChatGPT was unable to
correctly use chemical terminology when solving highly complex problems, made
errors in balancing chemical equations and stoichiometric calculations, and was
unable to fully grasp complex conceptions. Therefore, when integrating such
models into pedagogical practice, we recommend taking their limitations into
account, provide pedagogical support and use them as an auxiliary tool rather than
the main means of teaching.

Keywords: generative artificial intelligence, ChatGPT, chemistry teaching,
professional teacher training, chemical tasks, Al in education, difficulties in
applying Al
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AHHOTanusi. Makanaga >KOFapFbl OKY OpBIHAAPBIHAA XUMHSHBI OKBITY
Ke31HJie FeHepaTuBTi kacanabl nHTeIuIekTTi (K1) naiiganany MyMKiHIiKTepi MEH
Macedenepi kapaiasl. Kaszipri 3aMaHFbl )KacaH (bl HHTEJUICKT TEXHOJIOTUSIIAPBIHBIH
apaceiiga ChatGPT crymeHnTTepre Kypieni OKy MaTepHalapblH MEHrepyre
KOMEKTECETiH €H KOl TalKbUIAaHATBIH JKOHE KEeHIHEeH TaiiJanaHblIaThiH
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KypasgapaeiH 0ipi OOJbIT TaObUTaAbl. 3epTTEYIIH MaKcaThl — XUMHUS €CeNTepiH
mernry ke3inge ChatGPT mozeni ke3neceTiH HeTi3ri KUBIHABIKTapAbl TAIIAY JKOHE
Oomamiak XUMHUS MyFaliMJepiH kociom nmasprmay mpomuecinne KW malimamany
epeKILIENiKTEPiH aHbIKTAy. DMIIMPUKAJIBIK AepeKTepal xuHay yuin O. JKonioexkos
areiHaarel  OHTycTiK KaszakcTaH TenarorukaliblK YHHBEPCUTETIHIH «XUMUS
MYFamiMJICpiH JaspialTeiH» OinmiM  Oepy OardapiaMachbiHBIH —CTYIASHTTEpi
apacheIH/Ia 3epTTey KYprizinai. biriM anymsliapaslH XUMAs cabarbl OaphIChIHA
ChatGPT-ni konmaHy asiChlH KOHE KaHAall MakcarTa KOJIJaHATHIHBIH Olry
MakcaThlHJIa cayallHama aJblHIbl JKOHE OHBIH HOTIDKENEPi CTaTUCTHKAIBIK
tangaynan orTi. CoHmal-ak, MaKanaga XUMUSIAFbl TYKBIPBIMIaMaIbIK OiTiMIi
Oepy kesinzme reneparustik KW mymkingikrepi 3eprrenai. ChatGPT monenine
OeliopraHuKaIbIK XUMUSHBIH OpTYPJIi TaKbIPhINTapbIiHa OaMIaHBICTHI KYPSTUTIT]
OOWBIHIIA YIII ICHTeiTe 00T HIeH XMMHSITBIK €CETITep i ety OOHbIHIIIAa MiHJIETTEP
KOWBUIIBL. 3epTTey HOTHKeci OoiipIHIIA OepinreH ecenrtepniH 77.77% yar-6ot
JypbIC xayan 0epai, 5.55% TomnbIK AyphIc Kayan Oepe anMazsl, ajl KaiaraH 16.66%
Kare skayan Oepni. AnbiHraH HoTwkenep OoifpiHma ChatGPT-min HerypibiM
JKOFaphl KYPIEIUIK JeHTeHaeri ecenTepAl MIemyae XUMHSIIBIK TEePMHHIEPII
IYpeIC KonmaHOay, peakius TEHJIEyJIepl MEH CTEXHOMETPHUSIIBIK ecernTeyliepie
KaTeIIKTep KOHE KYPAEIi YFBIMIAP/Ibl TOJIBIK MEHTEPEe aJIMaFaH IbIFbl AaHBIKTAII/TbI.
CoHIBIKTaH MYHJAll yITiIepAl MeAarorukajblK MpaKTHKaFa KipiKTipy Ke3iHe
ONIAPJIBIH IICKTEYJIEPIH eCKepy, MeJaroruKajblK KOJJay KOpPCETy *KOHE OJapJbl
OKBITYIBIH HET13T1 Kypallbl eMec, KOMEKIII Kypajl peTiH/e naiganany KaXeTTiriH
YCBIHAMBI3.

Tyiiin ce3nep: reneparusTi sxacannsl HHTEIIEKT, ChatGPT, XuMUSHBI OKBITY,
MyFamiMepai KociOu naspnay, XHUMESUIBIK ecemnrtep, Oimim Oepymeri KU, KU
KOJIJIaHyAaFbl KABIHIBIKTAP

© Baywpipxkan JI.H.!, dKbrabicoaeBa A.H."", JKpuibicoaeBa I H. 2, 2026.
"TOxHO0-Ka3axcTaHCKHH Mearornueckuil yaHuBepcureT nuMenu 0. XKoHiOekos,
IIemmkenT, Kazaxcran;

’MesxayHapOAHBIN Ka3aXCKO-TYPELKHI YHHBEPCUTET YHHBEPCUTET HMEHU
X.A. Scayu, Typkecran, Kazaxcran.

E-mail: zhylysbayeva.akkonyr@okmpu.kz

HEPCIHHEKTUBBI U TPYIHOCTH UCITOJIB3OBAHUSA
HNCKYCCTBEHHOI'O UHTEJIVIEKTA B U3YYEHUHU
HEOPTAHUYECKOW XUMHU

Baysipaxan Jlaypa — PhD noxropanr, HOxxHo-Ka3zaxcTaHkuil me1arorndeckuii yHUBEPCUTET UMEHH
O306ekoni XKonidekos, llIpivkent, Kazaxcran,

E-mail: laurarahymjan@gmail.com, https://orcid.org/0009-0006-8572-5482;

Kbiipic6aeBa AKKOHBIP — KaHAWJAT XUMHYECKHX HayK, JOIEHT, IUPEKTOp HHCTHUTYTa
MoCIeBy30BCcKoro obpaszoBanust HOxkHO0-Ka3axcTaHCKOTO Mefarornyeckoro yHHBEPCHUTETa WMEHH
O306ekoni XKonidekos, llIpivkent, Kazaxcran,

OROAE] 46




ISSN 1991-3494 4.2026

E-mail: zhylysbayeva.akkonyr@okmpu.kz, https://orcid.org/0000-0001-9114-7582;

KblibicoaeBa 'yabxaH — KaHIUAAT TEXHUYECKUX HayK, JOLEHT, MexXayHapoIHBIH Ka3aXCKo-
Typeukuil yauBepcurer uMeHu Xomku Axmena Scasu, Typkecran, Kazaxcran,

E-mail: gulkhan.zhylysbayeva@ayu.edu.kz, https://orcid.org/0000-0002-9800-3896.

AnHotranusi. B crathe paccMaTpuBaIOTCS BO3MOKHOCTH W IPOOIEMBI
IIPUMEHEHUS T€HEePaTUBHOIO NCKyCcCTBEHHOro nHTeekra (111) B npenonaBanun
XMMHAM B OpraHu3alusx Beicuiero oOpaszoBanus. CpenucoBpemeHHbIX WMU-
texnonoruit ChatGPT sBnsiercs ogauM 3 Hanbonee 0OCYXKIAEMbBIX M HIMPOKO
HCIONB3YeMbIX MHCTPYMEHTOB, CIOCOOHBIX OKa3blBaTh MOAJIEPKKY CTYACHTaM
IIPH OCBOCHUH CIIOKHOTO yueOHOTo MaTepuaina. Llens nccienoBanus 3akimrodaercs
B QHAJIM3€ OCHOBHBIX 3aTPYJAHEHUN, BOSHUKAIOIINX IPU HCIIOJIB30BAHUN MOAEIN
ChatGPT nns pemrenus 3aaad Mo XMMHH, a TAKXKE B BBIBICHUHM 0COOCHHOCTEH
npumeHenus U1 B mporiecce npodeccuoHanbsHON TOATOTOBKH OYYIIIMX YIHTENeH
xuMun. [ns cOopa SMIMpHUECKHUX JAaHHBIX OBUIO MPOBEACHO HCCIEIOBAHHE C
ydacTHeM CTyAEHTOB oOpa3oBarenbHOi mporpammsbl «llonroroBka yuutenei
xumum» FOxH0-KazaxcTaHCKOTo Ne1arornaeckoro yHuBepcuTeTa nMeHN O30eKalti
KonibexoBa. Onpoc ObLT HampaBieH Ha BBISBICHHE MHTEHCUBHOCTH M LiEJed
nucronb3oBanusga ChatGPT cTymeHTamMu Ha 3aHATHSX M0 XUMHH, a MOJTYYCHHBIC
JaHHble ObUIM 00paboTaHbl METOJAMH CTaTUCTHYECKOro aHaiusa. Kpome Ttoro,
HCCIIeIOBAHBI BO3MOKHOCTH TeHepatuBHoro MU B mpeacTaBieHny U 00bSICHEHNN
KOHIIETITyaJbHBIX 3HaHWK 1o xumun. Moxenn ChatGPT Obun mpemmoxeHsl
3a/laud M0 Pa3IWYHBIM TeMaM HEOPTaHWYeCKOW XUMHH, pacIpe/esIeHHbIe I10
TPEM YpPOBHSM CI0XHOCTH. COINIacHO pe3yabTaTaM HUCCIIEAOBaHMs, 4aT-00T nai
npaBWiIbHbIC OTBETHl Ha 77,77% 3amaHuil, 4acTUYHO MNpaBHIbHBIC - Ha 5,55%,
HeMpaBWIbHBIE - HAa 16,66%. AHanmM3 MONYYEHHBIX PE3YJIBTATOB IMOKA3aI, YTO
IpU peLIeHnd 3a7ad noBbieHHoN cnokHocTu ChatGPT momyckan HeTouHOCTH
B HCIOJIb30BAaHUH XHMHYECKOW TEPMHUHOJOTHUH, OIIMOKH IPH COCTABICHHUU
YPaBHEHMH XUMHYECKHX PpEaKIUd W  BBIIOJHEHUU CTEXHOMETPHUYECKUX
pacyeToB, a TakXe JEMOHCTPHUPOBAT OIPaHUYEHHYIO CIIOCOOHOCTH KOPPEKTHO
MHTEPIPETUPOBATh CIIOKHBIE XMMHYECKHE KOHUENIWH. B CBA3M ¢ 3TUM IpH
WHTErpalud MOJOOHBIX MOJAENEH B IMEAarornvyecKylo MPakTHKY LejaecooOpa3Ho
YYHUTHIBaTh X OTPAaHUYEHHUsS, 00ECTIeUnBaTh MEJarornieckoe COMpOBOXKACHUE U
HCIIOJIb30BaTh T€HEPATUBHBI MUCKYCCTBEHHBIN MHTEUIEKT IMPEUMYIIECTBEHHO B
KauecTBE BCIIOMOTaTeNIbHOTO, 2 HE OCHOBHOTO CPECTBA OOy4CHHUSI.

KuaroueBble cjioBa: TCHEpaTUBHBIM WCKycCTBeHHBIH wuHTEWTekT, ChatGPT,
npernojaBaHue XUMHUHU, TpodeccHoHalbHasi MOATOTOBKA yUnTeNleH, XUMUUECKHE
3anaun, U1 B 06pasoBanuu, TpyaHoctu npuMmenenns MU

Introduction. Modern trends in the digitalization of education contribute to
the active integration of artificial intelligence (Al) technologies into the learning
process. One of the most in-demand tools today is ChatGPT — a language model
capable of generating text, answering questions, summarizing content, and
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performing various tasks related to information processing. In the context of the
rapid development of students’ digital skills and competencies, the role of such
technologies in educational environments has become especially relevant. In this
regard, president Kassym-Jomart Tokayev emphasized in the 2023-2029 Concept
for the Development of Higher Education and Science that the use of Al approaches
in the educational process enables students to acquire theoretical knowledge
and practical skills more effectively (message of the head of the Republic of
Kazakhstan, 2023). Al offers many opportunities in education, especially in the
study of chemistry. To be precise, it makes it possible to understand difficult
scientific concepts, helps analyze information, and facilitates the process of
learning chemistry. In this context, the use of language models such as ChatGPT
opens new opportunities for personalized learning, support in academic writing,
development of research competencies, and quick access to reference materials.
Nowadays Al can serve as an assistant capable of adapting to the learner’s level
of preparedness, explaining complex concepts, helping structure scientific texts,
and assisting in the preparation of laboratory reports. Therefore, exploring the role
of Al tools as an essential component of the digital learning environment is of
particular importance for enhancing the effectiveness of chemistry education and
fostering students’ academic autonomy.

Literature review. Artificial intelligence (Al), particularly the widely
recognized ChatGPT, has attracted increasing attention from researchers due to
its vast potential in the field of education (Gocen and Aydemir, 2020). Several
studies have demonstrated ChatGPT’s ability to tackle challenges across various
academic disciplines (Dai et al., 2023), raising the question of whether the model
can truly comprehend and articulate complex concepts and interconnections in a
clear and multifaceted way.

In a recent study, West (2023) compared the effectiveness of ChatGPT 3.5 and
ChatGPT 4.0 in the context of physics education. The author noted that while
ChatGPT 3.5 occasionally mimicked the reasoning of an experienced physicist, it
often lacked consistency, leading to discrepancies and gaps across different topics.
In contrast, ChatCPT 4.0 displayed several aspects of genuine “understanding”
due to its use of metaphorical thinking and integration of multiple perspectives.
Nevertheless, the study concluded that even ChatGPT 4.0 does not yet offer a
comprehensive or profound understanding of physics (West, 2023).

Gtigen and Aydemir (2020) highlighted several advantages of Al in education,
including its ability to personalize the learning process and make informed
decisions by leveraging large databases. Dwivedi and colleagues (2023) further
demonstrated that Al can engage in structured reasoning based on learning
outcomes due to its capacity to predict and adapt to changes. According to the
research of Dai et al., (2023), ChatGPT can serve multiple roles in classroom
settings, supporting the educational process at the university level while upholding
academic integrity. Its applications include creative writing, problem-solving,
scientific and group projects, as well as classroom discussions. Additionally, a
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number of recent studies (Aljanbi et al., 2023; Firat, 2023) have underscored
ChatGPT’s versatility in educational contexts, highlighting its use in academic
writing, search support, coding assistance, vulnerability detection, social media
analysis, and as an autonomous agent.

Al has numerous applications in the field of education, including intelligent
tutoring systems, technology-based learning platforms, and automated assessment
tools (Adiguzel et al., 2023). Research has shown that ChatGPT enhances students’
engagement and motivation in the learning process (Munoz et al., 2023). In the
study by Orru and colleagues (Orru et al., 2023; Cracolice et al., 2008; Roth,
2013), ChatGPT demonstrated its problem-solving capabilities by successfully
completing experimental tasks and complex problem sets, ranking in the top 5% of
response combinations. In addition, domestic researchers such as Abdikayumova
N.A. (2025) and her collaborators (Abdikayumova et al., 2025) have explored
the potential and advantages of artificial intelligence and addressed the issues
surrounding its integration into the higher education system. This means that Al is
not only relevant abroad, but also in our educational system in Kazakhstan.

Generative artificial intelligence (GAI) has been identified in several studies
(Cooper, 2023; Leon and Vidhani, 2023) as a helpful tool for assisting students in
scientific disciplines, particularly chemistry. However, to be effectively applied in
educational settings, Al must possess an understanding of scientific concepts and
their interrelations — especially in the context of conceptual knowledge in chemistry.
Previous studies have examined various aspects of conceptual understanding
in chemistry. Furthermore, emerging research suggests that Al technologies,
including ChatGPT, can be integrated into various branches of chemistry — such
as organic chemistry, experimental practices, and problem-solving tasks (Yildirim
and Akcan, 2024).

The purpose of the research: to investigate the challenges faced by ChatGPT
4.0 in solving chemistry-related problems and to examine how students in the
fields of chemistry teacher education utilize Al technologies in their learning.

The research questions:

1. How will the ChatGPT solve chemical problems at three levels in inorganic
chemistry?

2. How do students use Al technologies to learn chemistry?

The research hypothesis: students specializing in chemistry teacher education
can effectively use ChatGPT 4.0 as an auxiliary tool in solving problems in
inorganic chemistry. However, the model demonstrates limitations when dealing
with tasks that require conceptual understanding, which may be attributed to its
incomplete grasp of domain-specific logic.

Materials and methods. Research design. The present study employed a
mixed-methods approach, incorporating both quantitative analysis (to evaluate the
accuracy of ChatGPT’s responses to chemistry problems) and qualitative analysis
(to assess the logical consistency and completeness of the explanations through
expert review). This methodological combination allowed for a comprehensive
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evaluation of ChatGPT’s effectiveness in solving chemistry problems and
providing theoretical justification.

Our research focused on assessing ChatGPT’s problem-solving capabilities in the
field of chemistry, particularly within the domain of inorganic chemistry. The problems
covered the topics of “Gases and gas laws”, “Solutions”, and “Redox reactions”.

To ensure analysis of the collected data, a quantitative method was also applied. A
survey was conducted to determine the scope and purpose of ChatGPT usage by students
during chemistry lessons. The questionnaire aimed to identify students’ experience with
using Al in educational contexts and was designed using a Likert scale.

Research participants. Participants were selected through a convenience
sampling strategy among students enrolled in the “Chemistry teacher training”
educational program at the O. Zhanibekov South Kazakhstan Pedagogical
University. This sampling method allowed the researchers to access respondents
easily and obtain useful insights relevant to the study objectives and hypotheses.
In total, 53 students from the aforementioned institution participated in the survey.

Research instrument. The survey results were analyzed based on the participants’
year of study and their educational program. The questionnaire consisted of 12
questions, including both single-choice and multiple-choice questions. It was
structured around three core domains: students’ experience with Al tools, their
level of trust in Al-generated responses, and the perceived impact of Al on the
learning process. The survey was created and administered anonymously using the
Google Forms platform.

Data collection. The research data were collected using a questionnaire titled
“Use of Al in solving chemistry problems”. Surveys are considered a reliable
method of data collection, as they offer highly structured, objective, and precise
information suitable for through analysis. The questionnaire was distributed to
all students enrolled in the “Chemistry teacher training” program via Google
Forms. It remained accessible online for two weeks. All responses were processed
confidentially, and participation in the study was entirely voluntary.

The investigation into the capacity of generative Al to handle conceptual
chemistry knowledge was conducted within the scope of the “Inorganic chemistry”
course. ChatGPT was assigned a series of problem-solving tasks related to inorganic
chemistry. The problem set included tasks of varying complexity, categorized into
three levels, and was derived from a recognized educational resource (Zhylysbayeva
et., al, 2023). The specific task set provided to ChatGPT is presented in Table 1.

Table 1 — Problems solved using generative artificial intelligence (GAI)

Gases and gas laws
The pressure of 5 liters of gas at an unknown temperature was 103.5 kPa. If
the volume of the gas is reduced to 5.8 liters without changing the temperature,
Easy level what will be the new pressure of the gas?
At a temperature of 32°C, the volume of a gas was 800 mL. if the temperature
is increased to 62°C while keeping the pressure constant, what will be the new
volume of the gas?
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Intermediate level

At a pressure of 100 kPa, 2 liters of oxygen and 4 liters of sulfur (IV) oxide
were mixed. The total volume of the mixture was 6 liters. Determine the partial
pressures of the gases in the mixtures.

A mixture was formed from 3 L of CO,, 4 L of O,, and 6 L of N,. Before mixing,
the pressures of these three gases were 96, 108, and 90.6 kPa, respectively. The
total volume of the mixture is 10 liters. Calculate the total pressure of the gas
mixture.

Advanced level

Three identical containers (same volume and mass) are filled with different
gases under the same conditions. The first container filled with hydrogen has a
mass of 24.8 g. the second container filled with oxygen has a mass of 36.8 g. The
third container is filled with a mixture consisting of 40% nitrogen by volume
and an unknown gas; the total mass of the third container is 33.28 g. Determine
the identity of the unknown gas.

To 100 g of a 13.8% sodium nitrate solution, 10.7 g of ammonium chloride
was added. Upon heating the mixture, 4.48 L of gas (at STP) was released.
After adding silver nitrate to the remaining solution, 11.7 g of a white crystalline
precipitate was obtained. The released gas was combined with the gas produced
by reacting 39 g of zinc with hydrochloric acid. This gas mixture was then passed
first over a platinum catalyst at 350°C and subsequently through an aqueous
solution of sulfuric acid. During this process, the gas volume decreased, and to
neutralize the remaining solution, 41.67 L of 22.4% KOH solution (p=1.2 g/cm?)
was required. Write the equations for the reactions that occurred. Determine
the composition (in volume %) of the gas mixture after passing through the
platinum catalyst.

Solutions

Easy level

In 250 g of water, 50 g of FesO,*7H,O crystal hydrate was dissolved. Calculate
the mass fractions of the crystal hydrate and the anhydrous iron (II) sulfate
(FeSO,) in the solution.

To prepare 1 liter of an 8% (w/w) solution of anhydrous salt, determine the
required masses of water and copper (II) sulfate pentahydrate (CuSO,*5H,0).
Given the density of the 8% CuSO, solution is 1.084 g/mL.

Intermediate level

How many milliliters of 36% hydrochloric acid (HCI) with a density of 1.183 g/
mL are required to prepare 2 liters of 1 M HCI solution?

How many milliliters of 96% sulfuric acid (H,SO,) with a density of 1.84 g/mL
are needed to prepare 1 liters of 2N H,SO, solution?

Advanced level

A 15% H,SO, solution has a density of 1.10 g/mL. Determine the following
concentrations for the solution: molality, normality, molarity.

A 15% H,SO, solution (total mass=350 g) must be prepared by mixing two
sulfuric acid solutions: one with 7.5% concentration and the other with 60%
concentration. Calculate the mass of each solution required for the mixture.

Redox reactions

Easy level

Complete the oxidation reactions of hydrogen sulfide using the half-reaction
method, based on the reaction scheme with chlorine water:
H,S+Cl,+H,0—H,SO,+HCI

Using the Half-Reaction method, construct the complete redox equations for the
following reactions:

a) FeSO,+KMnO,+H,SO,—

b) KCIO,+HCl—

¢) Si+NaOH+H O0—
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150 mL of a 6% potassium permanganate (KMnO,) solution with a density of
Intermediate level | 1.04 g/mL reacts with potassium iodide (KI) solution in the presence of sulfuric
acid. Calculate the mass of iodine (L) that is liberated in the reaction.

To a 500 g hydrochloric acid solution, 15.8 g of potassium permanganate (KMnO,)
with a mass fraction of 35% is added. Determine the volume of the gas produced at
standard conditions (STP), and calculate the number of moles in the final solution.
During electrolysis of a salt of a trivalent metal, a current of 3 A was passed for
2 hours. As a result, 4.18 g of metal was deposited on the cathode. Determine
the identity of the metal. Also, write the equations for the cathode and anode
Advanced level | processes, the overall equation for electrolysis of the molten salt, and the overall
reaction in aqueous solution with a platinum anode and sodium carbonate present.
A galvanic cell is constructed with zinc metal immersed in a 0.1 M zinc nitrate
solution and lead metal immersed in a 0.02 M lead nitrate solution. Calculate
the electromotive force (EMF) of the cell, write the equations for the electrode
reactions, and draw the schematic diagram of the electrochemical cell.

Note: compiled by the authors.

In this study, a total of 18 chemistry problems from the “Inorganic chemistry”
course were analyzed, covering the topics of “Gases and gas laws”, “Solutions”,
and “Redox reactions”. The problem set consisted of 6 tasks at the easy level, 6 at
the intermediate level, and 6 at the advanced level. All the tasks were presented in
Kazakh language (Zhylysbayeva et., al, 2023).

The quality of ChatGPT’s a responses was evaluated using the following criteria:

® Accuracy of the response — does the solution correspond to the correct result?

® Completeness of explanation — are sufficient justifications and examples
provided in the answer?

® Correct use of terminology — does the chatbot employ scientifically accurate
definitions and symbols?

® Logical consistency of reasoning — are there any errors in the step-by-step
problem-solving process?

® Identification of potential limitations and errors — are there cases in which
ChatGPT provides incorrect or incomplete responses?

Data analysis. To assess the reliability of the instrument, Cronbach’s Alpha
coefficient was calculated. The survey data were analyzed using SPSS to perform
normality testing, reliability analysis, and descriptive analysis.

Results. In this study, we examined how ChatGPT solves chemistry problems of
varying complexity, using the topic “Gases and gas laws” as an illustrative example.

Table 2 presents a sample chemistry problem at the easy level from the topic
“Gases and gas laws”, along with the correct answer and the response generated by
the Al model (OpenAl, 2025). ChatGPT successfully solved the Level 1 problem
related to gas laws. The model applied fundamental principles such as Boyle’s
Law accurately, providing a correct and coherent solution. The response was both
precise and logically structured, confirming the model’s ability to handle low-
complexity chemistry tasks effectively.
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Table 2 — An “easy-level” problem on the topic “Gases and gas laws”

Problem 1 — Easy level

Given

The pressure of 5 liters of gas at an unknown temperature was 103.5 kPa. If the volume of the gas
is reduced to 5.8 liters without changing the temperature, what will be the new pressure of the gas?
Answer: 89.22 kPa

ChatGPT 4.0

Given:

Initial pressure: P,=103.5 kPa

Initial volume: V =5.0 L

Final volume: V =5.8 L

Temperature is constant

Find: final pressure P,-?

Solution using Boyle’s Law:

P *V =P *V,->P =P *V /V =103.5%5.0/5.8=89.22 kPa

Answer: The final pressure is approximately 89.22 kPa

Note: compiled by the authors.

Table 3 presents a sample chemistry problem at the intermediate level on the
topic “Gases and gas laws”, along with the response generated by the Al model.
Using Dalton’s Law of Partial Pressure, ChatGPT correctly solved a moderately
complex problem related to gases. The model accurately applied the principle that
the total pressure of a gas mixture is equal to the sum of the partial pressures of
its individual components. The answer was precise and aligned with theoretical
expectations, demonstrating the model’s ability to effectively handle tasks that
require the application of specific gas laws.

Table 3 — An “intermediate-level” problem on the topic “Gases and gas laws”

Problem 1 — Intermediate level

Given

At a pressure of 100 kPa, 2 liters of oxygen and 4 liters of sulfur (IV) oxide were mixed. The total
volume of the mixture was 6 liters. Determine the partial pressures of the gases in the mixtures.
Answer: P ,=33.3 kPa, P, =66.7 kPa

ChatGPT 4.0
Given:
Total pressure: P, =100 kPa

total

Volume of O,=2 L, volume of SO,=4 L

Total volume = 6L

Find: partial pressures P, and P -?

Solution using Dalton’s law and volume ratios:
P, =P . *Voo/V,u=100%2/6=33.33 kPa

02 total al
P, ~100%4/6=66.67 kPa

Answer: P =33.33 kPa, P, =66.67 kPa

SO2
Note: compiled by the authors.

Table 4 presents an advanced-level chemistry problem on the topic “Gases
and gas laws”, along with the response generated by the Al model. In this case,
ChatGPT made an error while attempting to identify the gas present in a third
container, which held nitrogen and an unknown gas. While the model correctly
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analyzed the first two gases — hydrogen and oxygen — it misinterpreted the data
related to the third gas. As a result, the final outcome was incorrect. Despite
correctly applying fundamental theoretical principles, the model made a mistake
during the final stage of identifying the gas mixture composition. This highlights
the need for more careful analysis in the concluding steps of problem-solving,
particularly when interpreting data involving gas mixtures.

Table 4 —An “advanced-level” problem on the topic “Gases and gas laws”

Problem 1 —Advanced level
Given
Three identical containers (same volume and mass) are filled with different gases under the same conditions.
The first container filled with hydrogen has a mass of 24.8 g. the second container filled with oxygen has
amass of 36.8 g. The third container is filled with a mixture consisting of 40% nitrogen by volume and an
unknown gas; the total mass of the third container is 33.28 g. Determine the identity of the unknown gas.
Answer: The unknown gas is - neon
ChatGPT 4.0
Given:
All containers have equal volume -> under the same temperature and pressure, the number of
moles of gas will also be the same.
First container filled with hydrogen:
-Total mass: 24.8 g
-Molar mass of hydrogen: M ,,=2 g/mol
-Number of moles: n=24.8/2=12.4 mol
Second container filled with oxygen:
-Total mass: 36.8 g
-Molar mass of oxygen: M,=32 g/mol
-Number of moles: n=36.8/32=1.15 mol
However, we know that all containers must have the same number of moles (as calculated from the
hydrogen container: 12.4 mol). Therefore, other gases must also be present in the amount of 12.4 mol.
2. Analysis of the third container:
-Total mass: 33.28 g
-Gas mixture: 40% nitrogen (N,) and an unknown gas (X)
-Molar mass of nitrogen: M, ,=28 g/mol
Calculate nitrogen mass:
Since nitrogen makes up 40% of the gas mixture by mass:
m,,=33.28%0.4=13.31 g
Moles of nitrogen:
n,=13.31/28=0.475 mol
Since total moles = 12.4 mol, the number of moles of the unknown gas is:
nX=12.4-0.475=11.925 mol
Mass of the unknown gas: mX=33.28-13.31=1997 g
Molar mass of the unknown gas: MX=19.97/11.925~1.68 g/mol
3. Identifying the unknown gas:
A gas with a molar mass of approximately 1.68 g/mol could potentially be helium (He) or neon (Ne).
-Molar mass of helium: 4 g/mol
-Molar mass of neon: 20 g/mol
These values do not precisely match the calculated 1.68 g/mol. However, considering possible
experiment or calculation inaccuracies, the most likely identity of the gas is helium (He).
Conclusion: The unknown gas is helium (He).
Note: compiled by the authors.
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Unfortunately, in this case, the generative model GPT-4.0 was unable to solve
the high-level problem correctly. In conclusion, although the model demonstrated
appropriate use of theoretical knowledge and correctly addressed many intermediate
steps of the task, an error in the final stage led to an incorrect solution. This emphasizes
the importance of careful and thorough attention throughout all stages of solving
advanced-level problems. The correct solution to the problem is provided in Table 5.

Table 5 — The correct solution to the “advanced-level” problem on the topic “Gases and gas
laws”

Problem 1 —Advanced level

Three identical containers (same volume and mass) are filled with different gases under the same
conditions. The first container filled with hydrogen has a mass of 24.8 g. the second container filled
with oxygen has a mass of 36.8 g. The third container is filled with a mixture consisting of 40%
nitrogen by volume and an unknown gas; the total mass of the third container is 33.28 g. Determine
the identity of the unknown gas.

Answer: The unknown gas is - neon

Solution process from the book:

Let us denote the mass of the empty container as m , and the molar mass of the unknown gas as X.
Then we can write:

v (H,)*2+m =248 (1) v (0,)*32+m =36.8 (2)

Since the number of moles of the gases is equal (same volume, pressure, and temperature), we solve
equations (1) and (2):

m=24.0g, v (H)=v(0,)=0.4 mol

We find the total mass of the gas mixture in the third container by subtracting the container’s mass:
33.28-24.0=9.28 ¢

In this container, the amount of nitrogen is:

v (N,)=v (mixture)*0.4=0.16 mol

We determine the molar mass of the unknown gas using the equation:

9.28=0.16*28+(0.4-0.16)*X

Solving for X: X=28 g/mol

Conclusion: The unknown gas is neon (Ne).

Note: compiled by the authors.

In addition, ChatGPT provided correct responses to all three levels of problems
related to the topic “Solutions”. However, it was unable to fully solve the easy-
level problem on the topic “Redox Reactions” and failed to correctly solve the
advances-level problem, although it performed accurately on the intermediate-
level tasks. This means that the ChatGPT does not always give us the correct
answers.

As a result of the second research question, a survey was conducted to identify
the use of ChatGPT in chemistry lessons. It also sought to gather students’ opinions
on the use of ChatGPT in chemistry education and recommendations for their
future application.

When asked whether they use artificial intelligence technologies to solve
chemical problems and equations, 51 students (96%) responded “Yes”, and only
2 students (4%) responded “No”. This indicates that the vast majority of students
are already using Al technologies in the context of chemistry problem-solving.
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In response to the question “How useful is Al for you in learning chemistry?”,
56.6% of students indicated that it is mostly useful, 18.9% considered it very useful,
and another 18.9% expressed a neutral opinion. Meanwhile, 5.7% of respondents
stated that Al is mostly not useful. Notably, no respondents reported that Al is
completely useless. These results suggest that students generally perceive Al as
beneficial and widely applicable in the educational process, particularly in the
context of learning chemistry.

Which AI technologies do vou use to solve chemical
problems and equations? (multiple answers allowed)

I don't nse AT 18004

Another 7.50%0

Wolfram Alpha

ChemDramw 5.70%%

PhET simulators 11.30%0

Copilot T.50%0

Google Bard 11.30%0

ChatGPT 1oty

Figure 1 — Types of Al technologies used by respondents
Note: compiled by the authors.

In response to the question “Which Al technologies do you use to solve
chemical problems and equations?”, all students (100%) selected the generative
chatbot ChatGPT (see Figure 1). This indicates that ChatGPT is in high demand
within the educational system, particularly for students seeking and applying
chemical information. Since this was a multiple-choice question, 11.3% of
respondents also selected Google Bard, and another 11.3% indicated using PhET
simulations. Additionally, 7.5% reported using the Copilot platform, while 5.7%
chose ChemDraw. Notably, Wolfram Alpha was not selected by any respondents.
A further 7.5% indicated using other types of platforms, and 1.9% of students
reported not using any Al technologies at all.

AT helps me understand complex chemical
concepts in simple terms.

1320 380 [ Totally disagres
% L] M | disagree
™, Pesutral
P ]
g 1 agree
% W strongly agree

Figure 2 — Al support in understanding complex concept
Note: compiled by the authors.
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Regarding the statement “Al helps me understand complex chemical concepts
in simple terms”, 31 students (approximately 58.5%) agreed, while 2 students
(approximately 3.8%) disagreed. Additionally, 7 students (about 13.2%) strongly
agreed, and 13 students (approximately 24.5%) remained neutral. Notably, none of
the respondents expressed strong disagreement (see Figure 2).

To what extent does Al assist you in completing the following
tasts?

15

[ ot helpful

W Slighily helpful

o Neutral

W Significamtly helpful
W Extremely helpdul

Solving chemical  Search for Release of Writtng Preparatien for
TE3Cton imformatien chemical reperes  laboratory  exams and cests
squatioms  about subsesnces (vtobchiomerry, rEpaTLY

and processes  lomemics, efc)

Figure 3 — Solving various problems with Al
Note: compiled by the authors.

This question clarifies in which situations and conditions Al helps students
(see Figure 3). For the task of solving chemical equations, 10 students (18.8%)
reported that Al was extremely helpful, 17 (32.07%) found it significantly helpful,
12 (22.64%) were neutral, 9 (16.98%) stated it was slightly helpful, and 5 (9.43%)
indicated it was not helpful at all. In the task of searching for information about
substances and processes, 15 students (28.3%) indicated that Al was extremely
helpful, 20 (37.73%) considered it significantly helpful, 8 (15.09%) were neutral,
4 (7.54%) found it slightly helpful, and 6 (11.32%) stated it was not helpful.
Regarding solving chemical problems (e.g., stoichiometry, kinetics), 10 students
(18.8%) reported that Al was extremely helpful, 19 (35.84%) significantly helpful,
9 (16.98%) neutral, 9 (16.98%) slightly helpful, and 6 (11.32%) not helpful.
For the section to writing laboratory reports, the largest number of students (17
students 32.07%) chose the option significantly helpful, while a small number of
students (6 students 11.32%) chose the option not helpful. The last section was
preparation for exams and tests, where a large number of students also chose the
variant significantly helpful, and the smallest number of choices was in the variant
slightly helpful by 9.43%.
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How often do von netice errors in AI- - How much do vou rely on information

generated responses? obiained from AI7?

3BT 940 1.90 113

W % W Mever W % 0% B D mot rely st all
M Rarelr I Mbscly de noe rely
I Somecimes =;«ﬁ='u.tr;:l

5
=1?ﬂ:: aften W Camplecely rely
(a) (b)

Figure 4 — Detection of Al errors (a) and respondents’ reliance on Al (b)
Note: compiled by the authors.

In response to the question “How often do you notice errors in Al-generated
responses?”’, 30 students (56.6%) answered “sometimes”, 10 students (18.9%)
answered “often”, and 8 students (15.1%) stated they “rarely” notice errors. Only a
small number of students reported that they “very often” notice errors (2 students)
or “never” notice them (3 students) (see Figure 4-a).

Regarding the question “How much do you rely on information obtained from
AI1?7, 22 students (41.5%) reported that they “mostly” rely on it, while 6 students
(11.3%) stated they “mostly do not rely” on such information. A neutral position
was expressed by 19 students (35.8%), while 5 students (9.4%) indicated they
“completely rely” on Al-generated content. Only 1 student (1.9%) stated that they
“do not rely at all” (see Figure 4-b). These results indicate that the majority of
students tend to seek support from Al-generated information and demonstrate a
general level of trust toward it.

In vour opinion, what role should AI play in the educational
process?

B Strongly disagres
B Dsagree

¥ Meutral

B Agree

B Strongly agree

An auxilinry tool for An assistant in solving A fully-fledged
information retrieval problems and mentor capable of
teaching replacing the teacher

Figure 5 — The role of Al in the educational process
Note: compiled by the authors.
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To understand students’ perspectives on the role artificial intelligence should
play in the educational process, a question was included in the survey evaluating
three potential roles for Al (see Figure 5) an additional tool for information
retrieval, an assistant in problem-solving and learning, and a full-fledged mentor
capable of replacing the teacher. These roles were rated on a 5-point Likert scale,
where 1=strongly disagree and 5=strongly agree. Regarding Al as an additional
tool for information retrieval, 18 students (33.96%) agreed and 21 students
(39.62%) strongly agreed. In contrast, 3 students (5.66%) disagreed and 4 (7.54%)
strongly disagreed, while 7 students (13.2%) remained neutral. As for the role of
Al as an assistant in problem-solving and instruction, 24 students (45.28%) agreed
and 8 (15.09%) strongly agreed. Meanwhile, 6 students (11.32%) disagreed and
4 (7.54%) strongly disagreed; 11 students (20.75%) selected a neutral position. In
contrast, the role of Al as a full-fledged mentor capable of replacing the teacher
received much lower support: only 4 students (7.54%) agreed and 6 (11.32%)
strongly agreed. A significant portion of students disagreed (14 students, 26.41%)
or strongly disagreed (16 students, 30.18%), while 13 students (24.52%) remained
neutral. These findings indicate that the majority of students do not view Al as
capable of fully replacing the teacher, which reinforces the notion that artificial
intelligence cannot substitute the human interaction and pedagogical relationship
between teacher and learner.

The final question of the survey aimed to gather students’ suggestions for
improving the use of artificial intelligence in chemistry education. The responses
included the following recommendations: the development of Al platforms in the
Kazakh language; broader access to verified academic literature; the creation of
interactive learning platforms; the need to equip schools with modern technologies
before full-scale implementation of Al tools; the design of platforms that
deliver accurate and reliable information; the integration of virtual simulations;
the development of specialized platforms for solving chemistry problems;
the automation of assessment to reduce teachers’ workload; the possibility of
assigning tasks based on students’ learning levels; and a suggestion that Al tools
be used primarily by teachers rather than students, as overreliance on Al may
reduce learners’ motivation to engage in independent research.

To evaluate the internal consistency of the survey instrument, Cronbach’s
Alpha reliability coefficient was calculated using SPSS. The analysis included 24
questionnaire items covering various aspects of ChatGPT usage in the academic
activities of master’s students (see Table 6). The resulting alpha value was 0=0.855,
indicating a high level of internal consistency. According to established thresholds,
a coefficient above 0.8 is considered evidence of good reliability. Therefore, the
developed questionnaire is deemed a reliable tool for subsequent data analysis.
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Table 6 — Cronbach’s Alpha coefficient value
Reliability statistics

Cronbach’s Alpha 0.855
Valid 53
Excluded® 0
Total 53

a-listwise deletion based on all variables in the procedure
Note: compiled by the authors.

Additional reliability analysis by thematic blocks (perception, experience, and
recommendations) showed Cronbach’s Alpha values ranging from 0.82 to 0.87
confirming the reliability and consistency of the instrument.

A descriptive analysis of the data was also performed. This descriptive
statistics showed the mean, standard deviation, and dispersion for each question
in the survey. These data characterize the use of Al in the educational process.
The results of the analysis provide general trends in the application of ChatGPT in
chemistry education (see Table 7).

Table 7 — Results of the descriptive analysis

Descriptive statistics
N Mean Standard deviation Dispersion

Question 1 53 1,04 0,192 0,037
Question 2 53 3,96 0,678 0,460
Question 3 53 1,00 0,193 0,052
Question 4 53 3,81 0,709 0,502
Question 5 53 3,41 1,281 1,644
Question 6 53 3,28 0,907 0,822
Question 7 53 3,34 0,898 0,806
Question 8 53 3,00 0,855 0,731
Question 9 53 3,45 0,889 0,791
Question 10 53 3,30 0,932 0,869
Question 11 53 3,28 1,211 1,474
Question 12 53 - - -
N valid 53

Note: compiled by the authors.

Discussion. Analysis revealed that the chatbot answered 14 out of 18 questions
correctly (77.77%). 1t also answered 1 question correctly, but did not provide a
complete explanation. In addition, it answered 3 questions (16.66%) completely
incorrectly. The most common mistakes were misunderstandings of chemical terms
such as anode-cathode and anion-cation. There were also problems with solving
stoichiometric tasks and equating reactions. In addition, there were difficulties in
solving problems involving electrolysis and redox reactions.

When comparing ChatGPT’s responses to the reference answers provided in
the problem set, the following observations were made:
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® ChatGPT is capable of solving basic and intermediate-level problems at the
undergraduate level.

® In more complex or highly specialized topics (e.g., determining the
composition of gas mixtures, writing the overall equation for molten electrolysis,
the partially reduced reaction method, or balancing complete redox equations), the
model tends to produce inconsistent or unreliable results.

® In some cases, ChatGPT offers explanations that are more accessible and
easier to understand than those found in traditional textbooks.

In conclusion, the study identified several strengths of ChatGPT in the context
of solving chemistry problems:

® Rapid generation of solutions and explanations;

® High accuracy in calculations, provided that the task is clearly formulated;

® Educational value, particularly in explaining fundamental concepts.

However, several limitations were also observed:

® Errors in complex calculations and highly specialized topics;

® The possibility of generating plausible-sounding but scientifically incorrect
responses;

® Lack of interactive clarification when additional contextual information is
required.

As a result of the study of the first question, the generative ChatGPT can be
used as a supplementary tool for students of inorganic chemistry, but the answers
must be verified. The model is effective in explaining theoretical foundations, but
requires refinement for solving complex problems or conceptual learning.

Previous studies (Ugar et al., 2025) have also noted that Al makes errors in
complex and logical tasks on chemistry lesson, taking into account the concept of
reasoning. Also, J.Tyson’s study (Tyson, 2023) demonstrated that ChatGPT makes
mathematical and conceptual mistakes when solving chemistry tasks. Therefore,
ChatGPT can only be used as an auxiliary tool in chemistry education.

The survey results revealed that the majority of students actively use artificial
intelligence, and while some viewed it is a potential full-fledged mentor capable
of replacing the teacher in the future, others perceived it solely as an auxiliary tool
for information retrieval. Overall, the findings confirm that artificial intelligence —
particularly the ChatGPT platform — is a widely used and in-demand technology
in the context of chemistry education. ChatGPT was found to assistant students in
analyzing complex concepts and solving problems, thereby supporting its value as
an effective educational tool.

However, the analysis of student responses also revealed that the model is prone
to errors when solving chemistry problems. This highlights the need for a critical
approach to its application in the learning process, emphasizing the importance of
integrating ChatGPT with verified sources and pedagogical support.

Conclusion. The use of artificial intelligence for generating and analyzing test
items in chemistry allows educators to diversity instructional materials and adapt
them to learners with varying levels of preparedness.
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The application of GAI to solve and analyze inorganic chemistry problems
offers teachers certain opportunities. According to the results of the study, ChatGPT
4.0 correctly solved inorganic chemistry tasks, demonstrating its ability to solve
problems at the bachelor’s level. However, it was also found to give incorrect
answers when solving a number of complex multi-step problems. Therefore, when
integrating GAI into the learning process, it should be used as a supplementary
tool rather than a primary one.

In this regard, a survey was developed to determine how university students use
Al in chemistry lessons. Statistical analysis was performed in SPSS to determine
the reliability of the developed survey and to conduct a descriptive analysis. The
reliability coefficient of the research tool was 0.855 (Cronbach’s alpha coefficient
= 0.855). The survey results showed that chatbots are perceived positively by
students. Students noted that they use ChatGPT to solve problems and complete
assignments in inorganic chemistry. This study will be an important step towards
the future integration of Al into the chemistry learning process.
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