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Abstract. This article examines the pedagogical potential of modern Al-
powered chatbots, specifically ChatGPT, for developing students' critical thinking
in chemistry classes. The relevance of the study stems from the rapid digitalization
of education and the growing volume of automatically generated information,
which requires students to develop skills for conscious analysis, interpretation, and
critical evaluation of data obtained from Al sources. The aim of the study was to
determine the effectiveness of using educational texts created using ChatGPT and
containing intentional logical and factual errors as a means of developing critical
thinking in chemistry lessons. The study was conducted as a quasi-experiment with
a pre-test/post-test design in grades 8 and 9 of a comprehensive school in Almaty
(N = 58) during the third quarter. The experimental groups systematically used
texts containing intentional errors, generated using ChatGPT and pre-edited by
the teacher, while the control group used the problem-based presentation method.
The level of critical thinking was assessed before and after the intervention using
a modified L. Lutsenko method; statistical analysis included the Shapiro-Wilk
test, Student's t-test, Wilcoxon and Mann-Whitney tests, and Cohen's d effect
size calculation. The results showed a statistically significant increase in critical
thinking scores in the experimental groups (d = 1.88 and d = 0.75) with minimal
changes in the control group (d = 0.23). The data obtained indicate that the analysis
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of texts with intentional errors contributes to increased cognitive activity and the
development of critical information assessment skills. The theoretical significance
lies in the development of a reproducible algorithm for generating educational
texts with intentional errors using ChatGPT. The practical significance lies in the
possibility of using the developed materials as an additional educational tool for
testing knowledge and stimulating analytical thinking in students in chemistry
lessons.

Keywords: critical thinking, artificial intelligence, ChatGPT, chemistry
education, prompt engineering
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AHHoTanmus: Makanaja XUMHSHBI OKBITY OapbIChIH/IA OKYIIbLIAPABIH CHIHU
OiiJIaybIH JJAMBITY YIIIIH )KaCaH/Ibl HHTEJUICKT HEeTi31H/IeT1 3aMaHayu 4aT-00TTap/IbIH,
aran aditkanga ChatGPT-niH nenarorvkaiblk MYMKIHIIKTEpl KapacThIPbUIAIBL.
Binim Oepyni Oencenmi nmdpiaHabIpy SKOHE aBTOMATTBI TYPJAE JKacayaThlH
aKIapar KeJIeMiHIH apTybl JKarJaiblHaa MeKTen oKylibuiapbiaaa XKI-ke3nepineH
aJIBIHATBIH JICPEKTEPJli CaHaJbl TYpIe Tayijady, MHTEPIpETAlusiay >KOHE ChIHU
TYpFbIJIaH OaFajay JaFIblIapblH KAJBIITACTHIPY KAXKETTLIIT 3¢PTTEY/IIH 63CKTUIIT1H
aliKpIHAIbl. JKYMBICTBIH MaKcaThl — XHUMHUsl Ca0aKTapbIHJA ChIHU OWJIayJIbl
nambity Kypansl perinae ChatGPT kemeriMeH jkacainFaH jKoHE KypambIHIA
ozielil >KiOepiireH IOTMKANBbIK KoHE (AaKTLNIK Kareylepi 0ap OKy MOTiHAEepiH
naiaanaHyIblH THIMAUIITIH aHBIKTay OOJIBIN TaObUIaAbI. 3EPTTEY YIIIHII TOKCAH
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0OHBI AJIMaThI KaaChIHAAFBI KAIBI OLTIM OSpeTiH MEKTENTIH 8 koHe 9-ChIHBII
okymbUIapeiHblH (N = 58) KaThICybIMEH pre-test/post-test nu3aiiHbl OOWBIHIIA
KBa3MAKCIIEPUMEHT TYpiHAE XYprizinami. DxcrnepumentTik tontapga ChatGPT
APKBUTBI JKacaJTBITI, MYFaJIiM TaparblHAH aJIbIH aja OHISITeH, 9/ICii KaTeepi oap
MOTIHJIEp JKYHeN Typae KOoJmaHpuica, OaKplaay TOOBIHIA TTPOOIIEMAaNBIK OasHIay
omici mainmanmanpuiael. OKyImIbDIApABIH ChIHM oinay neHreiti JI. JlymeHKoHBIH
MoUUKAIMIIAHFaH 9/licTeMeci OOMBIHIIIA MHTEPBEHITUSFA JCHiH KOHE OJJaH KeHiH
JMarHOCTHKAJIAHbIN, anbiHFaH nepekrep [llanupo-Yunk, CThIONEHTTIH t-TecTi,
VUIIKOKCOH oHe MaHH-YuUTHH Kputepmiiepi, conpaii-ak Cohen’s d addekr
amMachkl apKbUIBI CTATHCTUKAIIBIK OHICYICH OTTI. 3epTTEy HOTIKENepi Oakbuiay
TOOBIHIAFBI MApABIMCHI3 ©3repicTepMed (d=0,23) canpIcThIpFan/Ia, SKCIICPUMEHTTIK
TOTITap/ia CHIHU OIJIay KOPCETKIMITEPiHIH CTATUCTUKAIBIK MaHbI3/1bI ocyiH (d = 1,88
xoHe d = 0,75) xepcerTi. AJBIHFAaH MAITIMETTep 9/eii Karesnepi 6ap MoTiHAEpIi
Talnjay OKYIIbUIAPbIH TAaHBIMIBIK OCJICSHIUIrH apTThIpyFa *OHE aKIaparThl
ChIHU Oarajiay JNarIbUIapbIH JaMBITyFa bIKIAJT €TETIHIH mamenaeiui. XyMbICThIH
TeoprsuTbIK MaHBIB3ABUIBIFEI ChatGPT kemerimen karteci 6ap OKy MOTiHIAEPIH
yKacaylblH KaiTa >KaHFBIPTBUIATHIH aJTOPUTMIH d3ipieyne OoJica, MPaKTHKAIBIK
KYHIBUIBIFBI OYJI MaTepuajiapibl XUMHsS cabakTapblHIa OiTiMIlI TeKcepy MeH
TaIaMajblK OWIAy/bl BIHTAIAHBIPYABIH KOCHIMINIA KYPaJlbl PETiHJC MaijalaHy
MYMKIHITIMEH ailKbIHaJIaIbl.
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AnHoTaumusi: B crarpe paccMaTpuBarOTCAd NEAArorud€CKUue BO3MOXKXHOCTHU
COBPEMECHHBIX 4aT-00TOB HAa OCHOBE HUCKYCCTBCHHOT'O MHTCJUICKTA, B HaCTHOCTU
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ChatGPT, mns pa3BUTHS KPUTHUECKOTO MBIIUICHHUS YYallUXCsl MPH OOyYCHUH
XUMUHU. AKTyalTbHOCTh HCCJICNOBAHUS OOYCJIOBJICHA AKTHUBHOW IH(pOBU3AIMECH
00pa3oBaHUs M POCTOM O0BEMAa AaBTOMATHYECKHM T€HEPUPYEMOro KOHTEHTa,
910 TpedyeT (OPMHUPOBAHMSA Y ULIKOJbHMKOB HABBIKOB OCO3HAHHOTO AaHAJIN3a,
WHTEpIpEeTalliil W KPUTHYECKOH OICHKH HWHQOpMAlMU, MOIy4aeMol U3
HCTOYHHMKOB, OCHOBAaHHBIX Ha MCKyCCTBEHHOM MHTeIuIeKTe. Llenbto nccnenoBanus
SBISIeTCsl  omnpezeicHne A(QPEKTHBHOCTA HCIIONB30BAaHUS y4YEOHBIX TEKCTOB,
cozganHbIx ¢ nomouipio ChatGPT u cogeprkamux npegHaMepeHHbIE TOTHUECKUE U
(akTUyecKue OMMOKY, B KAUECTBE CPEICTBA Pa3BUTHSA KPUTHUECKOTO MbIILICHUS
Ha ypokax xumuu. VccnenoBanue npoBoAuiaoch B GopMe KBa3UIKCIIEPUMEHTA C
3aiiHOM pre-test/post-test B 8-Xx u 9-X xiraccax o01meo0pa3oBaTelbHOM IIKOJIBI T.
Anmarsl (N = 58) B TeueHne TpeThel yueOHOM ueTBepTh. B sKcriepuMeHTaIbHbBIX
rpyImnax CuCTeMaTH4eCKH IPUMEHSUIMCH TEKCTHI ¢ TPEeJHaMEPEHHBIMH OLIMOKaMH,
crenepupoBanubie ¢ momomsio ChatGPT u npenBapuTenbHO OTpelaKTHPOBAHHBIE
yUUTEJIeM, TOT/Ia KaK B KOHTPOJIBHOM IPYIINE MCIOIB30BAJICS METO MPOOIEMHOTO
N3JIOKEHHUA. YPOBEHb KPUTHYECKOI'O MBILIUICHUS OLEHHUBAJCS A0 U IOCIHe
MEearorHueckoro BMEIIATeNbCTBA C  HCHONB30BaHHEM MOJU(PHUIUPOBAHHON
metonuku JI. Jlynenko. Craructuyeckast 00paOoTKa JaHHBIX BKIIIOUAIa KPUTEPUI
[Manmupo—Yunka, t-tect CTblofeHTa, KPUTEPUHM YHWIKOKCOHAa M MaHHa—YHUTHH,
a taxke pacuért BenmmuuHbl dQdekra (Cohen’s d). Pesynbrarel nccrnenoBaHus
[I0KA3aJIM CTaTUCTUYECKH 3HAUUMBbII POCT IOKa3aTesiell KpUTUYECKOTO MBIIIJICHUS
B 3kcriepuMeHTal bHbIX rpynmax (d = 1,88 m d = 0,75) npu MHUHUMAaJIBHBIX
M3MEHeHUsX B KoHTponmpHOW Tpymme (d = 0,23). [lomydeHHBIE naHHBIC
CBHUJICTEIILCTBYIOT O TOM, YTO aHAJIHM3 TEKCTOB C IpeIHAMEPEHHBIMU OIMOKaMHU
CIOCOOCTBYET IMOBBIILICHUIO MO3HABATEJILHOW aKTUBHOCTH M Pa3BUTHIO HABBIKOB
KpUTHYECKOW OleHKH HH(opManuu. TeopeTHdeckas 3HAYMMOCTh COCTOHT B
pa3paboTKe BOCHPOU3BOJUMOIO ajropuTMa TI'eHEepalud YYeOHBIX TEKCTOB C
TIpeTHAMEPEHHBIMI OIMUOKaMu ¢ wucrnoib3oBanueM ChatGPT. Ilpaktudeckas
3HaYUMOCTh ONPEAEAETCS] BO3MOXXHOCTBIO HCIOJNB30BaHUS pa3pabOTaHHBIX
MaTepranoB B KayeCTBE JOMOJHHUTEIBHOIO IUAAKTHYECKOr0 MHCTPYMEHTa IS
MIPOBEPKHU 3HAHUN M CTUMYJIUPOBAHUS aHAIUTUYECKOTO MBIIUICHUS YUaIIUXCS Ha
YPOKax XHUMHH.

KiroueBble cJjI0Ba: KPUTHUYECKOE MBIIUIEHHE, WCKYCCTBEHHBIH HHTEIUIEKT,
ChatGPT, oOyueHue XUMIH, UHKEHEPUS 3alTPOCOB

Introduction. In today's world, developing critical thinking skills is a pressing
educational challenge. To realize students' potential, it's crucial to not only address
their academic knowledge but also recognize the importance of critical thinking and
other vital skills (Townley, 2018) Many higher education institutions have included
this skill in their educational objectives and introduced critical thinking courses
as optional subjects (Zahavi and Friedman, 2020; Cruz et al., 2021; Ahern et al.,
2012). Despite the enormous importance of this skill, there is still no single, precise
definition that all scholars and educators agree upon (Van Damme et al., 2023).
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A unified standard for assessing critical thinking has also not been developed,
although numerous methods and tests are used, a review of which is presented in
(Butler, 2024).

According to (Raj et al., 2022), critical thinking (CT) is the ability to think
clearly and rationally about what to do and what to believe. Another definition
focuses on the purposefulness and self-regulation of judgment, which leads to the
interpretation, analysis, and evaluation of information. CT itself refers to higher-
order thinking (Liu, Pasztor, 2022). It is generally accepted that critical thinking is
a complex psychological construct consisting of skills and dispositions (attitudes).
These two attributes of CT are interrelated; thanks to attitudes, an individual strives
for and understands the importance of a critical approach to assessing information
and solving problems. Skills, in turn, represent the direct tools for implementing
critical thinking.

Literary review. The importance of CT in education lies in its ability to actively
engage students in the learning process, foster a deep understanding of complex
topics, and develop independence in both judgment and the organization of their
own learning activities (Rivas et al., 2022). This skill enhances problem-solving and
the ability to evaluate the reliability of information, which is especially important in
a constantly changing world (Thornhill-Miller et al, 2023).

Globally, there are numerous examples of various approaches to developing
critical thinking in teaching various disciplines. For example, in (Zulyusri et al.,
2023), the authors propose problem-based learning as the primary method for
activating student learning. According to their hypothesis, this approach not only
promotes the development of problem-solving skills in everyday life but also
simultaneously improves critical information processing skills. Problem-based
learning is implemented primarily through case studies. The syntax of the project-
based learning method is able to assist students in optimizing their creative and
critical mindsets by starting learning with essential questions, working together to
plan, developing project completion schedules, timelines, and deadlines (Zulyusri
et al., 2023).

In a review article (Andreucci-Annunziata et al., 2023), the authors cite the
most common techniques aimed at developing critical thinking in higher education
institutions. These include debates, brainstorming, reflective writing, journaling,
inductive and deductive reasoning training, lecture discussions, role-playing
games, reflection methods, and peer assessment. Various brainstorming techniques
help overcome cognitive and social biases (Al-Samarraie and Hurmuzan, 2018).
Reflective writing contributes to the improvement of argumentation skills, self-
assessment, and critical thinking (Sani et al, 2018).

With the development of artificial intelligence technologies, chatbots, and other
tools based on neural networks and deep learning mechanisms, the ability to think
critically is becoming especially important. Al-generated information requires
careful and comprehensive human verification. The large-scale implementation
of neural networks is also having a significant impact on education, transforming
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both student learning processes and teaching methods. Popular chatbots such as
ChatGPT, Gemini, Claude, and others are already being actively used by school and
university students, as well as teachers in their professional activities. According
to M.K. Yelshina and co-authors (Elshina et al., 2025), Al is capable of creating
individual educational trajectories, integrating gamification elements, acting as a
virtual assistant and tutor, and providing feedback. Thus, Al tools have significant
potential for the development of self-education.

It should be emphasized that, despite the significant potential of Al as a
teaching tool, this innovative technology is associated with certain risks that can
have a negative impact on the formation and development of critical thinking. A
systematic literature review (Zhai et al., 2024) devoted to the study of the impact
of modern chatbots on students' cognitive abilities identified several key patterns.
The main and most frequently mentioned problem is that excessive reliance
on dialogue with Al can negatively impact students' analytical skills and their
ability to make decisions in difficult situations. Users begin to unquestioningly
accept recommendations generated by Al. Regular use of chatbots can lead to a
weakening of the ability to retain information. Dependence on these technologies
can contribute to plagiarism and data falsification, jeopardizing academic integrity
in both schools and universities (Kim et al., 2023). The problem of the generation
of non-existent information, which is sometimes difficult to distinguish from the
truthful, remains relevant (Hatem et al., 2023). Therefore, many leading companies
have implemented a feature in their chatbots that requires mandatory references to
sources used by neural networks.

Given the trends and risks outlined above, the development and implementation
of pedagogical approaches aimed at fostering and developing critical thinking
in students is particularly relevant. This skill is considered a key element when
working with large amounts of information, including that generated by Al
systems. In this regard, a pressing practical task is to find methods and techniques
capable of integrating Al tools into the educational process not only as a source of
information but also as a means of developing analytical skills. The purpose of this
study is to develop and use assignments, namely, educational texts created using
ChatGPT with intentional logical and substantive errors, to foster critical thinking
in schoolchildren when teaching chemistry.

Research Questions of the Study:

- What is the initial level of students’ critical thinking before the intervention?

- Does systematic work with Al-generated error-infused texts lead to significant
improvements in critical thinking skills?

- Are there differences in outcomes between students exposed to the intervention
and those taught using traditional problem-based instruction?

- What is the magnitude of the intervention’s effect on students’ critical thinking
development?

The study is based on the hypothesis that educational texts created using
ChatGPT will lead to a statistically significant increase in the level of critical
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thinking in 8th- and 9th-grade students in the experimental group compared to both
their baseline level (according to Lutsenko's method) and the control group.

Materials and Methods. The study was conducted as a quasi-experiment
during the third term of the 2024 - 2025 academic year (from January 21 to March
8) at Secondary School No. 69 in Almaty. The sample included students from three
classes: two ninth-grade classes (9B - 19 students, 9V - 15 students) and one eighth-
grade class (8B - 24 students). One ninth-grade class served as the control group,
while the other was assigned as the experimental group. The eighth-grade class was
used to examine the stability and transferability of the effect.

The research employed the following methods: analysis of scientific literature,
observation and modeling, prompt engineering techniques for efficient text
generation using ChatGPT, as well as descriptive and inferential statistical methods
for data processing.

To analyze the experimental data, the following statistical procedures were
applied: assessment of distribution normality using the Shapiro-Wilk test, Student’s
t-test for normally distributed data, Wilcoxon signed-rank test and Mann-Whitney
U test for non-normally distributed data.

To diagnose the level of critical thinking development, a modified version of
Lutsenko’s methodology (Lutsenko, 2014) was used and implemented in an online
format via the FormsAPP platform. The diagnostic assessment was administered
twice: before the introduction of the developed texts and after the completion of the
instructional cycles.

To illustrate the structure and content of the modified version of Lutsenko’s
critical-thinking test used in this study, three sample items are presented below
(table 1). In total, the second modified version of the instrument included 14
tasks. Each item was designed not to assess students’ subject-matter knowledge
in chemistry but rather their ability to evaluate statements, detect inconsistencies,
and justify conclusions. Although a chemical context was used to align the tasks
with the instructional setting of the experiment, the items did not rely on specific
chemical facts, calculations, or definitions. We deliberately attempted to construct
the questions in a way that the chemical background would not hinder students’
ability to demonstrate critical-thinking skills; however, the chemistry context
functioned only as a thematic frame rather than a content requirement.

Table 1 — Sample Items from the Modified Version of Lutsenko’s Critical-Thinking Test
Used in the Chemistry Context (questions have been translated into English, Correct answers are

highlighted in bold)
Item No. | Question Answer Options
Ql You are conducting an A) Read the theoretical information on the internet.
investigation of how different B) Repeat the experiment several times using

acids affect metals. What is the | different acids and compare the results.

most objective way to evaluate | C) Determine the acidity of the solution by tasting it.
the results obtained? D) Perform the experiment with only one acid and
record the result.
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Q2 Which of the following A) All solutions of oxygen in water are colorless;
conclusions is logically sound? | therefore, any transparent solution must necessarily
contain oxygen. B) Hydrogen is lighter than air;
therefore, any gas that is lighter than air contains
hydrogen. C) Two students used an indicator to
check the pH of a solution, and both obtained

a value of pH < 7. Consequently, the solution is
acidic. D) Magnesium reacts with hydrochloric acid
to release hydrogen; therefore, all metals react with

acids.
Q8 During a laboratory activity, A) This reaction was the most exciting one. Now I
students carried out the reaction | am sure that chemistry is the best subject.
of zinc with hydrochloric B) A gas was released during the reaction,
acid: Zn + 2HCl — ZnCl> + confirming that a chemical change occurred.
H.. Which of the statements C) The reaction of zinc with hydrochloric acid is a

below represents a judgment or | single-displacement reaction because a more active
evaluative opinion rather than a | metal reacts with the compound.

factual statement? D) The gas released during the reaction can be
identified with a burning splint - it will ignite.

Q14 What is incorrect in the following | A) There is nothing incorrect in this statement.
statement? “If a substance B) It ignores the fact that the substance may react
is insoluble in water, then it with acids or other reagents.
never participates in chemical C) It is correct because all chemical reactions occur
reactions.” in solution.

D) It is correct because if a substance does not
dissolve, it does not undergo chemical interactions.

These items reflect the overall orientation of the test: identifying logical
fallacies, evaluating statements for accuracy, distinguishing between evidence and
assumption, and formulating justified conclusions. The chemical elements in the
tasks were intended only to situate the questions within the domain of chemistry
education while preserving the central focus on critical thinking rather than
disciplinary proficiency. The remaining items from the modified version of the test
may be provided upon request. Interested readers or reviewers may contact the
authors for access to the full set of tasks for academic or research purposes.

The experimental intervention consisted of systematically using educational
texts generated by ChatGPT, which, in several places, contained intentional
contextual and logical inaccuracies. To create these types of tasks, we used the
technique of "prompt engineering," or intelligent query generation. The query
generation algorithm consisted of the following: specifying ChatGPT's role and
overall goal, and providing an example of one or more texts created by the teacher,
allowing the Al to orient itself to the required format. Next, the content itself
is provided (the topic, lesson objectives from the lesson plan, the class, and an
indication of the inclusion of both content and logical errors). The final step is to
provide the Al with feedback on the quality of the generated text and, if necessary,
make its own edits. A specific example of a structured prompt (shortened) that was
used to generate text with logical and factual errors on the topic "Phosphorus and its
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compounds": (Act as a "Task Assistant" for a high school Chemistry teacher. Your
primary goal is to generate a short, comprehensive educational text (approximately
. words) suitable for 9th-grade students on the topic of Phosphorus and its
compounds. The text must be designed as an in-class critical thinking exercise;
The text must cover concepts related to: 1. Comparison of phosphorus allotropes
(Goal 9.2.1.22). 2. Chemical properties of phosphorus (Goal 9.2.1.23). 3. Locations
of phosphorus compound deposits in Kazakhstan (Goal 9.4.2.2); The text MUST
contain ... to ... intentionally embedded errors. Include a mix of: Factual Errors:
Incorrect chemical data or concepts (e.g., incorrect properties of allotropes, wrong
chemical classification). Logical Errors: Inconsistent statements or incorrect causal
reasoning (e.g., confusing stability with reactivity, or incorrect localization) In the
first requests, it is also necessary to add a sample text, the format of which the Al
will be guided by when creating its own texts.). Thus, ChatGPT acts as an assistant
for generating chemistry-related tasks. Figure 1 illustrates the algorithm used to
generate educational chemistry texts containing intentional logical and content
errors with the help of ChatGPT. An example of such a text is shown in Figure 2.

Algorithm for Generating Error-Infused Educational
Texts Using ChatGPT to Develop Critical Thinking

i BN N O SN N o
@ 2 e
S == =
Define Al Provide Provide Al Output Finalize &
Role & Goal Teacher- Content & & Human Classroom
Created Prompt Review Implementation
* Set ChatGPT's Examples Instructions
role as “Task S = * ChatGPT = Final text used
Assistant” » ° Teacher * = Provide topic, » generates draft » as an in-class
supplies 1-2 lesson objec- with errors critical-thinkin:
* Goal: generate sample texts tives, grade task 9
educational 3 e level « Teacher
chemistry texts * Al aligns with L reviews, = Students
containing required style, * Explicit identifies identify,
intentional depth, and instruction: inaccuracies, classify, and
logical & con- format include logical adjusts justify delected
tent errors and content complexity errors
- AN J \_ewors = JlL <F J U J

Figure 1 — Algorithm for generating error-infused educational chemistry texts using ChatGPT
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Figure 2 — An example of a text on critical thinking
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The generated text (Figure 2) serves as a practical case for analysis. It contains
several types of errors of varying complexity. For example, a straightforward content
error is the misclassification of phosphorus as a metal, which is a fundamental
factual mistake contradicting its position in the periodic table. A more subtle and
instructive flaw is a logical contradiction embedded in the description of its natural
occurrence: the text states that phosphorus is found "in the form of phosphate
ores, which occur as large nuggets." This creates an internal inconsistency, as the
terms "phosphate ore" (a rock containing chemical compounds of phosphorus)
and "nugget" (a native piece of a pure element) are mutually exclusive. This type
of error requires the reader to reconcile the meanings of the terms used, moving
beyond simple fact-checking to logical analysis.

These text were given to students after covering a specific topic, either at the
end of a lesson or at the beginning of the next lesson. Students were given a set
amount of time to work with the material (depending on the length of the text).
Next, the entire class worked together to identify and classify errors. Students were
required not only to identify their errors but also to verbally justify them. This
type of work was implemented throughout almost the entire third quarter, with
minor modifications (for example, paired work instead of individual work, and
error analysis was performed by collecting and reviewing the worksheets at the end
of the lesson rather than in person). Such variations allowed the teacher to adjust
the level of scaffolding based on students’ progress and maintain the novelty of the
task format.

Results. Descriptive Statistics for Pre-test and Post-test Scores.

Before the implementation of the intervention, all students completed the
Lutsenko Critical Thinking Test in order to assess their initial level of critical-
thinking skills. Establishing the baseline was essential for evaluating the magnitude
of subsequent changes and for verifying that the experimental and control groups
did not differ significantly at the outset. The results of the baseline assessment are
presented in Table 2.

Table 2 — Results of measuring the initial level of critical thinking

i Class % 8thClass i 9thClass control group :9th Class Experimental Group :

Before introducing error-infused texts for analysis, a short introductory session
on critical thinking was conducted in the 8th and experimental 9th grades. The
session explained what critical thinking is, why it is important, and how it helps
evaluate the accuracy and reliability of information. Students were shown simple
examples of logical and factual errors in everyday contexts and were instructed on
how to identify, analyze, and justify such errors. This short introduction ensured
that all students shared a basic understanding of the skill before beginning the main
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intervention. This short training was carried out by the same teacher in all classes.
After identifying a basic level of critical thinking, the texts were used in the 8th
and experimental 9th grades for almost the entire third quarter. These texts were
used in almost every lesson (with a few exceptions due to the need for summative
assessments and other reasons). In the control 9th grade, the problem-based
presentation method was used as an alternative to traditional teaching methods.
At the end of the experimental period, the sample of students took the modified
Lutsenko test a second time.

The results of the second critical thinking assessment at the end of the experiment
are presented in Table 3.

Table 3 — Results of the second critical thinking test at the end of the experiment

Indicator 8th Class | 9th Class control group | 9th Class Experimental Group
Mean value 80.2% 63.5% 74.5%
Median 78.6% 78.6% 85.7%
Standard deviation 9.95 29.6 27.4

Normality and Intra-group Analysis.

To identify significant differences between the first test (before using the
educational texts for developing critical thinking) and the second test after the
experiment, the following algorithm was developed. First, the distribution of values
is determined (the Shapiro-Wilk test, example code at figure 3), based on which
a comparison criterion is selected (the t-test or Mann-Whitney test). The final step
is to determine the p-value. The distribution of test results before and after using
texts with logical and chemical errors is presented in Table 4. For the eighth-grade
class, the Student's t-test can be used, since the results of both tests are normally
distributed (the p-value in both cases is greater than 0.05). For the two ninth-grade
classes, the Wilcoxon test was used, since the final test data are not normally
distributed (p-value less than 0.05). This approach ensured that the statistical tests
applied to each group were consistent with the distributional properties of the data,
thereby increasing the reliability of the conclusions regarding the effectiveness of
the intervention.

Figure 3 — The Shapiro-Wilk criterion program code (Google Colab)
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Table 4— Shapiro-Wilk normality test results for student scores before and after the intervention

Class 8th Class 9th Class control | 9th Class Experimental Group
group
p value before and after | 0.5579 and 0.3045 | 0.6263 and 0.0206 0.4510 and 0.0016
the experiment

The results of statistical data processing according to the selected criteria are
presented in Table 5. The selection of criteria for identifying statistical significance
in Table 5 was determined by the normality of the distribution previously established
in Table 4.

Table 5 — Statistical significance of critical thinking score improvements before and after the
intervention (according to selected criteria)

Class 8th Class 9th Class control group 9th Class Experimental Group
p value t-test, p <0.001 Wilcoxon test 0.4374 (no Wilcoxon test 0.0080
(statistically significant statistically significant (statistically significant
difference) difference) difference)

Analysis of Effect Sizes. While statistical significance testing (p-values) indicates
whether the observed changes were likely due to chance, it does not quantify the
magnitude of the intervention's impact. To address this, we calculated Cohen’s d
(Cohen, 1988), a standardized measure of effect size, which allows for an estimation
of the practical significance of the pedagogical intervention. Cohen’s d was chosen
because it provides a unit-less measure of the difference between means expressed
in standard deviation units, facilitating comparison across different groups despite
variations in baseline scores. Results of Effect Sizes are shown in table 6.

Table 6 — Descriptive statistics and effect sizes for changes in critical thinking scores

Group N Pre-Test Post-Test Mean | Effect Size | Interpretation
Mean (SD) Mean (SD) | Diff (AM) | (Cohen’s d)
8th Experimental | 24 | 62.65 (8.66) | 80.20 (9.95) +17.55 1.88 Very Large
Effect
9th Experimental | 19 | 59.00 (9.75) | 74.50 (27.40) | +15.50 0.75 Medium-Large
Effect
9th Control 15 | 58.28 (10.54) | 63.50(29.60) | +5.22 0.23 Small Effect

Figure 4 illustrates the mean scores of the post-test across all groups. The error
bars represent one standard deviation (SD), highlighting the significant variance
in the 9th-grade results (SD = 29.6 and 27.4) compared to the more consistent
performance of the 8th-grade experimental group (SD = 9.95).
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Comparison of Post-Test Critical Thinking Scores with Standard Deviation
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Figure 4 — Mean scores of the post-test across all groups

The dynamics of critical thinking development are illustrated in Figure 5. All
groups showed an upward trend in mean scores; however, the intensity of this
growth varied significantly. Notably, while the mean scores increased, a significant
rise in standard deviation (SD) was observed during the post-test stage, particularly
in the 9th-grade groups.
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Figure 5 — Pre- and post-test mean critical thinking scores across groups (mean + SD)

Discussion. An analysis of the primary data (table 2) revealed that the overall
sample demonstrated a moderate level of critical thinking. Unfortunately, none of
the respondents achieved a high level, exceeding 85% on the percentage scale. It
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is worth highlighting that the 8th grade class outperformed both 9th grade classes
on average. During pedagogical observation during the study period, this class also
showed greater interest in the proposed tasks and participated more actively in
discussions and group work. Conveniently, both 9th grade classes demonstrated
similar results at the beginning of the study. Also, both ninth grades showed
comparable standard deviations, indicating closeness and relative uniformity of the
samples. This fact will facilitate a more objective interpretation of the impact of the
proposed technique at the final stage of the experiment.

Comparing Tables 2 and 3, we can reach the following conclusions. All classes
participating in the study improved their average scores compared to the first
measurement. The eighth grade maintained this trend, outperforming both ninth
grades in average scores. These numerical data align with the observations described
above, indicating that students in this class were more open to a relatively new type
of task. This confirms the importance of initial internal attitudes, which determine
motivation for learning and the application of CT in educational activities. The
experimental ninth grade outperformed the control class, but additional statistical
tools are required for statistical verification.

To assess changes in critical thinking test scores before and after the intervention,
it was necessary to analyze the normality of the distribution of the obtained results
(Table 4). The Shapiro-Wilk test for normality of distribution showed that the
8th-grade results both before and after the intervention corresponded to a normal
distribution (p>0.05), which allowed the use of parametric statistics (Student's t-test).
In contrast, the posttest results of both 9th-grade classes deviated significantly from
a normal distribution (p < 0.05). This indicates increased heterogeneity in student
results after the training period and required the use of nonparametric procedures
(Wilcoxon test). The use of statistical methods appropriate to the distribution is
necessary for the reliability of the results.

For the 8th and 9th experimental groups, where texts for developing critical
thinking were systematically employed as a pedagogical tool, a statistically
significant difference was observed between the initial level of critical thinking and
after the experiment (table 5). No such pattern was observed in the ninth control
grade, where the problem-based method was used (table 5). This indicates that the
implemented intervention had a measurable and positive impact on students’ ability
to detect, analyze, and logically justify inaccuracies in the provided material. Taken
together, these findings demonstrate that the deliberate integration of Al-generated
texts containing logical and content errors is more effective in stimulating the
developmentofanalytical and evaluative reasoning skills than traditional explanatory
instruction. The statistically confirmed improvement in both experimental groups
supports the hypothesis that targeted interaction with educational texts fosters
deeper cognitive engagement and promotes active information processing, which
increased the level of critical thinking on average. This pattern also highlights the
importance of direct student involvement in error identification and justification -

203 () O &




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 2.2026

an element absent in the control condition - indicating that the interactive nature
of the intervention may be a key factor in its effectiveness. During the pedagogical
observation, it was also discovered that in the experimental groups, as the texts with
errors were introduced during full-class discussions, students began to evaluate
each other more attentively. Students were also more engaged when conflicting
opinions arose regarding the classification of errors as logical or purely chemical.
This is consistent with (Andreucci-Annunziata et al., 2023), who indicated that
discussions and peer evaluation develop critical thinking.

The Mann-Whitney test was used to compare the final results of the 9th control
and experimental classes. Notably, there was no statistically significant difference
between the two classes (p = 0.3852). This is partly due to the relative similarity
of their results, possible design flaws, and other factors (such as guessing).
Despite this, given that both classes in which the aforementioned technique was
implemented were able to improve their scores on Lutsenko's critical thinking
assessment method, the results of the experiment do not fully contradict with our
study's hypothesis. It is important to note that this study does not aim to directly
compare the absolute critical thinking scores between 8th and 9th-grade students
due to inherent age-related cognitive differences and variations in the chemistry
curriculum.

As shown in Table 6, the effect sizes reveal distinct patterns across the groups.
8th Grade experimental group: the intervention yielded a very large effect (d =
1.88). An effect size of this magnitude indicates a drastic shift in the distribution
of scores, suggesting that the "error analysis" method was highly effective for this
age group. The students improved by nearly two full standard deviations. 9th Grade
Experimental Group demonstrated a medium-to-large effect (d = 0.75). Although
the raw mean score increased substantially (+15.5%), the effect size was slightly
attenuated by the larger standard deviation in the post-test results. Nevertheless, this
result confirms a robust positive impact of the intervention. In contrast, the control
group showed a negligible-to-small effect (¢ = 0.23). This small value suggests that
standard instruction alone resulted in minimal growth in critical thinking skills over
the same period. Figure 4 provides a visual comparison of the post-test mean scores
across all groups. The experimental classes demonstrate higher average outcomes
than the control group, which supports the statistical results.

Particular attention should be paid to the marked increase in the standard
deviation among 9th-grade students during the post-test (rising from 9.75 to 27.40
in the experimental group). The visualization in Figure 5 clearly illustrates the
«stretching» of the score distribution, indicating a pronounced polarization of
outcomes. While a subset of students achieved scores significantly higher than
their baseline, others demonstrated a decline, falling below their initial assessment
levels. Two primary hypotheses can be proposed to explain this variance. The first
is pedagogical: as observed during the intervention, 8th-grade students maintained
consistently high levels of engagement, resulting in a stable standard deviation. In
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contrast, the 9th-grade cohorts exhibited fluctuating levels of interest in the new
assignments. This suggests that the intervention's success may be highly dependent
on individual intrinsic motivation; highly motivated students were more active and
attentive in searching for errors in texts, whereas those with lower engagement
may have experienced cognitive overload or a loss of interest. Although various
discussion formats (frontal and individual) were implemented to mitigate this, the
variance persisted. The second hypothesis is statistical. Given the relatively small
sample size in the 9th-grade classes, the results are susceptible to the influence of
outliers. In the experimental group, the presence of both maximum (100%) and
minimum (21.4%) scores significantly inflated the variance. While this statistical
sensitivity is a factor, it underscores the necessity for qualitative inquiry in future
studies to explore the underlying causes of such divergent student activity and to
refine Al-assisted methodologies for heterogeneous classrooms.

Thus, the results of the experiments implementing educational texts partially
support the hypothesis put forward at the beginning of the study. The experimental
groups statistically significantly improved their scores on the critical thinking
test compared to the initial level. However, the control and experimental 9th-
grade students did not show statistically significant differences at the end of the
experiment. However, it is worth noting that this study demonstrates the potential
of using ChatGPT (and similar chatbots) as a support tool for chemistry teachers.
Such Al-powered tools will be most useful when teachers use intelligent queries
and prompt engineering. In this case, educational texts will be of the highest quality
and will require fewer revisions.

The obtained findings provide answers to the research questions formulated at
the beginning of the study. First, the pre-test results confirmed a moderate baseline
level of critical thinking. Second, systematic exposure to Al-generated error-infused
texts resulted in statistically significant improvements in both experimental groups.
Third, the control group showed only minimal progress, indicating that traditional
instruction alone was less effective. Finally, the calculated effect sizes demonstrated
that the magnitude of the intervention ranged from medium to very large.

While the effect sizes demonstrate the efficacy of the intervention, several
limitations of the current study necessitate a cautious interpretation and suggest
specific avenues for future inquiry. First, the relatively small sample size and the
restriction to specific grade levels limit the generalizability of the findings to broader
educational contexts. Second, the notable increase in standard deviation within the
9th-grade experimental group indicates heterogeneity in student responses; while
the average performance improved, individual trajectories varied significantly. This
suggests that the "error analysis" strategy may impact learners differently depending
on their initial cognitive styles or motivation levels.

To address these complexities, we strongly recommend that future research
employ mixed-methods designs. While quantitative data confirms that the
intervention works, qualitative approaches - such as semi-structured interviews,
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classroom observations, and "think-aloud" protocols - are essential to understand
how it works. Such methods would allow researchers to reconstruct the students'
reasoning strategies and identify the specific cognitive mechanisms triggered
by Al-generated texts with various types of errors. Specifically, it is crucial to
investigate how students detect logical inconsistencies versus factual errors and
how they navigate the "cognitive conflict”" created by authoritative texts containing
deliberate mistakes.

Furthermore, the scope of this pedagogical strategy should be expanded. Future
studies should test the scalability of this approach in higher education settings
(university level) to determine if error-correction tasks remain effective for learners
with more advanced baseline critical thinking skills. Finally, longitudinal studies
are needed to assess whether the gains in critical thinking are sustained over time
and whether the skills developed through this specific intervention transfer to other
academic disciplines.

Conclusion. The study demonstrated that the use of educational texts
containing intentional logical and content errors, generated with the support of
ChatGPT, constitutes an effective pedagogical technique for fostering students’
critical thinking in the context of chemistry education. The quasi-experimental
results showed statistically significant improvements in the 8th and 9th grade
experimental groups compared to baseline measurements, indicating that the
task format encouraged students to evaluate information more critically, identify
inconsistencies, and substantiate their judgments.

The findings highlight the potential of integrating Al-based tools into the
educational process not merely as sources of content, but as instruments for
designing cognitively demanding tasks. Such an approach can enhance learners’
analytical engagement and stimulate higher-order thinking skills, provided that
Al-generated materials are used intentionally and with methodological control.
At the same time, the study underscores the importance of further investigation
into the pedagogical boundaries and risks associated with Al integration. Future
research should examine the applicability of this technique across different age
groups, subjects, and educational levels, explore its long-term impact on learners’
cognitive development, and address potential issues related to accuracy, teacher
preparedness, and responsible use of Al-generated content in the classroom.
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