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Abstract. The relevance of this study lies in the growing demand for developing
students’ functional literacy as a key educational outcome in secondary chemistry
education. Functional literacy is understood as students’ ability to apply chemical
knowledge to real-life contexts, while artificial intelligence and digital tools are
considered supportive instructional means rather than independent educational goals.
The purpose of this research is to investigate the effectiveness of artificial intelligence—
based digital tools in supporting the development of functional literacy during the
study of electrolytic dissociation in secondary school chemistry. The study employed
a quasi-experimental design and was conducted in a comprehensive secondary school.
Two groups participated: an experimental group taught using artificial intelligence—
supported digital tools and a control group instructed through traditional teaching
methods. Student learning outcomes were assessed over a three-month period
using diagnostic and formative assessment tools. The results demonstrate that the
experimental group showed a greater improvement in performance, increasing from
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16.5 to 22.4 points, compared to the control group, which improved from 14.2 to
17.8 points. The findings indicate that adaptive feedback, visual representations, and
individualized learning pathways facilitated deeper conceptual understanding and
more meaningful learning experiences. Despite the limited duration and sample size,
which classify the study as a pilot investigation, the results highlight the potential of
artificial intelligence and digital tools to support functional literacy development in
chemistry education. The practical significance of the study lies in its implications
for instructional design, curriculum planning, and future large-scale research on the
integration of artificial intelligence in school science education.

Keywords: Artificial Intelligence, chemistry education, functional literacy,
digital learning, secondary education
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AHHOTauus1. byj 3epTTeyain 03eKTUIIr Kaumsl opTa 0i71iM OepeTiH MeKTenTepae
XUMHSIHBI OKBITY OapbIChIHIA OKYIIbLIAPABIH (YHKIIMOHAIIBIK CayaTThUIBIFBIH
HEri3ri Oi1iM Oepy HOTHIKEC] PETIHIC KATBINTACTHIPY KAXKETTUIINIMEH alKbIHaIa bl
OYHKIUOHANIBIK ~CAayaTTBUIBIK OKYIIBUIAPABIH ~XUMUSUIBIK  OUTIMJII  ©MipIlik
KaFJasTTapAa KojijaHa ainy KaOuieTiH Ourmipeni, an jKacaHIlbl MHTEJUIEKT TEH
UUQPIIBIK Kypanaap OChl HOTHXKETe KOJ JKETKI3y[l KaMTamachl3 €TeTiH KOMEKIIi
MeIaroTUKAIBIK, Kypalaap peTiHae KapacThIpbUIaAbl. 3epTTeyliH MakKcaTbl — OpTa
MEKTeNnTe «IJNEKTPOTUTTIK JUCCOLMAINS» TAKBIPBIOBIH OKBITY KEe3iHAE >KacaHIIbl
WHTEJUIEKTKE HET13/1eNTeH UMPIbIK KypaiaapablH GYHKIHOHAIIBIK CayaTThUTBIKThI
JaMBITyIaFbl THIMAUIITIH ~aHBIKTay. 3epTTey KBa3U-OKCIEPUMEHTTIK U3aiiH
HETi31HAe KYpri3ingi *oHe aumbl OiumiM OepeTiH MeKTen XaraalblHAa Ky3ere
achIpbUIABI. 3epTTeyre €Ki TONm KAaTBICTBI: >KacaHIbl HMHTEJJICKTKE HEeTi3/eireH
UUQPIBIK Kypangap KOJIAHBUIFaH SKCIEPUMEHTTIK TOI JKOHE JASCTYDPIl OKBITY
omictepiMeHn OiniM anfaH Oakpiiay TOObL. OKYIIBIAPABIH OKY JKETICTIKTEpi YII
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ail OOMBI TMArHOCTUKAJIBIK JKOHE KaJbIITACTHIPYIIEI Oarayiay Kypaljgapbl apKbUIbI
OaranmaHzpl. 3epTTey HOTHIKENEepi SKCIEPHUMEHTTIK TONTHIH KepcerkimrTepi 16,5-
TeH 22,4 Oayurra NediH apTKaHBIH, ajl OakbUiay TOOBIHBIH HOTHXenepi 14,2-meH
17,8 Gamnra nmeiiiH FaHa ©CKEHIH KOPCETTi. AJIBIHFAH JEpeKTep OeHiMmenreH kepi
OaifmaHpIC, KOPHEKI aKmapar J>oHE KEKEJICHTIPUITeH OKBITY TPaeKTOPHsIIaphl
OKYIIBIIAPABIH YFBIMIIBIK TYCIHYIH TEpEHETIIl, MaFbIHAIIBI OUTIM KallbINITACTBIPYFa
BIKIIaJl €TETIHIH [onenfeii. 3epTreyniH Mep3iMi MeH ipiKTeMecCiHiH IIeKTeyd
OoirybIHa OaMJIaHBICTHI OJ1 MWJIOTTHIK 3€PTTEY PETiHJE KapacThIpbuIaabl. JlereHMen
QJIBIHFaH HOTHXKENEP XMMUSHBI OKBITY/Ia (DYHKIIMOHAJJIBIK, CayaTThUIBIKTHI JAMBITY
YIIH »acaHJbl WHTEIUIEKT TMeH NHU(PIBIK Kypanmapasl KOJIJaHYIBIH oJeyeTiH
KepceTedi. 3epTTeyliH MPaKTHKAIBIK MaHBI3Bl OKBITY YIEpiciH jxobanay, OKy
OaFapiiaMaapbiH JKETULIIPY KOHE OoamakTa KeH ayKbIM/IbI 3€PTTEYIIEp XKYPrizy
MYMKIHIIKTepiMEeH OalIaHbICTHI.

Tyiiin ce3mep: »acaHabl WHTEIUICKT, XUMHUSHBI OKBITY, (DYHKIIMOHAJJIBIK
CayaTTBUIBIK, IU(PIBIK OKBITY, OpTa O1TiM
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AHHOTauusl.  AKTyaJbHOCTb  JAHHOTO  MCCIEAOBaHMSA  OOyCJIOBJIEHA
HEOOXOOUMOCTBIO (OPMUPOBAaHUS (DYHKLIHMOHAIBHONW IPAMOTHOCTH YYaIHMXCSl Kak
KJIIOUEBOTO 00pa30BaTeIbHOTO pe3ysbTaTa Ipyu 00y4eHHH XUMHUH B CPEIHEH LIKOIe.
DyHKIMOHATBHAS TPAMOTHOCTD PACCMATPUBACTCS KaK CIIOCOOHOCTH 00YJaroOLIXCs
MIPUMEHITh XUMHUYECKHE 3HAHUS B PEAJbHBIX JKU3HEHHBIX CUTyalUUsX, TOIJa
KaK HCKYCCTBEHHBIH MHTEIJIEKT U LU(POBbIE MHCTPYMEHTHI BBICTYNAIOT B POJIH
BCIOMOT'aTENIbHBIX IEJarorMyecKuX CpelCTB, CIIOCOOCTBYIOUIMX JIOCTH)KEHHIO
JaHHOTO pe3ynbTara. Llenb nccnenoBanus 3aKit04aeTcs B n3y4eHnu 3 (HeKTHBHOCTH
LU(POBBIX HHCTPYMEHTOB, OCHOBAaHHBIX Ha HCKYCCTBEHHOM HHTEJUICKTE, B PA3BUTHH
(YHKIMOHAJIBHOW TI'PaMOTHOCTH HPU H3YYCHHH TEMbl «JIEKTPOIUTHYECKAs
JHcCOLUAalMs» B IIKOJIBHOM Kypce XuMui. VccnenoBanue mpoBOAUIOCH HA OCHOBE
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KBa3U-IKCIIEPUMEHTAIBHOTO JIM3aliHa B YCJIIOBUSX 00Ie00pa30BaTeIbHOM MIKOJIBI.
B HeM nmpuHsUM yyacTHe JIBE TPYIIbI O0YYarOIIUXCs: SKCIICPUMEHTANIbHAS TPYIIIIA,
B KOTOPOH NMPUMEHSUTHCH [IU(DPOBBIE MHCTPYMEHTHI C AJIEMEHTAMH UCKYCCTBEHHOTO
VWHTEIJICKTa, ¥ KOHTPOJIbHAs TIpyImma, oOydyaBIiascs C HCIOJBb30BaHUEM
TPAIUIUOHHBIX TEJArOTHYecKuX MeTonoB. OIlleHKa Y4YeOHBIX JIOCTHXKEHUI
MPOBOAMIACH B TEUEHUE TPEX MECALECB C MPUMEHEHHUEM TUATrHOCTUYECKUX U
(hopMUPYIOIIUX OICHOYHBIX MHCTPYMEHTOB. Pe3ylbTarhl UCCie0BaHus MTOKA3aly,
YTO B 9KCIIEPUMEHTAJIBLHOU TPyTIe CPeIHUN TOKA3aTeNb YCIIEBAEMOCTH YBEITUUHIICS
¢ 16,5 no 22,4 Ganna, Torna KaKk B KOHTPOJILHOW TPYIIE POCT COCTABUI JHIIb OT
14,2 no 17,8 6amna. [lomyueHHbIE TaHHBIE CBUACTEILCTBYIOT O TOM, UTO a/IallTUBHAS
oOparHasi CBsi3b, BU3yanu3alus y4eOHOro Marepualia U WHIUBUIYaTH3UPOBAHHEIC
o0pa3oBaTellbHbIC TPACKTOPHH CIOCOOCTBYIOT Oojice TIIyOOKOMY TOHUMAHHIO
XUMHUYECKHUX TMOHITHNA ¥ (DOPMUPOBAHUIO OCMBICICHHBIX 3HaHWH. Hecmorps Ha
OTPaHUYCHHYIO TPOJODKUTEIBHOCTh U BBIOOPKY HCCIICAOBAHUS, YTO IO3BOJISET
OTHECTH €r0 K MUJIOTHBIM, PE3YAbTAThI MOATBEPKAAIOT MOTCHIINA UCIIOIb30BaAHUS
HCKYCCTBEHHOTO HWHTEIUICKTAa ¥ [HU(POBBIX HHCTPYMEHTOB IS Pa3BUTHS
(D)YHKIIMOHAJIBHOM TPaMOTHOCTH B XHUMHYECKOM oOpa3oBaHuu. [lpakruueckas
3HAYUMOCTh HMCCJICIOBAHMS 3aKII0YAeTCSI B BO3MOXKHOCTSIX €r0 MPUMEHEHUS MIpU
MIPOCKTUPOBAHUM yYEOHOrO Ipolecca, pa3padoTke 00pa3oBaTeIbHBIX MPOrPaMM
Y IUIAaHUPOBAHUU JTATbHEUITNX MACIITaOHBIX UCCIICOBAHUIN B OOJIACTH BHEAPCHUS
HCKYCCTBEHHOTO MHTEJUICKTA B IIIKOJILHOE O0yUCHUE.

KuaroueBbie €j10Ba: MCKYCCTBEHHBIM WHTEIUICKT, 00yYeHHE XUMHH, (DYHKIIHO-
HaJbHAs IPaMOTHOCTb, IU(POBOE 00yUEHUE, CpeiHee 00pa30BaHUE

Introduction. Obtaining scientific knowledge, learning to think like a scientist
and knowing more about physical reality depend on chemistry education. Secondary
students can benefit from chemical teaching as a key subject that provides them
with principal scientific knowledge important for future technology. Educational
programs in chemistry teach students useful concepts while enabling them to use
their obtained knowledge to address actual problems by creating functional literacy
capabilities (Popenici & Kerr, 2017). The functional application of chemical
knowledge extends past rote memorization because it focuses on using chemical
information to address real-life situations that include environmental awareness and
technological advancements, and health-related concerns (Makinde & Oyeniyi, 2024).
Artificial intelligence (Al) and digital technologies combined with education now
transform STEM teaching along with classroom learning techniques throughout the
modern educational period. Artificial intelligence development provides exceptional
possibilities to improve educational processes while creating responsive teaching
methods and individualized instruction, and resourceful educational systems. Virtual
laboratories, along with chatbots and platform generators developed by Al, have
shown themselves capable of changing how students learn chemistry. Students can
perform experiments through virtual laboratories, which create simulated controlled
conditions to let them gain practical exposure without dealing with the limitations of

() O & 20




ISSN 1991-3494 6. 2025

physical laboratories. The combination of chatbots with modeling platforms brings
real-time problem-solving and target concept explanation during student interaction
(Chiu, 2021; Ali, Talib & Jamal, 2023).

Recent growing interest in artificial intelligence applications for education has
revealed an experimental deficit concerning its impact on chemistry learning at the
secondary school level. An academic deficiency exists regarding Al-based tools'
support for chemistry functional literacy; therefore, more research must investigate
their benefits towards improved student knowledge acquisition and concept
implementation. The inclusion of Al technology in chemistry education serves two
vital functional purposes: it provides students with captivating education experiences
and develops their proficiency for the digital future in which Al will dominate
(Chassignol et al., 2018). This research holds importance because it investigates
how AI and digital technologies can boost secondary school chemistry education
for students. The study investigates Al-powered educational platforms to generate
findings that expand the current scholarly knowledge about Al implementations
in STEM education. Using Al tools within chemistry teaching produces numerous
positive effects that result in customized education and elevated student involvement,
and enhanced results in exams. The study maintains high relevance for Kazakhstan’s
educational system because it aligns with the growing national initiative to integrate
digital technologies into classrooms for modern teaching practices and student
readiness in an evolving world (Senbekov et al., 2020; Floreano et al., 2008; Kornyo,
2021). The research results from this study present potential global significance for
educational systems that are starting to implement Al in their classrooms.

Multiple research studies during recent years have investigated how Al
technology supports educational development, specifically for STEM subjects. Al-
based technological tools enhance student educational success rates while promoting
active involvement and delivering feedback, which helps students maintain their
academic position according to Park et al. (2023) and Garcia Ramos et al. (2024), and
Wabhjusaputri et al. (2024). Students benefit from Al-powered virtual laboratories,
which eliminate physical equipment boundaries to provide secure laboratories that
anybody can access to conduct chemical experiments. The delivery of on-demand
tutoring through chatbots enables students to ask questions with real-time responses,
which boosts their capability to learn by themselves and fortifies main concepts
(Clark, 2023; Bahroun et al., 2023). Al-driven modeling software gives students the
power to model chemical reactions as well as simulate chemical processes, which
enhances abstract concept comprehension and develops problem-solving abilities
(Chiu, 2021; Fakhar et al., 2024).

Although the educational benefits of artificial intelligence are well documented,
existing research has predominantly focused on higher education and technology-
oriented disciplines, leaving secondary school chemistry education relatively
underexplored. In particular, there is a lack of empirical studies examining how Al-
supported instructional tools influence students’ understanding of abstract chemical
concepts at the secondary level. This gap is especially significant in topics such as
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electrolytic dissociation, where students often experience conceptual difficulties due
to the microscopic and theoretical nature of the content.

Addressing this gap, the present study investigates the use of Al-supported learning
tools in secondary school chemistry to better understand how such technologies can
support students’ conceptual learning and contribute to the development of functional
literacy. By focusing on a school-based instructional context, the study provides
empirical evidence that extends current discussions on Al integration beyond higher
education and offers insights relevant to curriculum design and classroom practice in
secondary chemistry education.

Research Objectives. The primary objective of this study is to examine the
effectiveness of Al-supported learning in secondary chemistry education, with
particular attention to the development of students’ functional literacy as an
educational outcome.

Specifically, the study aims to:

Investigate the extent to which Al-supported instructional approaches contribute
to the development of functional literacy among ninth-grade chemistry students.

Assess students’ retention of knowledge and academic performance in the topic
of electrolytic dissociation when Al-supported learning environments are used.

Compare learning outcomes between students taught using Al-supported
approaches and those receiving traditional teacher-centered instruction.

Examine students’ ability to read, interpret, and apply scientific information in
chemistry as an indicator of functional literacy development.

Evaluate the feasibility of integrating Al-supported instructional tools into
secondary chemistry classrooms while maintaining the central pedagogical role of
the teacher.

Materials and methods.

1. Research Design

The study team used a comparative design to investigate how Al and digital
technology affected the education of chemistry and 9th-grade students’ functional
literacy. The research included two distinct groups: students who used Al tools
and students who received instruction from their instructors. The research design
enabled direct outcome assessment, which measured Al effects on chemical
education results between test groups. A pretest assessment was used to evaluate the
effects of the intervention because both experimental and control groups received the
same assessment before starting their programs. The design investigated whether Al
platforms proved superior to traditional educational methods in creating immersive
learning spaces.

2. Participants

The research included 42 9th-grade students from a secondary school in
Kazakhstan who were divided into two groups of 21 students each. The researchers
selected participants randomly from one academic year to guarantee equivalent
groups. Students in the experimental group learned with Al-assisted platforms, while
the control group received instruction from their teachers. The study measured both
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groups through pretests and interim assessments, and posttests that took place at
the end of the 3rd quarter. The research included 42 students to create equal groups,
which allowed for statistical analysis that could be applied to comparable educational
environments.

3. Intervention

Experimental Group: The experimental group learned electrical dissociation
through Al-driven platforms that integrated into their educational process. The
experimental group utilized these particular Al tools:

Virtual Laboratories: Through the virtual platforms, students performed real-
world experimental activities in a digital simulation system. Students gained access
to virtual labs that let them study dangerous or difficult chemical interactions, which
are unsafe to carry out traditionally.

Chatbots: Al-powered chatbots operated as real-time agents for personal
assistance to students at their disposal. The designed chatbots provided students with
question answering capabilities and doubt clarification, and progress feedback to
support self-directed learning.

Platform Generators for Modeling: Through modeling platforms, students gained
visual representations of chemical processes as well as reactions through simulated
environments. Students used the modeling platforms to manipulate variables while
observing their effects and developed a better comprehension of the studied concepts.

Control Group: The control group underwent standard instructor-led chemistry
classes about electrical dissociation without implementing Al technology. Traditional
tools, including lectures together with textbooks and physical laboratory experiments,
were used as teaching methods to deliver the curriculum. The experimental group
followed the identical curriculum as the control group, yet lacked the digital
enhancements that Al-driven platforms would have offered. Figure 1 demonstrates
the Al tools adopted by the experimental group, opposite to the traditional teaching
approaches followed by the control group.

Instructor-led Labs Virtual Chatbots

Instruptor—\ed Labs Virtual Chatbots enhance
provide handsfon learning in the
experience in the experimental group.

experimental group.

Textbooks/Lectures are
standard resources for
the control group.

S S S S S S NS S S

Al Modeling Tools
Al Modeling Tools offer
advanced learning in the

control group.

Figure 1- Comparison of Al Tools and Traditional Teaching
Methods in the Experimental and Control Groups.
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4. Pretest and Posttest

The experimental and control groups completed baseline assessment tests
about electrical dissociation through multiple-choice and short-answer questions
to ensure equal starting points. The testing procedure at the beginning and end of
the study allowed researchers to identify changes that resulted from instructional
approaches. The same structure and content-based posttest followed the intervention
period to measure knowledge persistence, along with conceptual understanding and
application among students. Students had to handle real-world problems alongside
conceptual explanations in the posttest, which allowed for both functional ability
and academic achievement assessment. This investigative plan allowed researchers
to track Al learning outcomes by comparing them against conventional education
techniques in a valid manner.

5. Assessment and Data Collection

The experimental and control groups received assessment sessions during the
4-month study duration to evaluate improvements while detecting absent concepts.
The evaluations consisted of quizzes and short-answer questions, and practical
assessments to check students' understanding of the taught material (Table 1). These
tests occurred at scheduled intervals. The research data collection relied on pretest and
posttest scores and interim assessment outcomes. Students received scores between
1 and 30 points, and students who scored 19 points or higher achieved the desired
learning outcome. The assessment data was structured into groups and assessment
times to enable thorough analysis of experimental group and control group progress.

Table 1. Schedule and Structure of Chemistry Assessments Conducted During the Study

Assessment Type Date of Assessment Topics Covered Duration
Pretest Start of study Electrical dissociation 1 hour
Interim Assessment 1 Month 1 Electrical dissociation 30 minutes
Interim Assessment 2 Month 2 Electrical dissociation 30 minutes
Interim Assessment 3 Month 3 Electrical dissociation 30 minutes
Posttest End of 3rd Quarter Electrical dissociation 1 hour

6. Statistical Analysis

The researchers conducted t-tests for independent samples to analyze pretest and
posttest scores between experimental and control group mean scores. A statistical
test known as ANOVA demonstrated any variations that occurred in learning results
throughout different periods. The research used a p < 0.05 significance level to
establish statistical significance, which meant any score differences with p-values
under 0.05 were considered significant. The evaluation determined if Al technology
within the experimental section increased learning performance to a measurable
extent than the conventional instructional method in the control division.

Results.

Pretest and Posttest Scores Comparison

The research compares test results from the experimental group, which used Al
tools, against the results from the control group, which used traditional teaching
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methods. The research evaluates how Al tools affect student comprehension of

chemistry concepts, with a focus on electrical dissociation through Table 2.

Table 2. Pretest and Posttest Scores Comparison

Group Pretest Mean Score Posttest Mean Score | Improvement | Improvement (%)
(out of 30) (out of 30) (Points)

Experimental |14.2 24.1 +9.9 69.6%

Control 14.4 18.3 +3.9 27.08%

Table 2 displays the mean score data from pretests and posttests for both
experimental and control groups. The experimental participants who used Al-
learning tools achieved a substantial score elevation of 9.9 points (69.6%) in their
posttest results after starting at 14.2 pretest points and reaching 24.1 points. The
control group students who received traditional instruction methods showed less
substantial improvement in their scores from 14.4 to 18.3 points (27.08%) compared
to the experimental group. The substantial difference in learning success indicates
that Al tools bring positive transformations to student academic achievement.

30 80,00%

25 70,00%

60,00%

20 50,00%

15 40,00%

10 30,00%

20,00%

° 10,00%
0 0,00%

Control

Experimental

I Pretest Mean Score (out of 30) W Posttest Mean Score (out of 30)

| mprovement (Points) | T\provement (%)

Figure 2- Bar Chart of Pretest and Posttest Scores Comparison

The experimental and control group posttest score differences appear in Figure
2. The experimental group achieved a substantial boost in posttest scores thus
strengthening the evidence of Al tools' positive influence on educational results.

Analysis of Statistical Significance and Effect Size

A statistical evaluation determined whether the experimental and control group
posttest score differences reached a significant level. The observed differences
received statistical validation through independent samples t-tests.

25

XISl



SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS

Table 3. Statistical Analysis of Pretest and Posttest Scores

Group Comparison t-value p-value Effect Size (Cohen's d) Significance
Experimental vs. Control 3.92 0.001 1.15 Significant

Table 3 shows the statistical results that compare the experimental group and
control group scores from pretest to posttest. The experimental results show statistical
significance because the t-value reaches 3.92 and the p-value stands at 0.001. The
experimental group experienced a substantial impact on student learning outcomes
based on the large effect size of 1.15. The statistical results validate the effectiveness
of Al-driven intervention, as it improved student performance.

M Pretest Score (out of 30) M Posttest Score (out of 30)

Figure 3- Statistical Significance of Pretest and Posttest Scores

Figure 3 visually represents the statistical analysis of the pretest and posttest
scores, showing the significant difference between the experimental and control
groups. This figure highlights the large effect of Al tools on improving student
learning outcomes.

Interim Assessments and Continuous Progress

The assessments throughout the 4-month study served to track student progress
continuously. The assessments revealed important information about students'
electrical dissociation understanding development throughout the study period thus
enabling continuous learning assessment.

Table 4. Interim Assessments and Performance Trends

Assessment Type Date of Topics Covered Experimental | Control Group
Assessment Group Mean | Mean

Interim Assessment 1 | Month 1 Electrical dissociation |16.5 14.2

Interim Assessment 2 | Month 2 Electrical dissociation |19.3 16.1

Interim Assessment 3 | Month 3 Electrical dissociation |22.4 17.8
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The data in Table 4 shows the results of three-monthly interim assessments, which
focused on electrical dissociation topics. Both groups maintained a regular pattern of
improved results during the assessment period. The mean scores of students under
Al-supported instruction rose consistently from 16.5 at Month 1 to 22.4 by Month 3.
The control group, which received traditional teaching methods, demonstrated lower
improvement rates from 14.2 to 17.8, while the experimental group showed better
results. The research data indicates that artificial intelligence crossover with digital
technologies enhanced student achievements within the experimental student cohort
across periods.

Discussion. The findings of this quasi-experimental study indicate that the
integration of artificial intelligence—based digital tools into secondary chemistry
education can positively influence both academic achievement and the development
of functional literacy. Over the three-month intervention period, students in the
experimental group demonstrated a more pronounced improvement in learning
outcomes compared to those receiving traditional instruction. The observed increase
in mean scores from 16.5 to 22.4 suggests that Al-supported learning environments
may enhance students’ understanding of abstract chemical concepts.

The topic of electrolytic dissociation, which is traditionally challenging due to its
abstract nature, became more accessible through the use of visual representations,
adaptive feedback, and individualized learning pathways. These features supported
students’ conceptual comprehension and encouraged active engagement with the
learning material. In contrast, the control group showed more gradual progress,
indicating that conventional teaching methods may offer fewer opportunities for
personalized learning and immediate feedback.

The results further highlight the importance of instructional flexibility in
classrooms characterized by diverse learning needs and prior knowledge levels.
Artificial intelligence—supported tools allowed for differentiated instruction without
altering curricular objectives, thereby supporting students at varying levels of
preparedness. However, it is important to emphasize that artificial intelligence
functioned as a supportive instructional tool rather than a substitute for the teacher,
whose role remained central in guiding learning and interpreting instructional
outcomes.

Despite the positive findings, this study has several limitations. The research was
conducted in a single secondary school in Kazakhstan with two ninth-grade classes
over a relatively short period. Consequently, the results should be interpreted with
caution and cannot be generalized without further investigation. Additional factors,
including students’ digital competencies, teachers’ experience with Al-based tools,
and institutional technological readiness, may have influenced the outcomes.

Conclusion. This study provides empirical evidence that the use of artificial
intelligence—based digital tools in secondary chemistry education can positively
influence both students’ academic achievement and the development of functional
literacy. Students exposed to Al-supported instruction demonstrated higher learning
gains in the study of electrolytic dissociation compared to those taught using
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traditional instructional methods. The findings suggest that adaptive feedback, visual
representations, and individualized learning trajectories supported by Al contribute
to deeper conceptual understanding, meaningful learning, and increased student
motivation.

Importantly, the results confirm that artificial intelligence should be regarded as
a pedagogical support mechanism rather than an independent instructional solution.
The effectiveness of Al-enhanced learning environments depends on their thoughtful
integration into classroom practice and on the active, guiding role of the teacher in
instructional planning and implementation.

Given the pilot nature of the study, the findings should be interpreted with caution.
Future research should involve longer intervention periods, larger and more diverse
student samples, and applications across different chemistry topics and subject
areas. Further investigations may also focus on teachers’ pedagogical strategies in
Al-supported classrooms, students’ metacognitive development, and the institutional
feasibility of scaling Al-based technologies in school education. Overall, this study
establishes a cautious yet promising foundation for the informed and pedagogically
grounded use of artificial intelligence in secondary chemistry education.
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