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ABSTRACT

This study examines the effect of an artificial intelligence-based intelligent
tutoring system (MATHQOS Al) on academic achievement in fractions and self-
regulated learning among Grade 5 secondary school students. The research
design includes an achievement test and a questionnaire measuring self-regulated
learning (MSLQ). The study involved two groups: the control group received
traditional instruction, while the experimental group was taught using the
MATHOS Al platform. The study aimed to analyze the differences between the
experimental and control groups in understanding fractions and developing self-
regulated learning. The primary focus of the research was to measure students'
academic achievement and the development of their metacognitive skills.

The results of the study demonstrate that instruction based on MATHOS
Al has a positive effect on both academic achievement in fractions and the
development of self-regulated learning among students. These findings confirm
the importance of implementing intelligent tutoring systems, such as MATHOS
Al, in mathematics education programs in Kazakhstani schools.

Keywords: MATHOS Al, fractions, secondary school students, self-

regulated learning, academic achievement, intelligent tutoring systems



AHJATIIA

byn 3epTTey JKacaHAbl HMHTEIUICKTKE HETI3ACITEH WHTEUICKTYaJIIbl OKBITY
xyheciniy (MATHOS Al) OGemmektep TakbIpblObl OOWBIHIIA —aKaJAEMMSIIBIK
KETICTIKKE >KOHE S5-ChIHBIN OKYUIBUIAPBIHBIH ©31H-631 PETTENIETIH OKYBbIH JaMbITyFa
ocepiH KapacThIpaibl. 3epTTey AU3aHBI aKaJIeMUSIIBIK KETICTIK TECTIHEH KOHE ©31H-
e31 perrenetid okyasl (MSLQ) enieyre apHanraH cayalHaMaJaH TYpPAbL. 3epTTeyre
€K1 TOM KaTBICTHI: 0AaKbLIAy TOOBI AICTYPIIl QJIICIIEH OKBITHIIICA, SKCIIEPUMEHTTIK TOII
MATHOS Al nmnardopMachlH maiiaiany apKbliIbl OKbITBIIIBI.

3epTTeyniH MakcaThl — OJKCIEPUMEHTTIK KoHe OakplUiay TONTapbIHBIH
OesmeKkTep/li  TYCIHyl MEH ©31H-631 PEeTTENeTIH OKYbIH  JaMBITYbIHJAFbI
albIPMaIIBIBIKTAPABI  Talilay. 3epTTEYMiH HEri3ri  OaFbIThl  OKYIIBLIAPABIH
aKaJIEMUSITBIK JKETICTIKTEPIH KOHE OJIapIbIH METaTaHBIMIBIK TaFAbIIAPHIHBIH JaMybIH
AHBIKTAY OOJIIbI.

3eprrey HoTmkenepi MATHOS Al HeriziHaeri OKBITYIbIH OKYIIBUIAPIBIH
OemNIIeKTep TaKbIPHIObI OOWBIHINA aKaJEMUSIIBIK JKETICTIKTEpIHE >KOHE ©31H-031
pPETTENEeTIH OKYBIH JaMbITyFa OH 9cep ETEeTIHIH KOpCEeTTl. AJIBIHFaH HOTIXKEJEp
Kazakcran MektenTepiHiH MaTeMaTHKaJIBLIK OLtiM Oepy Oarmapiaamanapeina MATHOS
Al cUSKTBI MHHTEIJUIEKTYaJIJIbl OKBITY KYHeJepiH €Hr13y/11H MaHbI3IbUIBIFbIH PACTANUIBI.

Tyiiinoi ce30ep: MATHOS Al, 6enwexmep, opma mexkmen oKyulbliapbl, 63iH-03i

pemmenemin oKy, aKkadeMUusIblK HCemiCmiK, UHMENLeKmyanovl OKblmy Hcyuenepi.
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AHHOTANIMUSA

JlaHHOE  WcclemoBaHME  pacCMaTpUBACT  BIUSHUE  WHTEIUICKTYalbHOU
oOyyaroieil cucteMbl Ha ocHoBe HcKyccTBeHHoro uureiiekra (MATHOS Al) na
aKaJeMHYecKue MOCTHKEHHsI MO TeMe Ipo0eil W pa3BUTHE CAMOPETYIUPYEMOTO
o0y4eHHus y ydaluxcsa 5 Kjacca cpelHeu mKoibl. J(u3aiiH uccienoBaHus BKIIIOYA
TECT aKaJEeMHYECKUX JOCTIKCHWU W aHKETy I M3MEPEHUs CaMOperyjIupyeMoro
ooyuenust (MSLQ). B uccinenoBanuu npuHsUITH ydacTHe€ JIBE TPYIIBI: KOHTPOJIbHAS
rpynmna odyyanach TpaJAUIIMOHHBIM METOOM, TOT/Ia KaK AKCIIEpUMEHTaJIbHAs TPYIIa
oOy4anack ¢ ucnonb3oBanueM mwiargpopmer MATHOS Al.

[lenbro uccnenoBanus ABISUICA aHATU3 PA3IUUUNA MEXAY IKCIIEPUMEHTAIbLHOM
¥ KOHTPOJIBHOW TpymnmnaMyd B TIOHMMaHHWH JIpoOel M Pa3sBUTHU CAMOPETYJIUPYEMOTO
oOyuenusi. OCHOBHOE BHHMAaHHE HCCIEAOBaHUS OBLIO HANpaBIECHO HAa HM3MEPEHHE
aKaJIEMIYECKUX JOCTIKECHUN yJaluxcsl U pa3BUTHE UX METAKOTHUTHBHBIX HABBIKOB.

Pe3ynbrathl uccienoBanus mnokasanu, uto oOydenue Ha ocioee MATHOS Al
OKa3bIBAET TOJOXKHUTEIbHOE BIMSHUE KAaK HA aKaJeMUYECKUE JHOCTHKEHUS 10 TEeMe
Ipo0Oei, Tak U Ha pa3BUTUE CAMOPETYIHPYEMOro o0yueHus yvamniuxcs. [lonydyennsie
pe3yNbTaThl MOJATBEPKAAIOT BAXXHOCTh BHEIPEHUS WHTEIEKTYaTbHBIX 00YyYaroniux
cucreMm, Takux kak MATHOS Al, B nporpammMbl MaTeMaTHYECKOT0 00pa30BaHUS IITKOJ
Kazaxcrana.

Knwouegvie cnosa: MATHOS Al, 0pobu, yuawuecs cpeoneii wxonwi,
camopezynupyemoe obOyyeHue, axademuyeckue OOCMUNCEHUs], UHMENLeKMYanibHble

06)/1{61}0%{146 cucmemal.
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functions, trigonometry, and probability theory. On the contrary, a student with
conceptual gaps in the concept of fractions "transfers"” these gaps to all subsequent
mathematical topics. This is related to Siegler et al. (2012) statistically proven by a
longitudinal study conducted in the United States and Great Britain: the level of
knowledge of fractions in the 5th grade predicts overall mathematical success in high
school (B =0.37, p <0.001). Since a similar study was not conducted in Kazakhstan,
the need to study this relationship on the basis of national data is obvious.

From the point of view of cognitive science, fractions directly contradict the
intuitive schemes that children have formed for natural numbers. Ni and Zhou (2005)
called this phenomenon the "Whole Number Bias" (WNB), a major cognitive barrier
to mastering fractions. Subsequent studies (Vamvakoussi et al., 2018; Gonzéalez-Forte
et al., 2020; Hoof et al., 2021) have confirmed that procedural exercises alone are not
sufficient to overcome this barrier without conceptual retraining. It is this pedagogical
need that makes the importance of learning approaches based on personalized, adaptive
and instant feedback even more important.

Intelligent Tutoring Systems (ITS) provide a unique opportunity to meet these
needs. A meta-analysis by VanLehn (2011) found that students using ITS performed
on average 0.76 standard deviations higher than their peers in the traditional classroom
- higher performance between pedagogical interventions. However, this review looked
at ITS in terms of overall effectiveness; there are almost no specific studies that
examine the effectiveness of ITS in learning fractions, especially in the context of
Central Asia and Kazakhstan. This research gap defines the scientific subject of this
dissertation.

Research problem and scientific gap is formulated through three levels of
contradictions.
The first contradiction is the gap between technological capabilities and

pedagogical effectiveness. Although the digital infrastructure of Kazakhstan's schools
has improved significantly, there is no experience of using Al-based platforms

combined with didactic principles in teaching mathematics. Since there is no research



on this issue in the national context, teachers cannot properly use Al in a pedagogical
context.

The second contradiction is the gap between the cognitive complexity of
fractional numbers and the limited number of hours in the school curriculum. The
mathematics program of the 5th grade of the Kazakhstan comprehensive School
devotes 36-40 hours to the section "fractions”. However, research shows that mastering
the conceptual aspect of fractions requires three to four times more cognitive
processing than mastering natural numbers (Siegler & Pyke, 2013). This inequality
leads teachers to resort to algorithmic exercises instead of deepening the content, which
leads to a conceptual gap like "can calculate, but does not understand™.

The third contradiction is the gap between the age-related cognitive development
of students in grades 5-6 and the unified nature of traditional education. Executive
functions (planning, working memory management, cognitive flexibility) of 11-13-
year-olds on the threshold of adolescence differ significantly at the level of biological
maturity and personality (Uus et al., 2021). Traditional classroom teaching does not
take into account these individual differences; adaptive Al-based systems can
theoretically solve this problem, but in the case of Kazakhstan, this potential in learning
fractions has not been tested empirically.

The central research question arising from these three contradictions is: does the
use of the MATHOS Al intelligent system affect the academic achievements and self-
regulation of 5th grade students when teaching fractions compared to traditional
teaching methods?

In the international scientific discourse, research in this area is divided into three
groups. The first group examines the impact of ITS on overall mathematical success
(VanLehn, 2011; Kulik & Fletcher, 2016)-although positive results were reported (d =
0.60 —0.79), the data were not classified by specific topic. The second group is devoted
to cognitive-psychological aspects of learning fractions (Ni & Zhou, 2005;
Vamvakoussi & Vosniadou, 2004; Hoof et al., 2021) - barriers are well described, but

ITS as a solution has not been tested. A third group links ITS to real-world fraction



themes (Pappas & Drigas, 2016; MacLellan et al., 2024; Shih et al., 2023) - but research
has been conducted in Western schools; similar work has not been published in the
context of Central Asian or post-Soviet secondary education systems. The intersection
of these three groups-a study in the context of Kazakhstan-clearly outlines the scientific

gap that this dissertation fills.

Purpose and objectives of the study.

The aim of the study is to provide theoretical justification, experimental
verification and determination of the conditions for effective use of the pedagogical
and psychological impact of adaptive learning technologies based on artificial
intelligence on self-regulated learning of fractions by students of grades 5 of general
education schools in Almaty.

To achieve this goal, the following tasks were set:

e Conducting a systematic theoretical analysis of domestic and foreign scientific
papers on the cognitive and psychological difficulties of learning fractions,

including the phenomenon of Whole Number Bias.

e Pedagogical substantiation of the application of the principles of "scaffolding-
fading™ and "fast feedback" to the training of fractions, determination of their

theoretical connection with the Zimmerman model.

e Operationalization of the" self-proficiency in fractions " constructor using three
dimensions: conceptual accuracy, procedural skills, and metacognitive control-

and the choice of psychometric tools.

e Conducting a quasi-experimental study in grades 5 of Almaty schools comparing
the level of fraction mastery between an experimental group using an Al

platform and a control group receiving traditional training.

e To analyze the differentiated effect of rapid feedback mechanisms
on students' metacognitive skills (planning, self-control, and reflection)

depending on their initial level of achievement.

4



Research methods:

1. Quasi-experimental quantitative method. The study used a quasi-experimental
design with parallel groups. The experimental group (EG) used the MATHOS
Al intelligent learning platform, while the control group (CG) studied in a
traditional classroom environment. This method was used as a study of
consolidating knowledge and filling gaps in learning in order to assess the
preservation and assimilation of concepts on the subject of fractions previously
studied in the school curriculum.

2. The theoretical method. A systematic review and content analysis of
fundamental and modern academic literature, peer-reviewed scientific research
and international articles was conducted. The theoretical basis of the research
was based on the Zimmerman model of Self-Regulated Learning (SRL), Sweller
Cognitive Load Theory (CLT), Vygotsky Zone of Proximal Development
(ZPD), as well as international approaches to intelligent learning systems (ITS).
3. Empirical and statistical methods Assessment tools. To determine the initial
level of academic preparation of students, a pre-test was conducted on the topic
of fractions. After the intervention was completed, a similar post-test was used
to assess knowledge retention and cognitive growth.

Psychometric assessment. After the intervention was completed, the adapted
Motivated Strategies for Learning Questionnaire (MSLQ) was used to assess the
formation of components of self-regulated learning, including Planning, Self-
Monitoring and Self-Reflection.

Statistical analysis. To process the quantitative data, mathematical statistics
methods were used, including the Shapiro—Wilk test to verify the normality of
the distribution, Independent Samples t-test to compare differences between

groups, Paired Samples t-test to analyze intragroup progress, and Cohen's d



coefficient calculation to determine the practical significance of the impact of

the MATHOS Al platform.

The scientific novelty of the dissertation lies in the fact that for the first time a
guasi-experimental assessment of the intellectual tutor system based on Al (MATHOS
Al) in teaching fractions among students in grades 5 of Almaty schools was carried
out; the direct influence of Al feedback on the development of self-regulated learning
(SRL) skills- planning, self-control, reflection; Ebbinghaus based on the theory of the
forgetting curve was revealed For the first time, the pedagogical capabilities of a
teacher in the context of remediation training (restoration of previously acquired
knowledge) were empirically tested.

Practical Significance of the Study. The results of the study provide an
empirical basis for the development of an evidence-based methodology for the
introduction of ITS in general education schools in Kazakhstan. Diagnostic tools,
pedagogical scenarios, and recommendations for teacher training are of direct practical
use. The experience of Almaty schools can become a pilot model for other regions of

Kazakhstan and CIS countries in Central Asia.


































































2020) clearly show that Kazakhstan's average indicators of mathematical literacy are
characterized by specific conceptual difficulties — fractions and proportions.

Kuandykova et al. (2023) and Zhumagazina et al. (2024) A recent study found
that 60-70% of school teachers in Kazakhstan are unable to effectively use Al tools in
the learning process-a mirror of the global trend described by Luckin and Holmes
(2018). Another real problem is the lack of full-fledged Al systems in Kazakhstan in
the Kazakh language: the leading AIS of the global market (MATHia, ALEKS, Khan
Academy) work in English. Almaty can become a pilot platform for the introduction
of Al tutors as the most developed educational center in Kazakhstan. For successful
implementation, four conditions must be met: professional development of teachers,
methodological support, cooperation with parents, and long-term planning.

The systematic theoretical analysis carried out in these two chapters allowed us
to comprehensively recreate the theoretical and empirical prerequisites of the research
problem in four interrelated areas. The first direction establishes that mastering
fractions is not an accidental pedagogical difficulty, but a personal experience of the
most complex epistemological leaps in the intellectual history of a person. The second
direction shows that SRL is one of the strongest predictors of academic development,
neuropsychological data prove the biological unpreparedness of 11-12-year-olds for
full-fledged self-regulated learning and the Sweller CLT theory determines the
biological need for external support. The third direction proves that modern
information systems can offer exactly this advanced digital support: their four-
component architecture, adaptive support mechanisms, instant feedback capabilities,
and metacognitive control functions make up a comprehensive technological solution
aimed at developing students’ own skills. The fourth direction confirms the global
experience — data on the effectiveness of Mathia, ALEKS, Khan Academy, Molenaar
hybrid regulatory studies, and empirical data on anxiety reduction. But there are also
acceptable limitations: excessive support, bypassing the system, and a gap in equality.

The most important conclusion: although the overall effectiveness of Al has been

widely studied, its real role in fraction education-along with the development of SRL
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— is not well understood, given the special post-Soviet education system and the
cultural context of Central Asia. This gap is the theoretical foundation and practical

significance of this dissertation.
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To test the Hig hypothesis, the MSLQ questionnaire was administered to both
groups at post-test (end of week 4) to measure final levels of self-regulated learning
and compare EG vs CG. The questionnaire was conducted for both groups
simultaneously to ensure comparable conditions and time frames. This made it possible
to statistically compare the changes in SRL between EG and CG using paired and

independent t-tests.
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problem in principle: this effect is achieved without additional load on the teacher and
changing the class schedule — the platform works as a 24/7 personalized tutor, which

can adapt to the individual pace and difficulty profile of each student.
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In conclusion, experimental verification and determination of the pedagogical
and psychological impact of adaptive learning technology based on artificial
intelligence (Mathos Al platform) on remediation training of 5th grade students of the
210th Lyceum in Almaty on the topic of fractions and self-regulated learning skills.

In the first chapter, the cognitive complexity of a fractional number was analyzed
on three theoretical grounds: Kieren (1976) five semantic constructions determine the
conceptual diversity of a fraction, Siegler et al. (2011) the integral theory of numerical
development revealed the predictive value of fraction ownership for mathematical
success (B =0.37, p <0.001), and the phenomenon of "Whole Number Bias' (WNB) Ni
& Zhou (2005) discovered the neurobiological roots of this barrier. Mathematical
anxiety (Ashcraft, 2002; Lyons & Beilock, 2012) has been defined as an emotional
barrier to mastering fractions.

In the second chapter, the three-phase cyclic Zimmerman model (2000, 2002)
(forecast — execution — reflection) was designated as the main theoretical basis for self-
regulated learning. Neuropsychological features of students aged 11-12 (incomplete
maturation of the anterior cortex, limited working memory) determined the importance
of purposeful formation of SRL skills at this age. Sweller's (1988) cognitive load theory
theorized a mechanism by which MATHOS Al prevents working memory overload by
using step-by-step instructions.

Key empirical findings. In the third chapter, the results of the quasi-experimental
study were presented at three levels:

The first level is academic success: EG scored M = 78.6 (SD = 7.9) on the post-
test and showed a statistically significantly higher result than M = 73.3 (SD = 8.4) on
CG (t(48) = 2.30, p =0.026, Cohen's d = 0.65). EG growth (+16.5 points) is 6.0 points
higher than CG growth (+10.5 points). Hypothesis Hi, was confirmed.

The second level is a reallocation of academic achievement: the share of "low-
level” students in EG has tripled from 36% to 12%; "high-level" has more than doubled
from 12% to 28%. In CG, these changes remained insignificant (+4% and -8%). The
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6. LIMITATIONS

Despite the significance of the results obtained, the study has a number of
important limitations that should be taken into account when interpreting the data and
generalizing to other contexts.

The sample size (N=50) is relatively small. Although a posteriori power analysis
confirmed that the power was sufficient to detect medium-sized effects (d=0.5), a larger
sample (N>200) would have provided more stable estimates. The study was conducted
in one specialized school (lyceum) in Almaty among academically successful students
with a higher initial level of training, greater motivation and more educated parents
compared to typical general education schools. This limits generalization to rural
schools, typical schools, and schools with different socio-economic status. A quasi-
experimental design without randomization means that non-measurable variables
cannot be completely excluded as alternative explanations for differences between
groups, although the initial equivalence of the groups has been statistically confirmed.

The intervention lasted only 4 weeks, allowing short-term effects to be assessed
according to Ebbinghaus ' theory of forgetting, but leaving out questions about the
long-term improvements. The study was conducted at the end of the school year, when
students’ motivation may be lower. The study included only the 5th grade (10-11 years
old), so the results may not apply to other classes where cognitive development and
motivational profiles differ significantly. Focusing on one mathematical topic
(fractions) limits applicability to other mathematical topics.

Academic achievement was measured by a single test of 15 tasks, and self-
directed learning was evaluated exclusively through self-report (MSLQ), which is
subject to social desirability bias and recall bias. Although mathematical anxiety was
theoretically significant and considered in the literature, it was not empirically
measured in the study. It was a conscious choice to focus the main measurement efforts
on academic achievement and self-regulated learning; measuring anxiety is

recommended for future research using specialized tools.
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Despite these limitations, the study demonstrates high internal validity in
controlled aspects: the initial equivalence of the groups is statistically confirmed, the
normality of the distribution is verified (Shapiro-Wilk, p > 0.05), the reliability of the
tools is adequate (Cronbach's a = 0.84), and the procedures are implemented in good
faith. The results correspond to theoretical predictions and international meta-analyses
of the effectiveness of intelligent learning systems. These limitations highlight the
importance of replication studies with a larger and more diverse sample, with a longer
follow-up period, multiple measurement methods, and in different educational contexts
to strengthen the empirical base for implementing Al learning systems in Kazakhstan's

education.
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111 BOJIIM. AHAJINTUKAJIBIK ECEIITEP

9 3X_5_7
"8 12 24
10 3x 5_7
"8 12 24

) 5 e 3 .. . C .
11. bip canHbIH . 0oJ1irl eKIHII CaHHBIH " Oemirine TeH. Exinmii can 48 Gosca, OipiHIIi

CaH bl TAOBIHBI3.
. 1 . T
12. Tik TopTOYPHIIITHIH Y3bIH/IBIFbI 185 cM. EHi y3b1HABIFbIHBIH O6iiri. Tik TOpTOYPHILITHIH:
€HIH; IEPUMETPIH; ayJaHbIH TaOBIHBI3.
1 D 5 o . 1
13. Y1 caHHBIH KOCBIH/IBICHI 18£-re TeH. bipiH caH - e Exinmi can OipiHii canHaH 2 3"
re apThIK. YIIIHII CaH eKiHIIl CAHHAH
7
-, Te Kem. Y1 canapl TAOBIHBI3.

IV BOJIIM. ’)KOFAPBI JEHT'EMAJII ECEIITEP

14. bemkeaeri cyaslH: O1piHII KYHI i Oeiri, eKiHII KYHI KaJFaHBIHBIH E OeJIiri, yIIHII
KYH1 Tarel 48 nuTpi maimananbuiabl. Ocklmad KeliH Oerkene OacTamkbl CyIbIH % Oeuriri
Kanael. bactankeina Oelikeae Helle JUTP ¢y OosFaH?

15. Bip >KyMBICHIBI )KYMBICTBIH: O1PIHIII KYHI % OeiriH, eKIHII KYHI KaJFaHbIHBIH é Oemirin
opbIHAAAbl. YIIiHINI KYHI TaFrbl 20 >KYMBIC OpBbIHIAFaHHAH KEHiH >KYMBICTBIH i Oeriri

asiKTaIMai Kaabl. bapibiK )KYMBIC KOJIEMiH TaOBIHBI3.
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Appendix B. Questionnaire

MSLQ CAYAJIHAMACHI - 5 HIKAJIA, 18 IYHKT

Motivated Strategies for Learning Questionnaire

(Pintrich et al., 1991 — 5-cbinbin oxywwiiapsina 6etiivoenzen KasaKuia Hyckacol)

BOJIIHEKTEPAI OKY KE3IHAEI'T O31H-O31 PETTEY
CAYAJTHAMACDHI

HyckayJabIk
Temeneri coilsiemaep/ii OKbII, 6©31HEe colikec xayanThl Oenriie. CeHiH OemeKTep/il

OKY Ke31HJIeT1 OpeKeTTEePiH MEH OiJIay JKOJIapblH OaraaHa/Ibl.

1 = Mynoem kenicnetimin 4 = Kenicemin
2 = Kenicnetimin 5 = Tonvix Kenicemin
3 = Ketioe conati

1-BOJIIM. JKOCIAPJIAY (PLANNING)

1. Kypaeai 6euiex ece0iH kepreHe, OHbI HIbIFAPY YIIIH KaHIail Kagamaap
KepPeK eKeHiH OiJIaiiMbIH.

01 02 O3 O4 0O5

2. Ecen mbirapranaa, MaraH Kai TICiJI JKaKChl KOMeKTeceTiHIH TaHaal
aJIaMbIH.

Ol1 02 O3 O4 0O5

3. ZKana tanceipManbl 6acTamac OYpbIH, OYPbIH YiipeHTeH epexesiepli ecke
TycipeMiH.

01 02 O3 O4 0O5

4. MeH OosmeKkTep/i TOJBIK TYCIHY YIIIH KaHIIA YaKbIT KepeK eKeHiH aJAbIH
aJjia 00JKANMBIH.

Ool1 02 O3 O4 0O5

5. TancbipMaHbI OPBIHAAFAHAA Kall skepi KUBIH 001ybl MYMKIH €KeHiH aJ/IbIH
ajia 0aliKaMBbIH.
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01 bO2 O3 O4 0O5

6. BeaexkTepai OKbIFaHaa, 63iMe “HeHi :KaKChI TYCiHYiM Kepek?” qereH cypaxk
KOSIMBIH.

O1 O2 O3 0O4 OS5

2-BOJIIM. OPBIHJAY (PERFORMANCE)

7. Ecen mbIrapy Ke3iHje op dpeKeTiMHIH 1YPbIC eKeHiH TeKcepin 0ThIPaMbIH.
01 2 03 04 05

8. Erep skayadbIM TyciHikci3 00Jica, ecenTi 6acKa TICiJIMeH HIBIFAPBIN KOPEMiH.
O1 0O2 O3 O4 OS5

9. Ecen mbirapranaa, Ha3apbIMIbl 0acKa HopceJiepre ayJiapMayFa ThIPbICaAMbIH.
01 2 03 04 05

10. TycinOeli KaJaraH kep/ae TOKTAI, KaiiTa OHJIaHbIN IIbIFAMbIH.
01 0O2 O3 O4 0O5

11. KypaeJi TanceipManapjaa 6ipaeH OepisiMeid, COHbIHA JeliiH i31eHeMiH.
01 2 03 04 05

12. Ecen mbIFapy ke3iHje 63iMe “MeH MYHbI He YIIiH icTen :KaThIPMBbIH?” J1en
CYPaK KOSIMBIH.

01 02 03 0O4 05
3-BOJIIM. O31H-O31 TAJIJAY (SELF-REFLECTION)

13. TancbipMaHbI AAKTAFAHHAH KeHiH, Kail TICIJI )KaKChl KOMEKTECKEeHIH
OMJIaliMBbIH.

01 02 O3 0O4 OS5
14. Kare xi0epceM, OHBIH ce0eliH TyCiHyre ThIpbICAMBIH.

O1 02 O3 O4 0O5
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15. Keseci TancpipMaHbl )KaKChl OPbIHAAN a1y YIIIH )KYMBICBIM/IbI KaJIai
03repTy KepeK eKeHiH OiJIaiiMbIH.

01 02 03 04 05
16. bypbiH yiipeHreH Tdcijiaepai skaHa 0eJ11IeK ecenTepinae KOJIaHa ajJaMblH.
01 0O2 O3 O4 OS5

17. Kail TakbIpbINTAP/BbI KAKCHI TYCIHETIHIM/II KOHEe KAMChICHI KUbIH €KeHIH
a)KpIpaTa ajaMbIH.

O1 0O2 O3 O4 OS5

18. O3 KyMbICBIMABI Kapan MIbIKKAHAA, KeJIeCi K0JIbI HeHi JKaKCAPTY Kepek
eKeHiH 0alKailMbIH.

O1 0O2 O3 O4 OS5

76



Appendix C. Lesson plan

Caoak
Ke3eHi /
YakbIThbI

1.
MoTtuBai
A JKIHE
MaceJie
KOI0

(10

MUHYM)

2. ’KH-
MECH
aepoec
3epTTey
(Self-
learning)

Ileparorri
H ic-
Jpekeri

[Ipobiema
JBIK CYpaK
KOSIJTBI:
2/3-nin 415
boniein
Kanau
mabamwi3?
Opmaxg
bonim
Kepek ne? »

Oxymbuiap
el KN
opTachiHa
©3/1IrHEeH
3epTTey
KYprizyre
OarbITTaliq
BL.

e CpIHBINTA
dbacumurar
op

0oJadpbl.

OKYIIBIHBIH
ic-apekeTi

* CpIHBII
OeJICeHIUIITIHE
KaTbICaJIbl,
KYTITICH
Oomxamap
JKacamibl.

Hoyrbyx/mnan
IIET apKBIIBI
«MathosAl»
KyheciHne
Kipei.

* XU-re cypak
KOSIJIbL:
«benuwexmepoi
Kanau

koebeumeoi/bone

0i?»
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KU
(ILnardpopma
HbIH)
KbI3MeTi MeH
peJi

* CypaHbICTBI
KaObLI1ayFa
JTAbIH
(Ready-state)
uHTEephEncTi
KepceTe/l.

[Tanpananym
BIHBIH JKEKE
npoduitin
OenceHipe/i.

CoxparTbIK
Koy4: [laiibin
dbopmyaHbl
oepmeiii.

Pecypcrap
JKOHE
O0arajay

[InanmerTep
)
UHTEPAKTUBT
1 TaKTa.

» bazanay:
JInarHoCTHK
aJIBIK
(BIHTATAHIBI

py)-

«MathosAl»
iatopmac
BI, ’KYMBIC
JoTITEpi.



Cabdak
Ke3eHi /
YaKkbITBI

(20
MUHym)

3. bekiry
HKIHE
STEM-
NPAKTHKY
M

(20
MUHYn)

IlexarorTi
H ic-
opekeri

MyraniMHi
H Oackapy
maHeni
(Dashboar
d) apKpLIBI
p
OKYIIIBIHBI
H KU -men
JINAJIOTbIH
JKOHE
JIOTUKAJIBIK
Kajamjaap
BIH
KaJarajgain
IBL.

ChBIHBIIITHI
3 Tonka
Oeuel.

« STEM
TancbipMa
ChbI:
«Acna3jpl
K peleNTTI
Maciraora
y»
(uHTEpHET
Terl
peuent
WHTpETUEH

OKYUIBIHBIH
ic-opexeTi

* )KU xoiiran
KETEKTEYIIII
CypakTapra
xKayar Oeperti.

* Epexeni
©3iT1HCH
TYKBIPBIM/JIAII,
JonTepre
&KazaJbl.

* Torrra
ecenreyliep
KYprizeml.

* Karemen
JKYMBbIC:
ApanbIK
HOTHOKeNepal
KW -re enrisim,
ecenrey

KaJamaapbIHbIH

JYPBICTBIFBIH
TeKCepei.
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KU
(Ilnarpopma
HbIH)
KbI3METI MeH
peJi

* bomimrri
ooy
MBICAJIBIHA
JIOTUKaJIBIK
Cypakrap
KOSIJIBI.

* OKYIIBIHBIH
xayan oepy
KapKbIHbIHA
oeiiMaenenl.

Bepuguxarto
p:
OKyILIbIHBIH
HIEITIMIH
TaJI Al abl.

» Kareni
(MBICAJTIBI,
OeJIIeKTI
aynapyasl
YMBITY)
JalbIH
Kayarchl3,
TyCIaJMeH
MEH3EeHI1.

Pecypcrap
KIHE
OaraJsiay

» bazanay:
Kamnbimractsl
pymsl KU
aHaJUTUKAC
BI).

Y necripmenni
MatepHuaap
(STEM

KapTouKajap

bI),
TJTAHIIETTED.

» bazanay:
TonTeIK
e3apa
Oaranay.



Cabdak
Ke3eHi /
YaKkbITBI

4,
Pedaexcu
1 JKOHE
KOPBITHIH
Abl

(10

MUHym)

IlexarorTi
H ic-
opekeri

TTEPiH
Oedek
caHmapra
Ke0elTy/0
eIy
apKBLIBI
KauTa
€CeITey).

Epexenep
11 OeKiTy/l
MOZEpaLus
JIanIbl.

Juccepran
usl YIIiH
Kepi
OailylaHbIC

ajtaapl;
KU

c¥pakmap
bl epediCceHl
mycinyze
Kanau
KemeKmec
mi?»

OKYUIBIHBIH
ic-opexeTi

» KeOeiiTy/00my

AITOPUTMIH
CBIHBIIIKA
TYKBIPBIMIANT
BI.

* binim
ayaarbl
nepoecTirin
Oaranay ymrix
KbICKaIlIa
Google-
dbopmaHbI
TOJITHIPATBI.
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KU
(Ilnarpopma
HbIH)
KbI3METI MeH
peJi

» Myrainimre
ecen (Report)
OTKI3e/l:
CBIHBIIITAFbI
KU1 KETKEH
KaTelep MeH
OKYIIBUTAPIbI
H TaKbIPBITITHI
MEHIrepy
JICHI el 1H
JKMHAKTan/Ibl.

Pecypcrap
KIHE
OaraJsiay

» Google-
dopma /
Cayannama
napaxiianap
BI.

* bazanay:
JKUBIHTEIK
Oaranay,
©31H-031
Oaranay.



Cabdak
Ke3eHi /
YaKkbITBI

IlexarorTi
H ic-
opekeri

* bamn
Kostzibl (1—
10).

OKYUIBIHBIH
ic-opexeTi

80

KU
(Ilnargopma
HbIH)
KbI3METI MeH
peJi

Pecypcrap
JKIHe
OaraJjiay



