AMMOHUWH-UOH
10

S N B Oy

2019 2020 2021 2022 2023 2024 2025

PucyHok 2 -konmdecTBO aMMOHMI-HOHA B peke COKBIp

Ha rpa¢uke mokazaHo, 9To KOHIIEHTpAUsI aMMOHHUN-MOHOB ObIiTIa KpaitHe BrICOKOH B 2019,rony, 3HaUNTENEHO
npesermas I1JIK. B mocnemyromue romsl HaOMIOAAETCS MOCTETIEHHOE CHIDKCHHE, HO 3HAUCHUS OCTAIOTCS BBIIIC
JOITyCTUMOTO Tipenena BIUIoTh a0 2025 roma. [loBrlmeHHOE conepxaHne aMMOHHI-nOHa Bipeke COKBIp CBS3aHO
MPEUMYIIECTBEHHO C MOCTYIUICHHEM OBITOBBIX M MPOMBIIUICHHBIX CTOYHBIX BOJ, @ FalkKE CO CMBIBOM yJOOpEHUI.
AMMOHUIl fABISETCS MHAMKATOPOM OPraHUYECKOTO 3arpsA3HEHHs U CBHUJETEILCTBYET O HEHOCTAaTOUHOW CTENEeHU
OUYUCTKH CTOKOB

Takum o6pa3oM, 0 pe3ysbTaTaM aHaJIM3a BUJHA HECTAOMIbHAs TUHAMUKA XUMUYECKOT0 COCTaBa BOJIBI PEKU
CoKblIp, YTO yKa3bIBaeT HA BO3JCHUCTBHE aHTPOIOTCHHBIX (hakTopoB. Peskue KOneOaH#si KOHLIEHTPAUH XJIOPUIOB,
MapraHiga 1 aMMOHUM-UOHA CBUACTCIILCTBYIOT O IMCPUOJUUCCKUX 3arpA3HCHUAX, CBA3AHHBIX C MPOMBIIIJIICHHBIMU U
KOMMYHJIBHBIMH CTOKaMH. JTO OTPaXKaeT yXyIIICHHE 3KOJIOTHYECKOTO COCTOSHHSA BOAOEMa M HEOOXOIUMOCTb
KOHTPOJISI HCTOYHUKOB 3arpsizHeHus[4].

Pexa CoKblp HaxOAWTCS TOJ BIMSHHEM KOMIUICKCA (PaKTOPOB — HPOMBIIIICHHBIX BBHIOPOCOB, CTOKOB C
TOPOJICKOH TEPPUTOPHH, 3aXJIaMJICHUS OEPETOB U CHIDKCHUS BOJHOCTH. BCE 3TO CHI)KAET KauyeCcTBO BOJBI M YTPOXKAET
9KoJIornIecKkoMy Oamancy. CoxpaHeHHE M BOCCTAHOBIICHHE DPEKHIBO3MOMHO TOJIBKO IPH OOBEAWHEHWH YCHIHN
MECTHBIX OPTaHOB BIACTH, IPEIIPHATHI U HACETICHUS.

JUis ymydIieHns: 3K0JIOTHYeCKOTro COCTOSIHUS peKi, COKBIP, HEOOXO0AUMO OCTPOUTH OUHUCTHBIE COOPY KEHHS,
YCTaHOBUTH (1)I/IJ'II)TpI)I 1 JIOKAJIbHBIC CUCTEMbBI OYUCTKHN Ha MPEANPUATHAX 1 aBTOMOﬁKaX, a TaK)XK€ YCUJIIUTb KOHTPOJIb
3a cOpocaMy CTOYHBIX BOJ. BakHO HaJlaINTh CUCTEMY JIMBHEBBIX CTOKOB C (DMILTPAMH, COKPATHTh MCIOJIb30BaHNE
COJIEBBIX PEAreHTOB M XUMHKATOB, OCOOCHHO B 3MMHMU nepuod. Cieayer perysisipHO IPOBOJIUTH aHAIN3 BOIBI,
ouHIIaTh Oepera OT Mycopa U BbICA)KUBATh PACTUTEIbHOCTH /I YKpPEIUICHUs] OEpEeroB U eCTECTBEHHOW (QMIIbTPaLuK
3arpsisHeHuH. Kpome Toro, He00X0IMMO TPOBOJHUTE pabOTy € HACEICHHUEM U IPEINPHUSITHIME O BPEAE 3arpsi3HEHU
PEKH ¥ BaXKHOCTH €€ OXPaHBbI.

Bce »31ti ¢akTOpEl NEHCTBYIOT OJHOBPEMEHHO M YCWIMBAIOT Apyr aApyra. B pesymprate pexa COKbIp
UCTIBITBIBAET KOMIIEKCHOE BO3AEHCTBHUE, YO, OTPAXKACTCS HA KAUECTBE BOJIBI, COCTOSHHM BOJHBIX OPraHM3MOB U
YCTOMYMBOCTH BCEW HIKOCUCTEMBI.
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METHODOLOGICAL ASPECTS OF TEACHING MATHEMATICS WITHIN DEVELOPMENTAL
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ABSTRACT. Developmental learning is widely regarded as an effective pedagogical framework for meeting
contemporary educational standards. It aims to foster higher-order thinking skills, including analytical reasoning,
identification of essential features, classification and generalization of mathematical objects, and transfer of
knowledge to new contexts. These competencies support students’ ability to solve non-routine problems
independently. This paper outlines key methodological principles of developmental learning in mathematics
education, with particular attention to geometry teaching and the use of digital tools such as dynamic geometry
software.

Keywords: mathematics education; developmental learning; teaching methodology; geometry; GeoGebra

22


https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BA%D1%8B%D1%80?utm_source
https://www.gov.kz/uploads/2022/1/21/195d4245b75123a2c2aecce3ed1ccb39_original.38998496.pdf?utm_source=chatgpt.com
https://www.gov.kz/uploads/2022/1/21/195d4245b75123a2c2aecce3ed1ccb39_original.38998496.pdf?utm_source=chatgpt.com

1. Theoretical background

The term developmental learning is associated with the work of V. V. Davydov and the activity-based approach
to education. In contrast to explanatory—illustrative instruction, developmental learning emphasizes students’ active
cognitive engagement rather than mechanical memorization.

The theoretical foundations of this approach can be traced to the works of J. H. Pestalozzi, A. Diesterweg, and
K. D. Ushinsky. In the 1930s, L. S. Vygotsky argued that instruction should precede and guide development. These
ideas were further elaborated within activity theory by A. N. Leontiev, P. Ya. Galperin, and others. In the 1950s—1960s,
L. V. Zankov proposed a system of intensive holistic development for primary school students, providing a practical
model for developmental learning.

Developmental learning differs from traditional instruction in several key ways:

e it prioritizes cognitive activity over memorization;

e it organizes learning around problem solving;

e it emphasizes conceptual understanding;

e it engages students as active participants in knowledge construction.

Students demonstrate different learning trajectories. High-achieving learners often imove quickly across
difficulty levels, while learners who experience difficulties benefit from intermediate tasks that support gradual
progress. This highlights the importance of differentiation and individualization.

Individualization requires attention to:

o the mechanisms of students’ cognitive activity;

e learners’ needs and interests;

o the development of autonomous and responsible motivation.

2. Methodological aspects of teaching mathematics in a developmental learning framework

Several methodological principles are particularly important for implementing developmental learning in
mathematics lessons.

2.1. Creating a problem situation

A lesson should begin with a problem question rather than,a recady-made explanation of a new topic. For
example, a question such as “How can we quickly find the sum of tenidentical numbers if we do not yet know the
multiplication rule?” can stimulate students’ inquiry and anotivate them to'search for a method.

2.2. Modeling and abstraction

In developmental learning, mathematical concepts are mastered through diagrams, drawings, and models.
Students should learn to transform a word problemyinto a visual representation. This supports the development of
abstract thinking and helps learners connect concrete situations with formal mathematical structures.

2.3. Cognitive conflict and inquiry

Traditional tasks often aim at one correct answer. Developmental learning places greater emphasis on inquiry-
based tasks built around questions such as: “Is ‘it\possible?”, “Why did this happen?”, and “What pattern can be
identified?” Such tasks require explanation, justification, and deeper reasoning.

2.4. Student—teacher interaction

Within this framework, the teacher’s tole changes substantially. The teacher acts as a facilitator: rather than
providing a ready-made solution, the teacher designs a sequence of questions that guides students toward discovery.
Students act as researchers: they participate in discussion, propose hypotheses, and justify their reasoning.

3. Geometry teaching challenges and developmental learning approaches

A common difficulty in school mathematics is students’ inability to solve geometry problems. These difficulties
often emerge early and persistwithout systematic instructional support. Developmental learning can be helpful here,
although its implementation requites additional pedagogical preparation and resources.

One useful conceptual ‘basis for geometry teaching is the van Hiele theory of levels of geometric thinking.
According to this{theory, students’ understanding develops through successive levels, typically described as:
visualization (recognition of“shapes), analysis (properties of figures), informal deduction (relationships and
connections), formahdeduction (proof), and rigor (work within an axiomatic system). The methodological goal is to
design learning experiences that gradually move students from lower to higher levels. Instead of giving ready-made
formulas, the tedcher creates conditions for students to discover patterns and regularities independently.

Indevelopmentaldearning, geometry tasks are often inquiry-based. For example, before stating the rule “The
sum of‘the interionangles of a triangle equals 180°,” students can be asked to cut out different triangles, measure their
angles, .and €ompare results, or to arrange the angles along a straight line. Knowledge constructed through practical
exploration tends to be retained longer and increases cognitive engagement.

Another,challenge in geometry is interpreting 2D representations of 3D objects. Therefore, developmental
learning places significant emphasis on construction tasks. Students clarify abstract concepts by constructing nets
(unfoldings) of solids, combining parts, and exploring cross-sections. Such work supports the development of spatial
reasoning and visualization skills.

A relevant modern direction is the use of dynamic geometry software (for example, GeoGebra). These tools
align well with developmental learning goals: when students move a point in a figure, they can observe how other
elements change and which relationships remain invariant. Such “living” diagrams contribute to mathematical
intuition and help learners identify patterns.
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Finally, a key value of geometry is the culture of proof. In developmental learning, proof is not treated as
reproduction of templates but as the construction of a coherent logical chain. Students should be explicitly taught
forms of mathematical reasoning, including “if ..., then ...” statements, reasoning by contrapositive, and proof by
contradiction.

4. Conclusion and methodological recommendations

To improve the quality of mathematics teaching within a developmental learning framework, the following
methodological recommendations can be highlighted:

1.Conduct a qualitative analysis of mathematics curricula and, if necessary, redistribute instructional time to
strengthen challenging topics and increase practical components.

2.When implementing assessment and monitoring activities, use task formats aligned with the Kazakhstan
Mathematics Assessment Framework, focusing on the targeted skills and activity types reflected innthe content
codifier.

3.Provide systematic practice in transformations, constructions, measurement, andgcalculation; including
through electronic educational resources.

4.Increase the proportion of reasoning-oriented tasks: logical problems (including ndmber theory), proof-based
tasks, complex and combined tasks, tasks with non-standard formulations and additionalfconditions, as well as
contextual and story-based problems.

5.Strengthen practice-oriented problem solving by increasing tasks that #equire reading, analyzing, and
interpreting diagrams, drawings, and models, and by incorporating activities that develop functional (including
mathematical) literacy.
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Eny6aii A.H., OpandaeBa A.H., Axanemuk E.A. bekeroB aTelHnarsl KaparaHasl YITTHIK 3epTTEY YHHBEPCHUTETI,
¢u3uKa-TeXHUKANBIK (aKyiabTeTi, PT-23-1k- TOOBIHBIH, CTyACHTTEP]
(Folnvimu dcemexwici - paouos1eKmpoHuKa dxcane usuka Kageopacvinvly aza okvimyuivicol Onues E.M.)

TAJIIBIKTBIK-ONTUKAJIBIK BAMJIAHBIC )KEJLJIEPIHJETI TETEPOTEHIIKTEP I
KEPIIVIIKTEHY AIH AQJAII'THAPTTHIPY YIUIH PEGJEKTOMETPUSIHBIH OJILLIEY
HAPAMETPJIEPTH OHTAMJIAH/IBIPY DJICI

AHaaTna. OpTYpai KOHPUTYPALUSAAERl TaNIIBIKTHI-ONTHKAIBIK OallaHbIC KeNijaepiHgeri Oipkemnki
€MEeCTIKTep/Ii JOKaNU3auusIay ASJAITH apTThIPy YIIH ONTHKAJIBIK YaKbIT ToMeHiHiH pedaekromerpinin ( OTDR )
OHTAMIIBI MapaMeTpJICPiH TaHIayAbIH KeMEHAid/1icCHaMachIH 3ipiey

Kiar ce3gep: OTDR , oITHKaIBIK yaKBIT JOMCHIHIH PEQISKTOMETPI, TaIIIBIKTHI-ONTHKAIBIK OaillaHbIC
KeJiIepi, enmey/i oHTailaHBIPy e aiMaKTap, UMITYJIbC Y3bIH/IBIFBI, TOJIKBIH Y3BIH/IBIFBI, CHTHAJI/IBI OpTalIaiay,
JIOKaTU3aIHsIay IO,

Kipicme. TammbIkTel-o0THKIBIK Oadimanbic  sxeniepi  (TOBX) 3amanaym  TeleKOMMYHHKAIMSUTBIK
nH(PaKypbUIBIMHBIH HeTi31 OOJBII Ta0bUIaIbl, IEMIIK HHTEpHET TpaduriHiH 95%-1aH acTaMblH TachIMaJIaiIbl.
XanbIKapaiblK 3eKTpoaiianbic. onareiHbH, (| XD0 ) momiMmertepi OoiibiHmma , 2025 KbulFa Kapail ONTHUKAJbIK
OailylaHbIC KeNiJePiHiH JKaJIbI Y3bIHABIFBI 600 MUJUTHOH IaKBIPBIMHAH aCaJibl.

OnTukansik pepaexkromerp ( ontukaiblk YakeT JJomeH Pedunexkromerp ( OTDR ) TanmibIKThI-ONTHKATBIK,
OailylaHbIC JKeJIepiH JAMArHOCTHKANay[blH Heri3ri Kypajibsl Oouybill TaObUIaAbl, OJI Y3UIICTEpIl aHBIKTayFa,
KOCBUIBICTApJaFbl QICIpEY/Il OJIIeyre »oHe JKeNiHIH JKalIbl carnachlH Oaranayra MyMKiHAIK Oepeni.TayibIKThI-
ONTHKAIBIK TATIIBIK JKYMBICBIH CepTU(UKATTAY JKoHE OapiapblH Oakpuiay, aKaysiap/bl aHBIKTAy >KoHE Taly YIIiH
KOJII@HbUIa1bl, COHMaii-aK NaiianaHy »KeHUIAI, KbUIIaM peaknus )koHe SKOHOMHKAJIBIK THiMALTIri skorapsl. OTDR
KYMBICBIEK] Heri3rl KyObUTbICKa HerizenreH Paseit mambsipaysl skone dpeHens marbuIbICyIapsl

Paneddy, amsipaysl  KBapll OWHETiHIH aMOp(THl KYPBUIBIMBIHAAFBI CBIHY KOPCETKILIiHIH aybITKybIHA
GaitanblcTh! Tanaa 6oma sl Kepi mambipanks! curnan Kyarsl:PBS (z)=Po S vg W as exp (-2 0z )

@peHenb WaFbIIBICYJIAPI SPTYPII CHIHY KOpCeTKIimTepl 6ap opTanap/blH LIeKapajapblHaa naiina Ooasl:
R=[(m-n2)/(m+n))?

3epTTey MaKcaTbl: OPTYPJi TAIMIBIKTHI-ONTHKAIBIK OalIaHBIC >KEMICiHIH KOH(HTypanusiapsl MeH
JIMarHOCTHKAJBIK TarchlpMaiapAblH Typiepi yurin oHraiiiel OTDR emnmey nmapamerpiiepiH TaHIQyAbIH FBUIBIMH
HETI3/IeNreH diCHaMachIH d3ipiey. VIMITyIbC y3bIHABIKTApHI (HC) KOPiHOSHUTIH aiiMaKTapFa, JOKaIH3anns JONIITiHe,
JMHAMUKAJBIK Hara30HFa dCepiH IKCIEePUMEHTAIAbI Typle 3epTrey.TONKbIH Y3bIHIBIKTapbIHAAFbl OJIIeYIepIiH
CaJIBICTBIpMaJIbl TasAaybiH xKyprizy. OTDR napamerpiiepid Ken KpUTEpHiAIl OHTalIaHABIPY aJITOPUTMIH J3ipiey.
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