REVIEW

of a foreign consultant on the dissertation work «Formation and development of
mathematical literacy and 21st-century skills in students in the context of PISA
studies», submitted for the degree of Doctor of Philosophy (PhD) of the
educational program 8D01501 - Mathematics Baktiyar Satkulov

Relevance of the study. In the process of reforming the modern education system,
strengthening the applied focus of teaching school mathematics, arising from the needs
of society and production, is of particular importance.

The problems of strengthening the applied focus of teaching mathematics, the issues
of forming and developing knowledge and skills in schoolchildren, choosing and

developing the content of the school mathematics course have been studied by many
national and international researchers.

However, these studies were not particularly focusing on and solving solve issues

related to the development of new practice-oriented problems corresponding to number
of sections of school mathematics.

The presented study is particularly relevant in the light of contemporary global .
challenges in education, when the rapid development of the economy and technology

1s accompanied throughout the World. This has led to a rethinking of the role of

mathematics education, particularly for schoolchildren, in the context of future-

oriented thinking.

In this context, the author's dissertation can be correlated with the priorities of
international programs such as the OECD Education 2030 and PISA-2021, which focus
on the formation of mathematical literacy and skills of the 21st century. The author's
dissertation ~ reflects ~a  deeper  andricher understanding  of  the
methodological principles behind the development of such competencies.
It applies existing scientific practices in the formulation  of new  problems and
tasks to thereby contribute to advancing mathematical literacy. The basis of teaching
mathematical literacy is the context of a practice-oriented problem, the mathematical
reasoning used by the student in the process of solving this problem.

However, in the scientific and educational space, the problems of using the main
characteristics of the components of mathematical literacy in the formation and
development of mathematical literacy and 21st century skills in schoolchildren remain
poorly studied.

The analysis of psychological, pedagogical and methodological sources allowed t.he
author to identify a number of significant contradictions that hinder the effective
implementation of the goals of school mathematical education. Among them, the

following contradictions,indicate the relevance ?f‘,the chosen regearch topic;
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- between the applied focus of the content and the absence of practice-oriented tasks
reflecting the real processes.

- between the requirements set by state educational standards and the undeveloped
methodological approaches to cultivating key 21* century skills and competencies;

- between the need for effective educational practices that foster mathematical literacy
and the absence of a scientifically based methodology for their implementation;

- between the need of assessing the development of these skills and the limited

availability of diagnostic tools for measuring mathematical literacy and 21st century
competencies.

Considering the characteristics of the level of the dissertation work, the methodological
approach chosen by the author included theoretical and empirical research methods
such as analysis of psychological and pedagogical literature, results of international
PISA studies, and questionnaires and surveys subjected to the teachers and their
responses. They allowed for a comprehensive approach to solving the issues presented.

The experimental part of the study consisted of several stages including diagnostic,
search and formative experiments. Based on the results gathered, the dissertation
author analyzed the problems of teaching mathematical literacy, the formation and
development of 21st century skills, selected the most effective teaching methods and
technologies, developed a methodology for the formation and development of
mathematical literacy, 21st century skills, a methodology for measuring the formation
of mathematical literacy skills. These findings were confirmed by experimental data.
Using the Student's t-test and a criterial assessment method devised by the dissertation
author, strong evidence has been gathered to support the success of experimental
teaching and, consequently, the high quality of the dissertation proving the efficacy of
proposed teaching and assessment methods for developing mathematical literacy.

The theoretical significance of the dissertation research lies in the fact that the proposed
approach to constructing assessment and training tasks for practice-oriented tasks that
form and develop mathematical literacy in students, the constructed model of the
process of formation and development of interdisciplinary knowledge, mathematical
literacy, 21st century skills in the framework of studying the contents of the
mathematics section, contributes to the development of the theory of didactics and
educational psychology.

The dissertation's practical significance translates into the possibility of utilizing its
results by teachers and researchers in compiling new textbooks and teaching materials
for secondary education. The findings can also effectively serve to teach mathematical
literacy and to develop 21st-century skills in children.




The work carried out within the framework of the study on the development of methods
and technologies for teaching schoolchildren mathematical literacy and 21st century
skills is an important contribution to the development of modern education.

The validity and reliability of the results of this study were ensured by a deep analysis
of scientific literature, the use and combination of empirical research methods
corresponding to the goals, objectives and hypothesis of the study, confirmation of the
research results through the use of mathematical and statistical research methods.

The scientific novelty of the dissertation research is reflected in the following key
contributions:

- the establishment of logical connections between mathematical reasoning and the
stages of solving practical problems;

- the development of an algorithm for constructing assessment and training tasks for
practice-oriented problems in the context of PISA research;

- the identification of problem types and the compilation of model systems of the
problems and tasks designed to foster mathematical literacy and 21st century skills in
schoolchildren;

- the design of a pedagogical model for organizing the formation and development of
mathematical literacy and 21st century skills within the teaching of relevant
mathematics topics;

- the designing a methodological framework for developing these competencies in
alignment with the PISA-2021 conceptual approach;

- the development of tools for assessing mathematical literacy and determining the
extent of 21th-century skill acquisition.

Assessment of the readiness of the dissertation work for defense. Having studied the
content of the dissertation and publications of the doctoral student, it should be
concluded that the dissertation research of Satkulov Baktiyar Baglanuly "Formation
and development of schoolchildren's mathematical literacy and 21st century skills in
the context of PISA research” is a completed scientific study. In this regard, as well as
taking into account its novelty, practical and theoretical significance, the proposed
dissertation work of Baktiyar Satkulov can be recommended for public defense for the
degree of Doctor of Philosophy (PhD) in the educational program
8D01501 - "Mathematics".

Foreign Scientific Advisor:
PhD, Professor, Agri Ibrahim Cegen University, Tiirkiye‘ N é

~
L
4

x .

~ R \ |
ﬂw‘\kﬁg‘ Mehmet Fatih Ogal ",P ;i &
Ja O




3aeepennblil nepesoo ¢ AH2AUUCK020 A3bIKA HA PYCCKUU A3bIK

OT3bIB

3apyDeRHOro KOHCYJLTAHTA HA AHCCEePTallHOHHYIO pabory «PopmHpoBaHHe
M pa3BHTHE Y IIKOJLHHKOB MaTEeMaTHY€CKOH rpaMOTHOCTH H HaBbIKOB 21
BEKa B KOHTeKcTe HccuaeanoBaHuii PISA», npeacraBiieHHYI0 Ha COMCKaHHe
vaeHoH creneHH qokTopa ¢punocopuun (PhD) obpa3oBaTesbHOH NporpaMmal
8D01501 — MartemaTnka CaTrkyioBa bakTusapa barnanyibl

AKTyaJlbHOCTh HccegoBaHus. B mpouecce pe@opMHpOBaHHS CHCTEMBI
coBpeMeHHOro 00pa3oBaHMs O0COOYI0 3HAaYMMOCTh MPUOOPETaeT YyCHIIEHHE
NPMKJIAIHOM  HANpaBJI€HHOCTH  TIperofaBaHUs  IUKOJBLHOM  MaTeMaTHKH,
BEITEKAIOIIEH W3 MOTPeOHOCTH 061eCTBa H MPOU3BOACTBA.

[TpoGrieMel yculleHHUs TMPHUKIAAHOM HalpaBieHHOCTH OOydyeHHs MaTeMaTHKe,
BONPOCE! (DOPMHUPOBAHUA W Pa3sBHTHS Yy IIKOJBHUKOB 3HAHUH M HaBBIKOB, BEIOOpA
W pa3paboOTKH COJepKaHMsl Kypca IIKONBHOW MaTeMaTHKH, ObUIM MCCIIEeIOBaHBI
MHOTMMH OTE€YeCTBEHHBIMH U 3apyDEKHBIMU aBTOPAMHU.

OnHAaKo B STHX HCCIIEOBAaHUAX HE HAlUUIM CBOE IIPOJOJIKEHHE PELIEHHE
npobiem, KacalolUXCs  BONPOCOB  pa3pabOTKM  HOBBIX  IIPAKTHKO-
OPHEHTHPOBAHHBIX 3aJa4, COOTBETCTBYIOLIHME HEKOTOPBIM pasjiellaM LIKOJbHOH
MaTeMaTUKH.

Ocofyro akTyampHOCTh IIpe/CTaBlIeHHOe HCCleoBaHMe NpUOOpeTaeT B
CBETE COBpeMeHHbIX TI0OANBHBIX BBI30OBOB B cdepe obOpa3oBaHHd, Korzaa
CTPEMMTE/IBbHOE  pa3BUTHE OJKOHOMHMKM M  TEXHOJIOTMM  CONPOBOKIAETCH
HCTOILLIEHHEM MPHUPOJHBIX PECYpCOB M Jerpajalieil COLMalbHOH Cpelbl. ITO
MPHBEJIO K [EPEOCMBICIEHUIO POIH MaTeMaTUYecKoro o0pa3oBaHMsl B KOHTEKCTE
ME€PCIIEKTUBHOIO MBILLUTEHHS.

B naHHOM KOHTEKCTe IMCCEPTAlMOHHYIO paboTy aBTOpa MOYKHO COOTHECTH
C MPHOPHTETAMM MEXKAyHapOAHBIX MpOrpaMM, Takux kak «Obpaszopanue 2030»
O3CP u PISA-2021, B KOTOpBIX akIeHT cenaH Ha (OPMHPOBAHHE
MaTeMaTHYECKOM TIPaMOTHOCTH M HaBBIKOB 21 Beka. ABTOp [AMCCEPTALMH
NPOJIEMOHCTPUPOBAl  INIyOOKOE  TNOHMMaHHE  METONOJNOIMYECKHMX  OCHOB
(OpMUpOBaHMA JaHHBIX KOMIIETEHIUH U y4&ll COBpeMEHHBIE Hay4YHbIE TIOAXOMbI B
pa3pabOTKe HOBBIX 3aJad M 3aJaHUM K HHM, CIOCOOCTBYIOLIMX pPa3BUTHIO
MaTeMaTHYeCKOM IpaMOTHOCTH. B  ocHOBe 00y4eHMs MareMaTHUYECKOMH
TPaMOTHOCTH  JIEKUT  KOHTEKCT  NPAaKTUKO-OPHEHTHPOBAHHON  3aayu,




MaTeMaTHUYECKOe pacCykaeHne, NPUMEHIEMOe IKOJIbHUKOM B IIPOLECCE PELICHNS
3TOH 3aJa4H.

OpHako, B HayyHO-006pa30BaTENbHOM IPOCTPAHCTBE €CTh €lI€ HE COBCEM
HCCIIeIOBaHHble  NMpoOIeMbl  HCHOJb30BAHMA ~ OCHOBHBIX — XapaKTEPHUCTHK
KOMIIOHEHTOB MATEMAaTHYeCKOW IPaMOTHOCTH B (OPMHMPOBAaHHHM W Pa3BUTHH Y
LIKOJIEHUKOB MaTeMaTHYeCKOH TPaMOTHOCTH, HaBBIKOB 21 Beka.

AHAIH3 ICUXOJIOr0-IeJaroriyeckKuxX U METOAUYECKUX HCTOUYHUKOB [TO3BOTHIT
4BTOpY  BBLIABHTH PfAA  CYLIECTBEHHBIX NPOTHBOPEYMH,  3aTPYAHSIOLIMX
3 PEKTUBHYIO peanu3alHio Lellel MKOIBHOr0 MaTeMaTH4€eCKOro obpazoBaHus. B
4aCTHOCTH:

- MexOy NpUKIaIHONH HaNpaBIEHHOCTHIO COAEPKaHUS M OTCYTCTBUCM
NpPaKTUKO-OPUEHTUPOBAHHBIX  3alad, OTPXAIOUIUX  pealbHbIE  MPOLECChI
OKpY’KaIoLIero MUpa,

- Mexly TpebOBaHUSIMH TOCYIapCTBEHHBIX 00pa3oBaTeNbHbIX CTAHAAPTOB U
HEJOCTATOYHO Pa3pabOTaHHBIMH METOJMYECKHMHU MOJXOAaMH K (POPMUPOBAHUIO
KJIIOYEBBIX YMEHWH U HaBbIKOB 21 Beka;

- MeXIy HeoOXOAMMOCTBIO BHeIpeHHs (P(PEeKTHBHbIX 00pa3soBaTeNbHbIX
MPAaKTUK, CHOCOBCTBYIOIIMX PAa3BUTHIO MAaTeMaTH4eCKOM TPaMOTHOCTH M
HEeXBATKOM Hay4HO 0OOCHOBaHHOM METOIUKH UX MPUMEHEHHA,

- MeXIy HeoOXOIUMOCTHIO OLIEHKH C(HOPMHUPOBAHHOCTH JaHHBIX HABBIKOB U
OTCYTCTBHEM JAHATHOCTHYECKMX MHCTPYMEHTOB I M3MEPEHHs MaTeMaTH4ecKOH
IPaMOTHOCTH M HaBBIKOB 21 Beka.

ITH NMPOTHBOpEYHs CBHAETEJBCTBYIOT 00 AKTYalbHOCTH BBIOPAHHOH TEMBI
HcefieJOBaHHA.

XapakTepucTHKa  ypoOBHA  AMCCEpTAalMOHHON  pabotbl.  BriOpaHHbIH
[HCCEPTAaHTOM METONOIOTHYECKHH MOAXO/, BKIKOYAIOIIUA TEOPETHYECKUE U
SMIIUPUYECKME METOABl HMCCIEeNOBAaHMs, TakWe KaK: aHajlu3 TMCHXOJOro-
[eIarOrHYECKOM TUTEPATYPEL, Pe3y/bTaThl MEKIYHAPOIHBIX HccnenoBatuit PISA,
AHKETBl M ONpPOCHl YYMTENEH, MO3BOIAET KOMIUIEKCHO MOJOUTH K PELIEHHMIO
MOCTaBIeHHbIX 3a/a4.

DKCIepUMEHTaIbHAS YaCTh MCCJIEI0BAHMS COCTOMUT U3 HECKOJIbKMX 3TarloB
(IMarHOCTMYECKHH, [OUCKOBBIH M  (QopMHpyomuid  3kcmepumenTsl). o
pe3ynbTaTaM 3TMX MCCIEJOBAaHHWi JMUCCEPTAHTOM ObUIM MpOaHATM3UPOBAHEI
npo6iemMbl 06yUeHus: MaTeMaTHYeCKOl rPaMOTHOCTH, (HOPMHUPOBAHHUS U Pa3BUTHA
HaBblKOB 21 Beka, BeIOpaHbl Hamboiee >(Q(QEKTHBHbIE METOABl U TEXHOJOTHH
06yueHus, paspaboTaHa MeToAuKa GOPMUPOBAHHA M PA3BUTH MaTeMaTHYECKOH
rpaMOTHOCTH, HaBBIKOB 21 Beka, MeTOIMKAa HM3MepeHHs C(HOPMHPOBAHHOCTH
HaBBIKOB MaTeMaTU4eCKOH IPaMOTHOCTH, 4To II0JITBEP:K1aeTCH
3KCIIEPUMEHTAIbHBIMU JAHHBIMHU. JlokazaTenbCTBO 3 HEeKTHBHOCTH
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MpeIOKEHHOH  MEeTOAMKM OOy4YeHHUs U H3MepeHHs Cc(HOPMHUPOBAHHOCTH
MaTeMaTUYeCKOM TI'PaMOTHOCTH C HCHOJb30BaHUeM t-kpurepus CTbIOJEHTA, a
TaKyK€ C NPUMEHEHHEM METOJHMKH KpUTEPHAILHOW OIeHKH, IMIpelTOKeHHOM
JAMCCEPTAaHTOM, SBISETCH BaXKHBIM MOMEHTOM, NOATBEPXKAAIOLIUM YCIELIHOCTh
3KCIIEpUMEHTAIbHOro  OOy4YeHHUs M  JIOKa3bIBAIOIIMA  BBICOKHH  YPOBEHB
JHCCEPTALlMOHHOM paboTHl.

Teoperuyeckas 3HaYMMOCTh AMCCEPTALMOHHOIO HCCIIEIOBAHUS 3AKIF0YAETCS
B TOM, YTO MPEJJIOKEHHBIH [TOAXO0/ K KOHCTPYUPOBAHUIO OLIEHOYHO-00yYarOIIMX
3aJlaHMi K [IPaKTUKO-OPDUEHTHUPOBAHHBIM  3ajmadyaM, (QOPMUPYIOIIUM M
Pa3BHBAIOLIMM Yy YYalIMXCd MaTEMaTHYECKYIO IPAMOTHOCTD, IIOCTPOSHHAs MOJENb
npouecca  (GOPMUPOBAHMA W Pa3BUTHUS  MEXKIUCLUUIUTMHAPHBIX  3HAHUH,
MaTe€MaTH4YeCKOM TIpaMOTHOCTH, HaBBIKOB 21 Beka B paMKax H3y4YeHHUs
COAEP)KaHMHU pasjiesia MaTeMaTHKH, CITIOCOOCTBYET Pa3BUTHIO TEOPHH MUIAKTHKU H
eJaroruyecKoi CUX0IOTHH.

IIpakTHyeckas 3HaYUMOCTh Pe3yJbTaTOB JUCCEPTALIMOHHOTO HCCIIENOBAHHS
COCTOMT B TOM, 4YTO pe3yJibTaTbl HCCIENOBaHUS MOTYT OBITh YCIELIHO
UCIOJIb30BaHbl IIPENOAABATENAMH, HAYYHBIMM pabOTHUKAMH, YUYHTEIAMH MOpPH
COCTaBIIEHWH yYEeOHMKOB M y4eOHBIX ITOCOOHMH HOBOrO NMOKOJEHHMS MAJIs CPEeIHEro
oOpa3oBaHHs, NpU OOY4YeHHH IIKOJIBHUKOB MAaTeMaTHYeCKOM IPAMOTHOCTH, B
nporecce GOPMUPOBAHUS U pa3BUTHS HABBEIKOB 21 Beka.

Pabota, npoBefieHHas B paMKax HCCIeOBaHHS MO pa3paboTKe METOHOB H
TEXHOJIOTUi 00ydeHHsl KOIbHUKOB MaTeMaTHYECKOH rpaMOTHOCTH M HaBbIKam 2 1
BEKa, sIBJIAETCS BaXXHBIM BKJIAZOM B pa3BUTHE COBPEMEHHOI0 00pa3oBaHusl.

~» OOOCHOBaHHOCTb M JIOCTOBEPHOCTb pE3YyJbTATOB JIMCCEPTALAOHHOIO
HCCIeIOBaHHA 00eCneynBaloTCs I[NIyOOKHMM aHalW30M Hay4HOW JIUTEpaTypBhl,
OPUMEHEHHEM M  COYETaHHEM  SMIIUPUYECKMX  METOAOB  HCCIENOBaHMSA,
COOTBETCTBYIOLIMM LIEJIAM, 3aJla4aM M FUII0Te3€e UCCleJOBaHUs, TOATBEPKIEHUEM
pe3yJabTaTOB HCCIEJOBAaHMs ITOCPEACTBOM MPUMEHEHHS MaTeMaTHYeCcKHX |
CTaTHCTHYECKUX METOJOB UCCIIEIOBAHHUS.

Hay4nas HOBU3Ha OuCcCepTalMOHHOTO WMCCIIENOBaHMS 3aK/IHYaeTCS B TOM,
4TO:

- YCTQHOBJIEHBI JIOTHYECKHME CBI3M MAaTeMaTHYECKOIO pacCyKJAEeHHS C
dTallaMH peLIeHHUs NPaKTHYECKUX 3a/1ay;

- pa3paboTaH alrOpUTM KOHCTPYHUPOBaHHs OIEHOYHO-00YYaroLMX 3aJaHuil K
NPAKTHKO-OPHEHTHPOBAHHBIM 3a/1a4aM B KOHTEKCTE HcclieqoBaHuii PISA;

- BBISIBJICHBI THIIBI 3a7]a4, COCTABIIEHbl CUCTEMbI MOJIEIBHEBIX 3a/a4 U 3aJaHus
K HHM, HampaBl€HHble Ha (QOPMUPOBaHHE M pa3BUTHE Y MIKOJIBHUKOB
MaTeMaTHYeCKOH rpaMOTHOCTH, HABLIKOB 21 Beka;




- IIOCTPOEHA MOJelNlb OpraHu3aluu mnpouecca GOPMHUPOBAHHS M Pa3BUTHSA
MaTEMaTUYeCKOM TIpPaMOTHOCTHM, HaBBIKOB 21 Beka B paMKax H3y4YeHHS
COOTBETCTBYIOIEro pa3zesia MaTeMaTHKH;

- paspabotaHa MeToauka (OPMHUPOBAaHMS M pPa3BUTHUA Yy IIKOJBHHKOB
MaTeMaTH4YeCKOM IpaMOTHOCTH, HAaBBIKOB 2] Beka B KOHTEKCTE MpPOrpaMMHOH
koHuenuuu PISA-2021;

- paspaboraHa MeTOOMKa H3MepeHHss CGHOPMUPOBAHHOCTH  HABBIKOB
MaTEMaTUYECKOH IPaMOTHOCTH, YCTAHOBJEHHS YPOBHS C(HOPMHPOBAaHHOCTH
HaBBIKOB 21 Beka.

OneHka TOTOBHOCTH JMCCEPTALMOHHOHW paboThl K 3amute. M3yuus
Coliep:KaHWe JUCCepTaluu U NMyONMKaIluK NTOKTOpaHTa, CIeAyeT 3aK/IOUYUTh, 4TO
JMCcCepTauOHHOE UCclieIoBaHUE CartkynoBa baxruspa barnanysl
«DopMHUpOBaHHE W pPa3BUTHE y MIKOIBHUKOB MaTeMaTHYECKOM I'PaMOTHOCTH M
HaBBIKOB 21 Beka B KOHTeKcTe HccienoBaHui PISA» sBhseTcs 3aBepllieHHBIM
Hay4yHBIM HcclieoBaHHMeM. B CBA3M ¢ 3TUM, a Takke C y4eTOM €& HOBH3HBI,
[IPAaKTUYECKOH M TEOpPeTHYECKOM 3HAYMMOCTH, Mpeljaraemasi AUCCepTallMOHHAs
pabora CatkynoBa bakrtuspa barnanynel MoxkeT ObITh pEKOMEHIOBaHa K
nyOTUYHOM 3alluTe Ha COMCKAaHHWE CTeneHdu noktopa ¢unocobun (PhD) mo
obpazoBarenbHo# mporpamme 8D01501 — «MaremaTukay.

3apybexHblii HAYYHBIH KOHCYJILTAHT:
Hoktop dunocoduu, acCUCTEHT npodeccopa, YHUBEPCUTET ATpH UMEHH
Méparum Yeuena, Typuus
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